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ABSTRACT

Impacts of the invasive reed Arundo donax on biodiversity at the community-ecosystem level

G. Guthrie
MSc Thesis, Biodiversity and Conservation Biology Department,

University of the Western Cape

Arundo donax is an invasive species that mostly impacts on sensitive riparian ecosystems. In
California, USA, Arundo worsens flood effects, outcompetes and displaces indigenous plant and
animal species, creates fire hazards, and has the potential to alter soil nutrient status. Arundo is
also invasive in South Africa, though less is known about its ecology, biology, and impacts.
Since California and the Western Cape of South Africa have similar Mediterranean-type climates,
we could assume that the impacts of Arundo on ecosystems in California are likely to be similar

in the Western Cape, and that control methods used could be extrapolated for use in South Africa.

In this thesis, | attempted to determine what impact Arundo has on biodiversity at the
community-ecosystem level. Chapters 2 to 5 are written as scientific papers in the format
required by the Journal of Applied Ecology, and each chapter includes its own reference list.
References for Chapters 1 (Introduction) and 6 (Synthesis) are included in Chapter 7
(References).

Chapter 1 provides an introduction to biodiversity and its attributes, impacts and control of
invasive alien species, and the problem of invasive alien species in South Africa. Following that
is a review of existing information about the ecology, uses, impacts and control of Arundo, and a

short introduction to Arundo in South Africa.

Chapter 2 investigates current methods of Arundo control (annual brush-cutting). Results indicate
that cutting Arundo stems does not provide a long-term solution for control; it worsens the

situation by stimulating growth and increasing stem density. A single targeted application of



herbicide only reduced dominance for six months. Integrated control is necessary for managing

Arundo, and herbicide must be used to some extent.

Chapter 3 investigates whether invasion by Arundo alters biomass, and consequently fuel loads,
of plant communities relative to uninvaded or seemingly indigenous communities, consequently
affecting fire behaviour. Arundo increased biomass by 400 %, but since little dry material
accumulated within stands of Arundo, the fuel load (the component of biomass that will burn)
was effectively lower than Phragmites’. Fire intensity and rates of spread were predicted to be
greater in stands of Phragmites. Fire behaviour of Arundo is site-specific, with rainfall and

temperature largely determining the fuel loads (dry material) of Arundo-infested areas.

Chapter 4 determines whether Arundo alters plant species composition within communities it
dominates. Arundo-dominated communities had a greater number and proportion of alien species
than indigenous communities. Arundo may be facilitating the establishment and growth of alien
species (‘invasional meltdown’). Phragmites australis communities had the lowest species
richness, possibly attributable to large proportions of dry material, preventing photosynthesis, and
binding nutrients within in its dry material. Mature dense stands dominated by indigenous Typha

capensis seemed more resistant to invasion by alien species than younger, less dense stands.

Chapter 5 investigates whether Arundo alters or has the potential to alter nutrient cycling. |
compared decomposition rates, soil nutrient status, and vegetation nutrient status, of Arundo and
Phragmites. Arundo had a high decomposition rate, but little dry and decomposing material, so
that it binds nutrients within live material. Arundo did not appear to alter soil nutrient
concentrations under these climatic conditions, but given increased dry material, soil nutrients

could be significantly elevated because of the high rate of decomposition.

Arundo appears to have more significant impacts in areas that are drier and colder, where more

dry material accumulates within stands.
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CHAPTER 1

INTRODUCTION



1. BIODIVERSITY AND INVASIVE ALIEN SPECIES

1.1 Biodiversity

The biodiversity of an area or ecosystem encompasses the biotic and abiotic elements of that
system. Biotic elements include species, populations and communities, and the abiotic elements
refer to non-living properties in habitats, such as water, soil, and climate or weather. Franklin et
al. (1981) and Wilson et al. (1996) identified the three main attributes of biodiversity as
composition, structure, and function. The term biodiversity therefore needs to take into account
the processes and ecosystem functions as well (Turpie 2004). Ecosystem functioning refers to the
capacity of an ecosystem to carry out the primary processes of capturing, storing and transferring
energy, carbon dioxide, nutrients and water (Solbrig 1991; Woodward 1993). Different functions
of ecosystems are driven by different mechanisms and processes, and by different components of

biodiversity. Biodiversity is important as a regulator of these processes (Loreau et al. 2002).

Biodiveristy is also scale-dependent. Noss (1990) expanded on the attributes of biodiversity to
provide different levels at which they can be assessed. These four levels are landscape,
community-ecosystem, population-species, and genetic (Noss 1990; Poiani et al. 2000). Impacts

on biodiversity at higher levels trickle down to affect lower levels (Noss 1990).

1.1.1 Composition: richness and diversity

The link between species diversity and ecosystem function is not an obvious one. Vitousek and
Hooper (1993) argue that there is no clear link between diversity and function, while most
ecologists would assume that the two are intimately linked (Hobbs et al. 1995). Ehrlich & Ehrlich
(1992) propose that more diverse systems are more capable of supporting ecosystem functions;
which also implies that functions could be lost with the loss of species. Ecosystem functions may
also be carried out by a relatively small number of keystone species (Solbrig 1992), which
implies that beyond a few key members, species are redundant, and biodiversity is not important

in ecosystem functioning.

Species composition and species diversity are functions of each other. Species composition will
determine the diversity of an ecosystem, and vice versa. As an attribute of biodiversity, species

composition (and species diversity) will affect other attributes, such as ecosystem functioning
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(e.g. nutrient cycling, water purification, resource use) (Tilman et al. 1997; Wardle et al. 2002)
and ecosystem structure (vegetation and soil nutrient pools, leaf litter) (Schmid et al. 2002). Plant
species diversity can be used as an indicator of environmental change, such as disturbance to soil
conditions (Lee 1999). High plant species diversity may lead to high litter diversity, which in turn
supports a greater diversity of decomposers and detritivores (Hansen 2000), and in turn this may

lead to an increased variety of food resources and greater habitat complexity (Bardgett 2002).

1.1.2 Structure: ecosystem and community patterns and organisation

Ecosystem structure largely depends on scale. Patterns and patches may appear more obviously at
wider landscape scales. Smaller scales are also important, and changes in vegetation height and
density, or in soil structure and nutrient content, are all important aspects in biodiversity at the
ecosystem scale. Altered vegetation structure (amount of leaf litter for decomposition, nutrient
content in soil and vegetation, increased plant size) will impact on ecosystem functioning

(nutrient cycling, resource allocation), and consequently on species composition.

1.1.3 Function: ecological and evolutionary processes

These include the natural functions of and within ecosystems, such as decomposition and nutrient
cycling in the soil, species germination, growth and spread. In some cases natural functioning of
ecosystems depends on disturbances to which the system is adapted, such as fire regimes, floods
and drought (Brooks et al. 2004). Ecosystem functioning depends to a large degree on plant

species diversity (or composition) and vegetation structure (Hobbs et al. 1995).

1.2 Invasive alien species

Richardson (2001) and Pysek et al. (2004) provide pertinent definitions relevant to invasion
biology. Indigenous species are those that originated, evolved or arrived (from an area in which
they are indigenous) in a given area without human intervention (Pysek et al. 2004). Alien species
are species in a given area whose presence there is due to intentional or accidental introduction as
a result of human activities (synonyms: exotic, introduced, non-indigenous) (Richardson 2001;
Pysek et al. 2004). Naturalised species are alien species that reproduce consistently and sustain
populations over many life cycles, without the input of resources or direct intervention by
humans; they do not necessarily invade natural ecosystems. Invasive alien species are naturalised
species that produce reproductive offspring, and have the potential to spread over a considerable

area (Richardson 2001). Transformer species are usually invasive species (not necessarily alien)
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that change the character, condition, form or nature of ecosystems over a substantial area (PySek

et al. 2004), and are the most damaging.

1.2.1 Impacts

Biological invasions constitute the second largest threat to biodiversity globally, after direct
habitat destruction (Walker & Steffen 1999). They threaten indigenous plant and animal species,
and alter ecosystem function and natural disturbance regimes. Invasive alien plants affect the
capacity of ecosystems to deliver goods and services (Richardson & van Wilgen 2004), such as
water purification, soil generation, decomposition, and nutrient cycling (Vitousek 1986; Olson
1999). Invaded ecosystems often have altered species composition and community structure

(Vitousek et al. 1997).

Transformer species are the most damaging. They may use excessive amounts of resources
(water, light and oxygen), add resources (nitrogen, litter, salt), promote or suppress fire, or
stabilise and / or promote erosion (Richardson et al. 2000). Invasive alien plants often form
complete monocultures, by dominating an ecosystem or habitat, and displacing indigenous
species (Vitousek 1986). Invasive alien plants usually reduce indigenous plant species diversity
and richness (Keeley et al. 2003; Perkins & Wilson 2005), and may even lead to the collapse of
indigenous plant and animal populations, as is the predicted impact of catclaw mimosa Mimosa
pigra invasion into Australia (Braithwaite et al. 1989). Invasion by alien plant species into South
African fynbos threatens many indigenous and endemic plant species (Musil 1993). Invasive
alien plants cause changes in animal species richness and population sizes due to the loss of
forage and cover for protection, breeding, nesting and juvenile habitat (Braithwaite et al. 1989;
Bell 1996). They decrease populations of indigenous, ground-living invertebrates (Samways et
al. 1996) and reduce bird species richness (Breytenbach 1986). Invasive alien plants cause stream
banks to become unstable (Wiesenborn 1996), affect erosional processes (Mack and D’ Antonio
1998) and alter stream flows (Dudley 2000). Invasive alien plants have altered fuel loads of
communities, and hence, altered fire behaviour and fire regimes (Mack & D’Antonio 1998).
Invasion by cheatgrass (Bromus tectorum) in the USA increased fire frequency and intensity, and
eventually transformed shrublands to grasslands (Whisenant 1990). The invasion of alien grasses
into Californian chaparral also increased fire frequency and intensity, and altered indigenous

plant species composition (Zedler et al. 1983).



Disturbed and unstable habitats can readily and rapidly be colonised by most invasive alien
species (Bell 1997), to the extent that disturbance is often associated with invasion (Ewel 1986;
Crawley 1987; Hobbs 1989). Changes to disturbance intensity or frequency often have the largest
influence on species diversity (Hobbs & Huenneke 1992). Invasive alien species can alter
disturbance regimes (by introducing, enhancing or suppressing disturbance events such as fire
and erosion) and facilitate new invasions (Mack & D’Antonio 1998; Simberloff & Von Holle
1999). Invasion can result in a positive feedback between disturbance and alien plant species
(D’ Antonio et al. 1999), such as those between fire, nutrients and plant invasions (Wedin 1999;
Vila et al. 2001).

1.2.2 Economic implications

Alien tree species (such as Pinus, Eucalyptus and Acacia) are important sources of pulp, timber
and fuelwood, but in South Africa they are estimated to consume seven percent of available water
(Le Maitre et al. 2000). The Nile perch Lates niloticus has great economic value in many African
countries, but it has also caused the loss of endemic species and altered ecosystems (IUCN / SSG
/ ISSG 2004). Black wattle Acacia mearnsii has been used in Africa in commercial plantations
for many years, and is also used in the production of soft leather (tannin compounds extracted
from the bark); resins, thinners and adhesives (bark extract); building materials (timber);
charcoal; and paper production (pulp and woodchips) (IUCN / SSG / ISSG 2004). It is highly
invasive, producing large quantities of long-lived seeds and out-competing indigenous vegetation
(IUCN / SSG / ISSG 2004). Giant reed Arundo donax provides material for thatching, basketry
and building construction. People rely on these products to support their families and households,
and it becomes difficult to justify control or eradication of these alien species. Another example
is Echium plantagineum in Australia, known as Paterson’s Curse or Salvation Jane. It is a major
pasture weed throughout southern Australia (Piggin & Sheppard 1995). It has been considered
desirable by certain beekeepers, for its pollen, and farmers, because it is sometimes the only
source of grazing in drier regions, despite being poisonous (Nordblom et al. 2002). However,
most people consider E. plantagineum a problem because it is poisonous to people and grazing
animals (Culvenor 1956), it replaces nutritious and palatable pasture and indigenous vegetation,
and it reduces soil fertility. Shortly before the release of biological control (Dialectica
scalariella) in 1980, two beekeepers and two graziers obtained an interim injunction preventing
further releases. A legal battle followed, and eventually the injunction was lifted in 1988.

Economic studies showed that costs far outweighed benefits, so permission to release the
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biological control agent was given. It is now considered as one of Australia’s worst weed species

(Parsons & Cuthbertson 1992).

Worldwide, invasive alien species cause more than US $ 314 billion per year in damage
(Pimentel et al. 2001). In agricultural and forest systems, there is the cost of clearing rivers and
canals clogged by invasive alien plants. There is potentially the cost of water provision via
irrigation, if alien plant species deplete water resources (Enright 2000; Eiswerth & Johnson
2002). In US agriculture, weeds cause a reduction of 12 % in potential crop yields (Perrings et al.
2002). In South Africa, alien weeds cause total crop losses of about US $ 1.5 billion per year
(Perrings et al. 2002). Water hyacinth reduces water resources in South Africa (Richardson et al.
1997), and more than US § 25 million is spent per year on the control of water hyacinth. More
than US $ 5 million per year is spent on preventing future alien plant invasions in South Africa

(van Wilgen et al. 1998).

2. INVASIVE ALIEN PLANT CONTROL AND MANAGEMENT

An integrated approach involving the combined use of different control methods is necessary to
manage invasive alien plants effectively (van Wilgen et al. 2000). Integrated weed control
usually involves a combination of at least two of the primary elements of control: chemical,
mechanical and biological. Chemical control implies the use of environmentally safe herbicide.

There is growing concern about impacts of herbicides on non-target species and ecosystems.

Mechanical control is the physical control of alien plants by removal or suppression, such as
felling or burning (van Wilgen et al. 2000). Mechanical control is labour-intensive, and
expensive to use in extensive and dense infestations, or in remote areas and rugged terrain.
Biological control is the use of organisms to feed upon, parasitise or interfere with an alien
species’ ecology; usually invertebrates and diseases from the alien plant’s region of origin are

utilised (Cory & Myers 2000).

The selection of methods for control and management is complex and depends on the biological
attributes of the species (population growth, reproduction), environmental factors (climate,

drought, fire), and human activities (budget, skills, knowledge, commitment) (van Wilgen et al.
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2000). It also depends on the stage of establishment or spread of the alien species (Hobbs &
Humphries 1995). Species arriving in new environments must be prevented from establishing,
and be quarantined if necessary. Those in the process of adapting and establishing must be
detected early on and eradicated. Eradication in most cases is impossible (B. van Wilgen pers.
comm.), unless the infestation is caught early or the reproducing population is small (Myers et al.
2000). Where species are in a stage of exponential growth, integrated control methods are
required, with monitoring of the affected ecosystem, the invader species, and the methods. Once
invasive alien species have become dominant in an environment, biological control is sometimes
the only effective method of control (van Wilgen et al. 2000). In many cases, managers have to
make decisions without a comprehensive understanding of the potential consequences (van
Wilgen et al. 2000). They therefore need to learn from previous experiences, successes and

failures, and where necessary, adapt their management practices (Holling 1978).

3. INVASIVE ALIEN SPECIES IN SOUTH AFRICA

3.1 Current status

South Africa has one of the largest problems with invasive alien plants in the world (Richardson
et al. 2005). The most important invasive species in South Africa originated from Australia and
the areas of Mediterranean-type climate in Europe and North America (Stirton 1978). Many
invasive alien species are well-established and cause substantial damage, and many others are at
early stages of invasion (Nel et al. 2004). More than 160 of the approximately 8 750 plants that
have been introduced to South Africa are known to be ‘seriously invasive’ (according to the
Conservation of Agricultural Resources Act (CARA) 43 of 1983) (van Wilgen et al. 2001).
Several estimates have been made of the geographic range of alien plant invasions in South
Africa. Le Maitre et al. (2000) claim that 10 million hectares have been invaded to some extent.
The most comprehensive set of records for South Africa is the South African Plant Invaders Atlas
(SAPIA) (Henderson 1998). The SAPIA database records the abundance of species in different
categories. Abundant species occur in more than 15 % of the quarter-degree squares where they
were mapped. Many of these species develop into near-monocultures in many ecosystems, for
example, Pinus species and Hakea sericea in fynbos, and Acacia species, Eucalyptus species and
Arundo donax along rivers (Richardson & van Wilgen 2004). Another classification is that of Nel

et al. (2004), who classify invasive alien plants into two main categories: major invaders and
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emerging invaders. Major invaders are those species likely to be of highest concern to
landowners and managers, at which most funding should be directed for control. These species
have already had a substantial impact on natural and semi-natural ecosystems of South Africa
(Nel et al. 2004), and again include Pinus species, Hakea sericea, Acacia species, Eucalyptus

species and Arundo donax.

In South Africa, dense stands of alien trees and shrubs have rapidly reduced abundance and
diversity of indigenous plants (Richardson et al. 1989; van den Berckt 2000). They have also
increased total biomass (ith its subsequent effect on fuel properties) (Milton 1981a; Versfeld &
van Wilgen 1986), altered change litterfall dynamics (Milton 1981b), and altered nutrient cycling
(Musil 1993; Stock et al. 1995; Yelenik et al. 2004). These changes have had varied effects on
fire regimes (Richardson & van Wilgen 2004). The impacts of alien stands intensify with time as

they replace indigenous vegetation (Holmes & Cowling 1997).

Grasses are often overlooked because of the major problems currently being experienced with
woody invaders (Richardson & van Wilgen 2004). Invasive alien grasses are nonetheless
important transformer species in South African ecosystems. Seven grass species are declared
weeds in South Africa (Henderson 2001), and all of these species have shown invasive behaviour
in fire-driven or littoral ecosystems (D’Antonio 2000; Richardson et al. 2000). Problems caused
by alien grasses are likely to increase as a result of climate change (Milton 2004). Global change
is likely to increase nitrogen availability in the soil (i.e. nutrient additions with fertilization),

giving most C; grasses an advantage over Cy4 plants (Milton 2004).

3.2 Management

Peter MacOwan (1888) and Rudolf Marloth (1908) initially raised concerns regarding the
potential for introduced plants to replace natural vegetation, with detrimental consequences (van
Wilgen et al. 1997). These warnings were ignored until the 1900s when invasion was realised as
a serious problem in South Africa. Invasive alien plant control started primarily to conserve
natural vegetation. Initial attempts were uncoordinated and erratic, and largely unsuccessful,
because of a poor understanding of invasive plant ecology as well as a lack of follow-up funds. In
the 1970s and 1980s more research encouraged coordinated, nationwide control programmes,
which were successful but short-lived. In the 1980°s, government funding was reduced and

invasive plant control efforts were financially strained (van Wilgen et al. 2002).
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3.2.1 Working for Water

The Working for Water Programme was started in October 1995, with the aim of protecting
water resources and creating employment opportunities (Marais et al. 2004). It has grown
successfully, largely due to political support, local and international funding, and the
programme’s many benefits (van Wilgen et al. 2002; Richardson & van Wilgen 2004). The
annual expenditure on Working for Water operations increased from R25 million in 1995 / 1996
to over R400 million in 2003 / 2004 (Anon. 2002). The costs of clearing increase dramatically
with the density of invasive alien plants. Twelve species (or genera) accounted for 89 % of the
costs of clearing in 2002 / 2003, mostly Acacia spp. (Marais et al. 2004). Most of the costs of
clearing, and the largest areas cleared, were related to the large tree species with significant
impacts on water resources (Marais et al. 2004), such as Acacia, Pinus, Eucalyptus, Populus, and
Prosopis species. Large amounts were also spent on Lantana camara, Chromalaena odorata,
Solanum mauritianum and Cereus jamacarus, which have impacts on biodiversity, catchment
stability and the agricultural potential of land. The Working for Water Programme does not target
Arundo donax and Salix babylonica, probably because they are less-researched and appear to
have less serious impacts, even though that are both listed as very widespread and common by

Nel et al. (2004). There is more focus on riparian areas (Marais et al. 2004).

3.2.2 Integrated control

Some examples of integrated control used on invasive alien species in South Africa include the
control of Hakea species and Opuntia stricta. Hakea sericea has invaded thousands of hectares of
fynbos in South Africa. Plants are killed by fire, after which the winged seeds are released and
dispersed by wind (Richardson & van Wilgen 1986). Control programmes incorporate
mechanical methods (felling and fire) and biological control. The plants are felled using
chainsaws, and left for 12 to 18 months, then burnt. This practice has been successful in clearing
large areas of invasions, but problems occur with burning because the stands produce such high
fuel loads. Fires in stands of alien plants have high intensity and damage the soil, seedbanks and
soil microbial populations (Cilliers et al. 2005). Biological control in the form of seed-feeding
insects is also used (Gordon 1999), but these insects don’t disperse readily or over long distances.
Similar control strategies are applied to Hakea sericea, H. drupacea, H. gibbosa and Pinus

species (van Wilgen et al. 2000).



Prickly pear Opuntia stricta is a significant weed (cactus) in South African savannas. Early
attempts at mechanical control were ineffective because the fruit was spread over long distances
by baboons and elephants. The introductions of biological control agents in the form of
Cactoblastis (Cacroblastis cactorum) and Cochineal (Dactylopius species) (Hoffmann et al.
1999) have been successful in the control of O. stricta. Herbicide is used on scattered
populations, and biological control agents are released on larger infestations (Lotter & Hoffmann

1998).

4. ARUNDO DONAX

Arundo donax L. (hereafter referred to as Arundo) is also known as Giant Reed, Bamboo Reed,
Spanish Reed, Spanish Cane, Wild Cane and Arundo. Arundo belongs to the Arundineae tribe,
along with Phragmites species (Renvoize 1980). Arundo is reported as indigenous to Egypt,
India, Spain, Nepal, Eurasia, eastern Asia and the Mediterranean (Polunin & Huxley 1987;
Fornell 1990; Hickman 1993). Most recent evidence reports Arundo as being indigenous to the
Indian sub-continent (Bell 1997). Arundo has been intentionally distributed around the world
because of its many uses (Dudley 2000). It does particularly well in areas with a Mediterranean-
type climate. It is naturalized and invasive in many regions, including southern Africa, the
Caribbean and Pacific Islands, South America, Australia, Southeast Asia, and United States
through to Mexico (Hafliger & Scholz 1981). Arundo was first detected in the USA in the 1850s
(Herrera & Dudley 2003), and today is invasive in sub-tropical, temperate, arid and semi-arid

regions of North America (Langeland & Burks 1998).

Arundo is a hydrophyte, growing along lakes, streams, drains, and other wet sites (Bell 1997).
Although it usually grows in wetter areas, it does not need a constant supply of water, and can
grow on drier banks and roadsides. Arundo has pale green to blue-green leaves, and may be
confused with bamboo and corn. Younger plants resemble the common reed Phragmites
australis. Arundo is a perennial C; grass species (Rossa et al. 1998), and stems may reach 10
metres in height (Dudley 2000). It usually grows in large stands many metres wide, and contains
hundreds of stems per stand (Spencer et al. 2005). It does not produce viable seed in most areas
where it has been introduced (Perdue 1958), and reproduction occurs almost entirely from

rhizomes and stem fragments (Boose & Holt 1999). Fragments are usually carried by floodwaters
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into new habitats where they sprout new culms (Else 1996). Rhizomes are tough and fibrous,
forming thick mats that penetrate deep into the soil (Mackenzie 2004). Each plant can have a root

span of up to 12 metres in diameter (Jackson 1993).

Arundo forms one of the most biologically productive populations (Bell 1997). Ideal growth
conditions would be low gradient riparian areas with well-drained soils (Perdue 1958), high water
nutrient levels (such as at agricultural, industrial and residential wastewater discharge sites), low
salinity (Grossinger et al. 1998), full sun, and high temperatures. Under these conditions Arundo
produces more than 20 tons per hectare above-ground biomass (Perdue 1958), but even when
conditions are not ideal, Arundo produces approximately three tons per hectare above-ground
biomass (Christou 2001). Rieger & Kreager (1989) record Arundo growing as much as seven
centimetres in one day, and up to eight metres in a few months. Arundo outcompetes indigenous
woody species in terms of growth rate and height (Else 1996). Once Arundo is established, it
spreads at a rapid rate, excluding most other species. Plant species most capable of competing

with Arundo are those reproducing via rhizomes and seeds (Else 1996).

Arundo can tolerate a wide variety of ecological conditions (Perdue 1958), mostly due to its
rhizomes and deeply penetrating roots. Individual plants can survive periods of drought or of
excessive moisture. Arundo is primarily a freshwater species but can tolerate excessive salinity
(Perdue 1958; Grossinger et al. 1998). It survives and flourishes in all types of soils, from heavy
clays to loose sands and gravel (Perdue 1958). It is usually associated with higher soil nutrient
levels than indigenous plants (Coffman et al. 2004). Arundo can survive low temperatures when
dormant (during winter), but is vulnerable to damage by frosts after the start of spring growth
(Decruyenaere and Holt 2001). Arundo does not appear to tolerate high elevation or inland
environments where sustained freezing occurs (Team Arundo del Norte 1999a). Arundo is
usually associated with rivers that have been physically disturbed or dammed, but it can invade
indigenous stands of plant species, even in full shade (Bell 1997). Arundo is one of the few alien
species that invades undisturbed or naturally disturbed systems (Rejmanek 1989), and does not
need some form of human intervention to become established. However, disturbance has played a
major role in the successful invasion and establishment of Arundo (Bell 1997), since certain
human alteration of ecosystems (such as fertilizer addition, or cleared land and removed
competition) provides more suitable conditions for its growth. Floods and anthropogenic

modification to riparian environments have helped spread Arundo along river courses (Coffman
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et al. 2004). Recent nutrient loading of rivers is hypothesized to be a major factor contributing to

Arundo invasion in California (di Castri 1991).

4.1 Uses

Arundo plants are often used as erosion control (Bell 1997), because the root masses stabilize
stream banks and terraces (Zohary & Willis 1992). Arundo has been suggested as a source of
biomass for fuel energy production (Duke 1983). It does not make a good livestock forage
because the leaves mature and become unpalatable quickly. Leaves may be woven into mats and
baskets. Stems can be used for building material, plant supports, fences, screens, roofing, walking
sticks, measuring rods, fishing poles and brooms (Duke 1983; Usher 1974). The stems are used
make musical instruments like clarinets and bag-pipes (Usher 1974). Young stems or branches
can be used in roof thatching. The stem fibre can be used to make paper (Duke 1983). In Italy,
the plant is used in the manufacture of rayon (Duke 1983). Yellow dye may be made from the
pollen (Moerman 1998). Rhizomes are edible, raw or cooked. They can be dried out and ground
into a powder to make bread, usually in conjunction with cereal flours (Chiej 1984). They can be
roasted or boiled (Coyle & Roberts 1975). Arundo is also used to treat dropsy (Duke & Wain
1981).

4.2 Impacts
Arundo is rapidly invading riparian ecosystems of rivers in Mediterranean-type climates

(Coffman et al. 2004), impacting on both ecological and economic sectors.

4.2.1 Ecological impacts

4.2.1.1 Composition

The presence and spread of Arundo changes community composition. Arundo has the potential to
reduce the diversity of riparian fauna and flora, partly due to its large biomass and height, and
rapid growth rate (Milton 2004). Arundo quickly colonises disturbed areas, like those left bare
after flooding or fires, and dominates riverbanks and estuaries (Dudley & Collins 1995). Arundo
outcompetes and replaces indigenous riparian plants, reducing the value of riparian habitats and
resources for indigenous fauna (Bell 1997). Gaffney & Gledhill (2003) found reduced indigenous
plant species diversity as well as increased abundance of other alien plants associated with

Arundo.
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Areas dominated by Arundo tend to have lower diversity of aquatic animals (Chadwick &
Associates 1992). Herrera & Dudley (2003) found lower diversity of invertebrates within stands
of Arundo when compared to indigenous vegetation. In the Simi Valley area (USA), Arundo has
reduced the available habitat of the three-spined stickleback (Gasterosteus aculeatus), an
endangered fish species (Frandsen & Jackson 1993). Large and medium sized mammals cannot
penetrate densely infested areas (Coffman et al. 2004). Smaller or less dense patches are
occasionally used by birds, snakes, and rodents, for nesting and cover (Coffman et al. 2004).
Arundo stems and leaves contain a wide variety of noxious chemicals (Mackenzie 2004), making

it unsuitable and unpalatable to most insect and animal species (Miles et al. 1993).

4.2.1.2 Structure

Arundo invasion alters the vegetation structure of riparian zones (Herrera & Dudley 2003). It is
competitive, forming extensive stands or monocultures, and physically inhibits indigenous plant
species from establishing (Bell 1997). Gaftney & Gledhill (2003) report a reduction in vegetative
structure in communities dominated by Arundo. Arundo can occupy entire river channels from
bank to bank (Frandsen & Jackson 1993). Biomass creates obstacles during storm events, and can
lead to flooding of adjacent land, erosion of stream banks, and change to natural flow patterns
(Coffman et al. 2004). Large clumps of Arundo sometimes break off from river banks and are
deposited in the middle of the channel, forming islands. Arundo is often much taller than co-
occuring plant species, and has greater above- and below-ground biomass. Arundo provides no
significant shade over water (Iverson 1993), and areas dominated by Arundo tend to have warmer
water temperatures, with lower oxygen concentrations and lower diversity of aquatic animals
(Chadwick & Associates 1992). The lack of stream shading may increase algal growth and pH,
causing further degradation of water by the production of ammonia (Chadwick & Associates
1992). As well as affecting water quality, Arundo affects water quantity. Iverson (1993) and
Zimmerman (1999) report that Arundo uses and transpires three times more water than
indigenous plants in the USA. Every year, Arundo along the Santa Ana river basin in California

evaporates approximately 7.6 million kilolitres of water (Jackson 1993).

4.2.1.3 Function
Arundo alters ecological processes, functions and ecosystem services in riparian systems (Milton
2004), much of it due to the changes to ecosystem structure. Arundo alters stream hydrology and

sedimentology (Milton 2004), increasing the risk of flooding (Coffman et al. 2004).
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Arundo appears to use more soil nutrients (especially nitrogen) than indigenous species (Coffman
et al. 2004). Arundo decomposes at rates similar to indigenous litter in riparian environments, but
changes the structure of the soil, making it unsuitable for decomposer organisms (B. Lichtman,

unpublished data, in Herrera & Dudley 2003).

Arundo is highly adapted to fires and is flammable throughout most of the year (Bell 1997). It
produces large quantities of biomass that increase the available fuel for unseasonal and higher
intensity fires (Coffman et al. 2004). Arundo increases fire frequency, rates of spread and
intensity in Californian riparian areas (Coffman et al. 2004). The spread of Arundo in riparian
ecosystems is also accelerated by fire: fire clears away indigenous and other vegetation. The
remaining Arundo rhizomes are well-adapted to fire can easily resprout without any competition
for resources. New Arundo shoots appear within days after a fire (personal observation). Arundo
has changed some ecosystem processes from being flood-regulated to fire-regulated (Rieger &

Kreager 1989).

4.2.2 Impacts on economy and human health

Arundo grows densely enough to reduce the carrying capacity of small waterways by constricting
and narrowing the channel from both banks (Robbins et al. 1951). Vast amounts of Arundo
biomass pile up against flood control and transportation structures such as bridges and culverts
(Frandsen & Jackson 1993). Costly removal strategies are needed after large storms to clear

Arundo blockages from channels (Douce 1993).

Studies indicate that air quality of the West Coast of the USA may have been adversely affected
by the introduction of Arundo, which emits high levels of isoprene (Evans et al. 1982; Hewitt et
al. 1990). Arundo’s flammability poses safety risks and causes economic problems, such as the
need for evacuation programs, firefighting equipment and labour, potential damage to housing

and infrastructure by fire (Team Arundo del Norte 1999b).

4.3 Control and management

Arundo is adaptive and thrives in most habitats. Once established, Arundo maintains itself and
spreads via its extensive rhizome system. Arundo is a difficult and expensive species to control,
and notorious for its resistance to chemical spraying. Arundo will not die unless the rhizomes are

killed (Boose & Holt 1999). Management of Arundo must include post-treatment monitoring and
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re-application of herbicides to regrowth (US EPA 1997). Revegetation may be needed for bank
stabilisation after clearing (Boose & Holt 1999).

4.3.1 Chemical control

Chemical control is the most widely used method for controlling Arundo. Glyphosate-based
herbicides such as Rodeo (Dow Agrosciences) and Roundup (Monsanto) are popular and cost
effective. They provide effective control of vegetation, degrade rapidly in soil and have low
mammalian toxicity (Giesy et al. 2000; Williams et al. 2000). Glyphosate applications are most
successful when made at, or just after, Arundo flowering (Bell 1997). Follow-up treatments are
usually necessary for up to five years after eradication (Team Arundo del Norte 1999b). The
three main methods of herbicide application are foliar spray (spraying herbicide onto leaves and
stems without cutting), cut-and-spray (spraying or painting herbicide directly onto cut stem
surface), and cut-resprout-spray (cutting stems, allowing resprouting, and spraying resprouts with
herbicide). The ecological risks of glyphosate use are small, especially when compared to the

damage by noxious and invasive weeds (Monheit 2003).

4.3.2 Mechanical control

Mechanical control is effective only if the entire rhizome mass is removed, which is almost
impossible (Boose & Holt 1999; Bromilow 2001). Rhizome fragments left in the ground will
resprout. Three major types of mechanical control are physical removal (using hand-held tools or
heavy equipment), soil solarisation (covering cut stems with plastic sheeting), and prescribed
burning or grazing. Soil solarization (Katan et al. 1987), also referred to as tarping, involves
placing a cover or tarpaulin (tarp) (usually transparent or black plastic sheeting) over the soil
surface. In theory, the plastic is supposed to trap solar radiation and cause an increase in soil
temperatures, killing plants, seeds, pathogens and insects below the tarp (Tu et al. 2001).
Darkness beneath black plastic further prevents photosynthesis (Elmore 1990). It is expensive

when used on large expanses of Arundo, and may lead to soil erosion following removal of the

tarp.

Prescribed burning is mostly not successful, since rhizomes sprout soon after burning (personal
observation), and may even promote Arundo regrowth (USDA 1993). Prescribed grazing
involves training goats or cattle to graze on Arundo only. Arundo is not palatable to cattle (Wynd

et al. 1948) but Angora and Spanish goats are potential controls (Daar 1983). Mechanical control
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usually results in some soil disturbance, as well as piles of unwanted biomass. Biomass is
expensive to remove and dispose of, and leaving it on site may pose flood or fire hazards, and
will impede revegetation by indigenous species. Biomass may be chipped or mowed. High-
powered drum chippers work well (Team Arundo del Norte 1999a), even on green stems.
Material is finely chipped, and only a small amount of resprouting occurs from larger pieces.
Chipped material dries out quickly, providing good mulching material. Mowing is carried out
using a mowing attachment on a tractor. It is generally best suited to dense stands, but old stands
may be difficult to manoeuvre through. Mowing is limited by access to the site, terrain and noise

1ssues.

4.3.3 Biological control

No biological control for Arundo has yet been approved in the USA, or in South Africa (Milton
2004). A USDA evaluation of the potential benefits of biological control against Arundo ranked it
as a promising candidate (Tracy & DeLoach 1999). Cummins (1971) and Tracy & DeLoach
(1999) list 48 species as potential biological controls for Arundo. Specifically, there is the green
bug Schizaphiz graminum (Zuniga et al. 1983) in Africa and / or Eurasia, the caterpillars
Phothedes dulcis in France and Zyginidia guyumi in Pakistan (Ahmed et al. 1977), and a moth
borer Diatraea saccharalis in Barbados (Tracy & DeLoach 1999). The Agricultural Research
Service laboratory in Australia is surveying the closely related grass Monochater paradoxus for
natural enemies (Kirk et al. 2003). A stem-boring wasp Tetramesa romana is currently (2006)

being monitored in California (T. Dudley & A. Lambert pers. comm.).

5. ARUNDO DONAX IN SOUTH AFRICA

Arundo was introduced into South Africa in the late 1700s (Henderson 2001). In South Africa,
Arundo is listed as a Category 1 species (the most serious type of invasive species), and
landowners are obligated to remove or control the plant where possible. It is mentioned in many
research papers as a species of concern (Wells et al. 1980; Henderson 1998; Robertson et al.
2003; Nel et al. 2004; Rouget et al. 2004). Sensitive vegetation types such as the fynbos are
particularly susceptible and vulnerable to invasion of Arundo because of its ecosystem-changing
capabilities, especially the impact it has on fire behaviour and fire regimes, since fynbos is a fire-

driven ecosystem. Arundo is one of eleven invasive alien plant species in the fynbos biome in
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South Africa that occur in more than 50 quarter degree squares (Henderson 1998), and it has the
potential to invade more than a million hectares of the fynbos biome (Rouget et al. 2004). It is
listed as one of six of the most important invasive plant species, current and future, that will have
economic impacts of significance in the fynbos biome (Henderson 1998). Arundo is within the
top 21 % of invasive species in South Africa (Nel et al. 2004) in terms of impact (type of habitat
invaded, abundance and range) (Parker 1999).

Arundo was listed among the five worst invaders in the provinces of Gauteng and Limpopo in
1976, and was later recognised as a national problem because of its threat to water security
(Wells et al. 1980). Arundo is present in all provinces of South Africa (Henderson 1998), and
uses considerable amounts of water (Table 1). The south-western Cape and the semi-arid
Highveld regions of South Africa may suffer further water losses due to the rapid growth rate of
Arundo (Samuels et al. unpublished data).

Fig. 1. Distribution of Arundo within South Africa. Each white quarter-degree square indicates

Arundo presence (Henderson 2001).
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Table 1. Area of land invaded and estimated water use by Arundo, per province per year in South

Africa (Versfeld et al. 1998).

Area invaded (hectares) | Water use (m”)
Eastern Cape 15078 214 000
Free State 695 28 000
Gauteng unknown unknown
Kwazulu-Natal 112 307 2 168 000
Northern Cape 456 2 000
Northern Province | 392 9 000
North-West 47 948 1 758 000
Western Cape 11072 170 000
South Africa 187 948 4 348 000

6. AIMS OF THE RESEARCH

This study sought to investigate aspects of the impact of invasion of indigenous plant
communities by Arundo donax in the Western Cape Province, South Africa. The aspects
investigated included ecosystem features related to composition, structure and function (Noss
1990). In terms of composition, it examined and compared the plant species diversity present in
sites invaded by Arundo, with the plant species diversity in sites dominated by indigenous
Phragmites australis and Typha capensis, dominant indigenous species that occur in the same or
similar habitats. In terms of structure, it examined the density, biomass, height, and growth rates
of Arundo as compared to Phragmites. In terms of function, it examined predicted fire behaviour

and decomposition of Arundo as compared to those of Phragmites.
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CHAPTER 2

HERBICIDE TREATMENT AFFECTS STRUCTURE AND RECOVERY
OF INVASIVE ARUNDO DONAX
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. SUMMARY
Arundo donax is an important invasive reed species in South Africa. It is highly
productive and highly resilient. Current methods of control are limited and consist of
annual brush-cutting in some areas. This study sought to compare the effects of herbicide
applications on the regrowth of Arundo with that of untreated sites.
Plots of Arundo were cut, and stems painted with concentrated herbicide. Growth and
recovery of treated and untreated plots were compared to determine whether cutting and /
or herbicide could serve as an effective control method.
Height and growth rates of treated Arundo were consistently lower than untreated Arundo
for the full period of study. In some months, untreated stems were three to four times
taller than untreated stems.
The density of treated Arundo stems was lower than untreated for a period of seven
months, after which the treated stems increased in density to levels surpassing that on the
treated plot.
Herbicide reduced the density, height and growth rates of Arundo, but without follow-up
treatment within six months, stem density increased exponentially. Cutting alone is
therefore ineffective for controlling Arundo in the long term, and it actually increases
Arundo density, height and growth rates.
Stem cutting is ineffective as a control method, and increases the density of Arundo
stems. A single application of herbicide is effective in controlling height and growth rates
of stems. Follow-up treatment is necessary to target new growth.
Herbicide is effective for short-term control, more so than cutting alone, but further
research is necessary to determine the best control for Arundo in South Africa. Methods

could be extrapolated and tested from the USA.
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2. INTRODUCTION

Arundo donax L. (hereafter referred to as Arundo) is an important invasive reed species in South
Africa (Henderson 2001). It is indigenous to the Indian sub-continent (Bell 1997), and is likely to
have been intentionally introduced because of its many uses (Dudley 2000) during the 1700s
(Henderson 2001).

2.1 Ecology

Arundo is adaptive and thrives in most habitats, doing particularly well in areas with
Mediterranean-type climates, such as the Western Cape of South Africa. It has high growth rates,
growing up to seven centimetres per day, and stems may reach eight metres in height after a few
months (Rieger & Kreager 1989). Arundo can produce high volumes of biomass, more than 20
tons per hectare under ideal conditions (Perdue 1958). Arundo does not produce viable seed
(Perdue 1958) but spreads rapidly via its extensive root and rhizome system (Boose & Holt
1999). Arundo usually establishes in riparian habitats because it is spread by floodwaters or

ordinary flow (Else 1996), but is not restricted by water availability.

2.2 Uses
In South Africa, Arundo plants are widely used for bank stabilisation. Stems are used for building
and thatching materials, screens and fences, and leaves are woven into baskets and mats,

providing livelihoods for communities with high rates of unemployment.

2.3 Impacts

Arundo spreads rapidly, outcompeting and displacing indigenous plant species (Bell 1997).
Monospecific stands of Arundo are often too dense for animals to move through (Spencer et al.
2005). Arundo reduces available terrestrial and aquatic habitat (it grows within and alongside
streams) for indigenous animal species, thus reducing the overall indigenous species diversity. Its
fast growth rates require it to use more soil nutrients than indigenous species (Coffman et al.
2004). Arundo uses and transpires up to three times more water than indigenous species (Iverson
1993; Zimmerman 1999). It poses flood risks because it forms debris piles and decreases channel
sizes (Frandsen & Jackson 1993). Arundo is highly adapted to fires and flammable throughout
most of the year (Bell 1997), increasing fire frequency and intensity (Milton 2004). It is tolerant

of a wide range of climatic and environmental factors (Perdue 1958), and has the potential to
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invade and establish in most conditions, being limited only by extreme cold (Samuels et al.

unpublished data; Team Arundo del Norte 1999).

2.4 Control

Arundo has been overlooked, ignored or allowed to establish and spread because it has many
uses, is difficult to eradicate, and is similar in appearance to the indigenous common reed
Phragmites australis. Arundo is a difficult and expensive species to control, and notorious for its
resistance to chemical spraying. Arundo will not die unless the rhizomes are killed. Arundo is not
well known in South Africa, therefore management of Arundo stands usually consist of annual
cutting at best. Combining mechanical and chemical control is usually most effective. Chemical
control involves applying herbicide, via spraying or painting, and in conjunction with cutting
stems. Sometimes stems are cut and allowed to resprout before spraying with herbicide.
Mechanical control involves physical removal, either using heavy equipment or handheld tools,
or covering with plastic sheeting (tarping), or prescribed burning. Clearing must proceed from the
top of a watershed, downstream, to avoid re-invasion. Successful control includes follow-up
treatments and monitoring (US EPA 1997). Banks may need revegetation for stabilisation after

clearing (Boose & Holt 1999). No biological control has been approved in South Africa.

In this experiment I determined the effectiveness of a single application of concentrated herbicide
to cut stems of Arundo, as a simple addition to current control methods of cutting. I compared
this to the current management strategy in Hout Bay, Western Cape, which involves annual
cutting alone. Cut biomass is usually piled on site, though some may be removed. I measured

growth rates, heights and density of the two treatments.

3. METHODS

3.1 Study area

The Western Cape of South Africa has a Mediterranean-type climate: warm, dry summers and
wet, temperate winters. Rainfall varies from 200 to 2 000 mm per year, and falls mainly during
the winter months. Strong south-easterly winds blow primarily during summer, from November
to February. The study was undertaken in the lower reaches of the Disa River in Hout Bay. The

Disa River runs through Hout Bay, a coastal town about 11 km from Cape Town. The lower
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reach is characterised by a broad floodplain and most of it falls within residential or commercial
zoning. The Disa River is heavily disturbed and impacted on by agriculture, residential and light
industrial wastewater, and formal and informal developments. Arundo stands on the site are dense
and extensive, and span the entire distance between the Victoria and Princess Road bridges, with
fewer and less dense clumps upstream. Arundo stems are cut annually (brush-cutter) by the town
council along this stretch of land, along one riverbank for safety, aesthetic and flood prevention
purposes (I. Crowster pers. comm.). However, the untreated cut biomass is mostly left on the

banks or piled slightly away from the original site (personal observation).

3.2 Data collection

Two plots of 1 x 5 m were selected and marked, within monospecific stands of Arundo. On one
plot, all Arundo stems were cut to a height of 200 mm above ground level and counted. This plot
served as the control plot (S 34° 01' 56.2", E 18° 21' 13.1"). In the second plot (S 34° 01' 56.6", E
18° 21' 13.0™), all Arundo stems were cut to a height of 200 mm above ground level, and treated
with 100 % concentration herbicide (RoundUp, Monsanto, 360 g L™ active ingredient
glyphosate). Herbicide was applied to the cut stems using a paintbrush within one to two minutes
after cutting. Cut biomass was chipped using a drum chipper, spread out and dried on site. All
stems were counted and measured at monthly intervals for a period of nine months. New stems
(from rhizomes) and resprouting stems (from an existing stem or group of stems) were recorded.

I compared height, growth rates and densities of treated and untreated stands of Arundo.
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Fig. 1. Map of South Africa showing provincial boundaries. The study occurred in the Western

Cape province; Hout Bay is marked with a star; nearby towns are marked with dots.
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4. RESULTS

4.1 Stem density

Herbicide application resulted in lower overall stem density than the control (no treatment), for
the first seven months after the initial treatment. Thereafter, the stem density on the plot treated
with herbicide increased to levels exceeding those on the untreated plot (Fig. 2). The untreated
plot had consistently higher density (three to five times higher) of resprouting stems than the
treated plot (Fig. 3a). However, the overall density remained relatively stable for resprouting
stems; there were no major increases or decreases. The density of new stems on the untreated plot
was higher until seven months after initial cutting (Fig. 3b), implying that the increase in overall
stem density after seven months is due to the increased density of new stems. New stem density
increased with time, for both treated and untreated plots. Note the different scales in Figs. 3a and
b. The maximum density of resprouting stems overall was 10.2 stems m™, while the maximum

density of new stems was 32.2 stems m™.
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Fig. 2. Arundo donax stem density (stems m™) in plots treated and untreated with herbicide after
cutting, along the Disa River in Hout Bay. Total number of stems consists of both new growth

and resprouting growth, and varies at each data collection.
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4.2 Stem height

Resprouting stems had similar average heights for both treated and untreated plots, with the
untreated plot (Fig. 4a) having slightly higher average heights, as well as the few outlying taller
stems. Herbicide may therefore have a slight negative effect on height of resprouting stems (Fig.
4b). New stems on the untreated plot were significantly taller (p < 0.05) (almost three times
taller) than new stems in the herbicide-treated plot, from five months onwards (Figs. 5a and 5b).
Prior to five months’ growth, new stem height on the untreated plot was still taller than on the

treated plot (Fig. 6).
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Figs. 4a and b. Average height of resprouting Arundo stems in plots untreated (a) and treated (b)
with herbicide after cutting, along the Disa River in Hout Bay. Boxes represent the first and third
quartiles; the central box represents the mean; and whiskers represent minimum and maximum

values. Number of stems varies with each data collection.
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Figs. 5a and b. Average height of new Arundo stems in plots untreated (a) and treated (b) with
herbicide after cutting, along the Disa River in Hout Bay. Boxes represent the first and third
quartiles; the central box represents the mean; and whiskers represent minimum and maximum

values. Number of stems varies with each data collection.
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(Fig. 7a). There were no resprouting stems on the treated plot one month after initial cutting.
There was an obvious decrease in growth rate (in terms of height) over time for resprouting stems

Growth rate appeared similar for resprouting stems in plots treated and not treated with herbicide
on both treated and untreated plots. Growth rates of new stems were consistently higher on the

4.3 Stem growth rates

collection.
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untreated plot than on the treated plot (Fig. 7b). From months five to nine, the growth rates were

almost three times higher on the untreated plot.
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5. DISCUSSION

5.1 Density

Herbicide initially reduced density, height and growth rates of Arundo, but over time it stimulated
density. Increases in density will lead to increased fuel load (fire risk), reduced habitat quality for
indigenous animal species, and increased competition with indigenous plant species for
resources. If no herbicide is used in conjunction with cutting, then cutting must be avoided, since
it stimulates the growth of new stems. If herbicide for follow-up is limited, application of
herbicide can be concentrated on new growth (and not to previously cut and treated stems).
Herbicide provides a short-term management option, but without follow-up within six months,
stem density will increase. Without killing the rhizomes, they may continuously send up new

shoots regardless of the treatment.

5.2 Height
Herbicide effectively reduced the height of Arundo plants. Stands of treated Arundo were shorter

therefore follow-up treatment may be easier.

5.3 Growth rate
Fastest growth occurred in the months immediately following cutting. As height increased,

growth rate decreased. Herbicide reduced the growth rate of new stems.

5.4 Management implications

Mechanical control may be limited to smaller, younger patches of Arundo, where it may be
possible to remove the entire plant, rhizomes included. Tarping involves placing a cover or
tarpaulin (tarp) (usually transparent or black plastic sheeting) over the soil surface. Tarping can
be effective (Gaffney & Gledhill 2003) but is not practical in most conditions. Since Arundo can
grow through debris and shading (Else 1996), and through warm soil after fire (personal
observation), the intended effects of darkness and heat beneath the tarpaulin are not likely to be
significantly effective. Tarping is expensive and difficult to do on steep banks (Gaffney &
Gledhill 2003). Preliminary investigations into tarping as a potential control for Arundo as part of
this study were unsuccessful. Within weeks the plastic sheeting was torn and subsequently

missing, and time did not allow for this part of the experiment to be restarted.
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Integrated control is the best option for managing large stands of Arundo. To adequately and
effectively control Arundo populations, herbicide must be used to some extent. There is growing
opposition to the use of herbicides in invasive species management because of the potential
effects on non-target species, soil and water. The effects of herbicide are small when compared to
the long-term environmental damage (and subsequent economic costs) of Arundo (Bell 1997,
Monbheit 2003). Careful application using a paintbrush ensures application only to target species
and no spillage, but is not viable for large expanses of Arundo since it is labour-intensive and
time-consuming. Chemical foliar spray is largely ineffective, wasteful and has effects on non-
target species and ecosystems. Cut-resprout-spray is the most effective method used in the USA
(US EPA 1997), and can be used in areas where Arundo stands are extensive, and further from

indigenous vegetation, streams and human settlements.

6. LIMITATIONS

Individual stems should possibly have been marked and monitored. Because of the changing
number of new stems, the averages were skewed and not really and indication of the changing
structure and growth of the stand or site. A lack of suitable study sites (secure and safe) hampered
the experimental design and analysis of results. Results mentioned in this research should be used
with caution, and the experiment repeated in more habitats with more replicates. It may be useful
to perform the experiment in other provinces with a different climate. The measured growth of

Arundo may be due to seasonal changes as well as the impact of herbicide and cutting.
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CHAPTER 3

FUEL PROPERTIES AND POTENTIAL FIRE BEHAVIOUR IN
COMMUNITIES DOMINATED BY AN INDIGENOUS AND AN INVASIVE
ALIEN REED SPECIES
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1. SUMMARY

1.

Arundo donax is a highly productive invasive alien species that produces large quantities
of above-ground biomass (up to 47 tons ha™ in this study). High biomass can increase fuel
loads in fire-prone communities. Arundo is highly flammable throughout most the year
and causes significant fire hazards in the USA by increasing fire frequency and intensity.
Arundo may increase fire intensity of invaded areas in South Africa.

Estimates of the biomass of Arundo and indigenous Phragmites australis were used to
develop fuel models. Those were then used along with environmental scenarios to predict
fire behaviour, to estimate whether invasion by Arundo alters natural fire behaviour. The

BehavePlus fire behaviour modelling system was used.

. Arundo had 4.5 times more biomass than Phragmites. Phragmites had a higher proportion

of dead material (50 %) than did Arundo (16.5 %).

BehavePlus predicted that stands of Phragmites burn at higher intensities (12 700 kW
m™") than stands of Arundo (72 kW m™), and that fires would spread more rapidly through
Phragmites (86 m min™) than through Arundo (2 m min™), despite lower fuel loads in
Phragmites. This indicates that invasion by Arundo is likely to decrease fire intensity and
rates of spread. This is probably because the arrangement of fuel (packing ratios) and high
proportion of live fuels in stands of Arundo are not conducive to spreading fire, despite
higher fuel loads.

The fire behaviour model may have incorrectly predicted fire behaviour since it could not
adequately accommodate tall vegetation (limit 3.05 m), did not take into account that
some species such as Arundo may be flammable when green, and did not simulate fire
behaviour under extreme weather conditions well. However, less dry material in Arundo
stands may have been the main factor in predicting reduced fire intensity and rates of
spread.

Arundo is highly flammable and has the potential to alter natural fire regimes in South
African ecosystems. Other fire behaviour predication models must be tested or developed

to accurately predict fire behaviour of Arundo.
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2. INTRODUCTION

2.1 Biological invasions

Biological invasions are the second highest threat to biodiversity, after direct habitat destruction
(Wilcove et al. 1998; Walker & Steffen 1999). Globally, invasive alien species have out-
competed indigenous species for resources and space, changed fire and water regimes, and
altered soil nutrient status (Macdonald et al. 1989; Cronk & Fuller 1995). Biological invasions
have also altered ecosystem processes such as production, decomposition, and nutrient cycling,
mostly as a result of structural and compositional changes made to ecosystems (D’Antonio &

Vitousek 1992; Binggeli et al. 1998).

Invasive alien species alter ecosystem structure by differing from indigenous species in height,
biomass and nutrient content, among others. They usually have greater biomass and growth rates
than the indigenous species they replace (van Wilgen & Richardson 1985). Above-ground
biomass determines fuel properties (Brooks et al. 2004), hence, fuel tends to be greater where
there is greater biomass and productivity. Invasion of new species may alter fuel properties and
fire behaviour of an ecosystem. Greater flame lengths, higher temperatures and greater heat
release have all been recorded or predicted for alien shrubs and trees invading various vegetation
types (van Wilgen & Richardson 1985; Lippincott 2000). Altered fuel loads, fuel properties and
fire behaviour potentially increase fire hazards (Brooks et al. 2004). In South Africa, and recently
in the Western Cape, fires are the cause of environmental, economic and social losses. van
Wilgen & Scott (2001) report that alien invasive plants were responsible for increasing fuel loads

over most of the areas that burned on the Cape Peninsula in January 2001.

2.2 Fire

Fire is a natural phenomenon and an important disturbance process necessary for the functioning
of many ecosystems (Agee 1993; Bond & Keeley 2005). Fire can also have negative impacts on
ecosystems. When fire and invasive alien species occur together in an area, their effect is

synergistic, and the threat to ecosystems’ integrity and sustainability becomes much more serious

(van Wilgen et al. 1990; D’ Antonio & Vitousek 1992).

In general, fires in stands of invasive species are of higher intensity and/or frequency than those

to which indigenous ecosystems are adapted (e.g. cheatgrass Bromus tectorum), but sometimes
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the presence of alien invasive species may decrease fire frequency and intensity (e.g. diffuse
knapweed Centaurea diffusa) (Harrod & Reichard 2001). Fire may alter the relative abundance of
plant species (Vila et al. 2001) by killing existing plants or causing them to resprout, by
stimulating germination, or by eliminating competition (Hobbs & Huenneke 1992; Brooks et al.
2004). Fire-modified ecosystems most often favour fire-adapted species or create opportunities
for other species to colonise or expand their distribution into previously filled niches (Agee
1993). Many invasive alien plant species are well suited to disperse rapidly into disturbed
ecosystems and persist under altered disturbance regimes (D’ Antonio et al. 1999). If the changes
to fire regimes consequently support and promote the dominance of the invaders, then an
‘invasive plant - fire regime’ cycle can be established (Brooks et al. 2004). Grass-fire feedbacks
have been documented in many parts of the world (Mack & D’Antonio 1998). In the western
USA, grass-fire feedbacks are responsible for the conversion of mixed vegetation to stands of
introduced annual grasses (Whisenant 1990). In Hawaii Volcanoes National Park, both fire
frequency and extent have increased since grass invasion (Smith & Tunison 1992), and in
seasonal submontane woodlands, fires have promoted the spread and increased the density of
introduced grasses (Hughes et al. 1991). Similarly, in South African fynbos, fires are thought to
stimulate germination and facilitate the establishment of new stands of invaders (Holmes et al.

1987).

2.3 Arundo donax

Arundo donax L. (hereafter referred to as Arundo) is a grass species that is invasive in many parts
of the world. It originated and spread from the Indian sub-continent (Bell 1997), and today
invades many sub-tropical and Mediterranean-type regions of the world (Herrera & Dudley
2003). Arundo is usually associated with rivers that have been physically disturbed or dammed,
but it can colonize within undisturbed indigenous stands of species (Dudley 2000). Arundo is an
important invasive species in South Africa, from an economic and ecological perspective, and it
has the potential to invade more than a million hectares of the fynbos biome (Rouget et al. 2004).
Arundo is a national problem because it poses a threat to water security for South Africa (Wells et
al. 1980). It invades mainly along rivers, where its impact may include reduced richness and

diversity of indigenous species, and possible increases in fire intensity (Milton 2004).

Arundo is highly productive and produces large quantities of above-ground biomass (up to 20 tons

dry mass per hectare) (Perdue 1958). Arundo is highly flammable for most of the year (Scott
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1993); even green stems are flammable (Bell 1993). In California, Arundo increases the fuel
available for fires (Coffman et al. 2004). High productivity rates and flammability throughout the
year increase the probability of unseasonal and higher intensity fires (Scott 1993). Arundo has
changed ecosystem processes in some Californian riparian areas from flood-regulated to fire-
regulated (Rieger & Kreager 1989; Bell 1997). The spread of Arundo is also accelerated by fire:
fire clears away indigenous and other vegetation, and the remaining fire-adapted Arundo rhizomes
easily resprout without competition for resources. New Arundo shoots appear within days after a
fire (Coffman et al. 2004; personal observation). Increased fire frequency due to Arundo creates a

positive feedback, contributing to further invasion success of Arundo (Coffman et al. 2004).

2.4 Phragmites australis

Phragmites australis (Cav.) Trin. ex Steud. (hereafter referred to as Phragmites) is a reed species
indigenous to South Africa, also occurring in the USA. It is a cosmopolitan species, considered to
be the most widely distributed reed species in the world (Bird 1962). Phragmites is similar in
appearance to Arundo, usually only when young. Mature Arundo is taller, with larger leaves and
thicker, stronger stems. It is also a large clonal grass species, and reaches heights of two to six
metres. Phragmites reproduces mainly by vegetative reproduction, from its rhizomes (Ekstam
1995), which can reach a depth of one to two metres (Burdick et al. 2001). It is a C; species
although its photosynthetic rates resemble that of a C, species (Antonielli et al. 2002). It is
tolerant to climate, altitude (Welsh et al. 1987), disturbance and invasion by other species (Duke
1983; Meyerson et al. 2000). Phragmites usually grows in open wet areas, along streams,

marshes, ditches and roadsides (Meyerson et al. 2000).

2.5 Fuel models

The fuel properties of vegetation influence the occurrence, nature and effects of fires to a large
degree (van Wilgen & van Hensbergen 1992). Different vegetation types can have quite different
fuel properties (Rundel 1981; van Wilgen et al. 1990). Dominant species are described in terms
of fuel types in order to predict possible fire scenarios using fire behaviour models (Vila et al.
2001). Fuels are categorised according to the fuel load and fuel particle size classes (Anderson
1982). Where total above-ground material is referred to as phytomass, specific distinctions are
being made between live (biomass) and dead (necromass) material. Where biomass is mentioned
without distinctions into phytomass and necromass, it is in fact referring to phytomass, total

above-ground material (live + dead). BehavePlus is the successor to the BEHAVE fire behavior
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prediction and fuel modelling system (Burgan & Rothermel 1984; Andrews & Bevins 2003).
BehavePlus uses site-specific input to predict fire behaviour parameters such as fire spread rate,
fireline intensity and flame length under stated climatic conditions at a point in time (Andrews &

Bevins 2003).

This study determined whether invasion by Arundo would alter fuel loads and subsequently fire
behaviour of an ecosystem. Fuel models for Arundo and Phragmites, and subsequent predicted

fire behaviour, are compared under different climatic conditions for the Western Cape.

3. METHODS

3.1 Study areas

The Western Cape of South Africa has a Mediterranean-type climate: warm, dry summers and
wet, temperate winters. Rainfall varies from 200 to 2 000 mm per year, and falls mainly during
the winter months. Strong south-easterly winds blow primarily during summer, from November
to February. The study was undertaken in the lower reaches of two rivers in the Western Cape:
the Disa River in Hout Bay and the Eerste River on the Spier Wine Estate in Stellenbosch. The
Disa River runs through Hout Bay, a coastal town about 11 km from Cape Town. The lower
reach is characterised by a broad floodplain and most of it falls within residential or commercial
zoning. The area between the Victoria and Princess Road bridges constitutes the first study site.
The Disa River is heavily disturbed and impacted on by agriculture, residential and light
industrial wastewater, and formal and informal development. Arundo stands on the site are dense
and extensive, and span the entire distance between the two bridges, with fewer and less dense
clumps upstream. Arundo is annually cleared by the town council along this stretch of land, along
one riverbank for safety, aesthetic and flood prevention purposes (I. Crowster pers. comm.).
However, the untreated biomass is then mostly left on the banks or piled slightly away from the

original site (personal observation).

The Eerste River is one of three rivers on the Spier Wine Estate. It is heavily impacted and
polluted along most of its course. It flows through the town of Stellenbosch and is exposed to
urban pollution and waste. This second study site, on the Spier Wine Estate, is surrounded by

agricultural, grazing and open land. The public have little or no access to this site since it is a
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privately owned enterprise. The Arundo stand at this site is extensive, but there appears to be only
one major stand, spanning a distance of 300 — 400 m. Smaller clumps of Arundo exist in other
locations along the river. Many other invasive plants are present along the river. There has been

little other disturbance, except for some minor mowing or grazing around the site.

3.2 Data collection

Above-ground biomass of Arundo and Phragmites was collected from the sites. Phragmites
biomass was collected from Hout Bay, and Arundo biomass was collected from Hout Bay and
Spier. Five plots of 2 m x 2 m within a stand of the dominant species were selected per river (i.e.
five plots of 2 m x 2 m for Arundo at the Disa and Eerste Rivers, five plots of 2 m x 2 m for
Phragmites at the Disa River) (Table 1). At each plot, all the aboveground Arundo and
Phragmites biomass was clipped to ground level and collected. This biomass was divided into
dead and live material. Dead material was separated into size classes of smaller (1 hour fuel®) or
larger (10 hour fuel®) than 6 mm in diameter. Branches smaller than 6 mm in diameter were
clipped off stems and added to the smaller size class. In each size class (1 h and 10 h) and
category (dead or live), the stems were counted and measured, and the biomass weighed. From
each of these fifteen plots, leaf and stem samples per size class and category were used to
determine moisture content and total dry mass. These samples were collected between 11h00 and
13h00 and stored in cool conditions in sealed ziplock bags until they could be analysed. Monthly
leaf samples were collected of Arundo and Phragmites from the Disa River site, in order to
determine monthly leaf moisture content (live herbaceous moisture content). Heat content (KJ
kg') of Arundo and Phragmites were determined using bomb calorimetry analysis on leaf

samples.

* Dead fuels are divided into moisture time-lag classes based on rates of moisture loss. Smaller diameter fuels (0 to 6
mm) lose moisture faster during a fire than do the larger diameter fuels (25 to 75 mm). Standard classes used to
partition dead fuels based on diameter are: 1 hour (0-6 mm), 10 hour (6-25 mm) and 100 hour (25-75 mm) (Deeming
and Brown, 1975). Fuels of diameter less than 6 mm lose moisture within 1 hour, and fuels of diameter greater than 6
mm tend to take upwards of 10 hours to lose moisture.
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3.3 Laboratory analysis

Leaf samples to determine moisture content were dried in an oven at 60 - 70° C in paper bags for
24 hours. The samples were weighed before and after drying, and percentage moisture content
was determined per leaf sample. Leaf and stem biomass samples were dried in paper bags for 24
hours at 60 — 70 °C. The samples were weighed before and after drying, and percentage moisture

content was determined per size class and category. Percentage moisture content was used to

determine total biomass and dry mass.

Table 1. Location of plots of Arundo and Phragmites at Hout Bay and Spier.

Plot Arundo Plot Arundo Plot Phragmites
number (Hout Bay) number (Spier) number (Hout Bay)
Al S 34°01'57.6" A6 S 33°59'14.7" P1 S 34°01'49.9"
E 18°21'13.0" E 18°47'36.9" E 18°21'15.7"
A2 S 34°02' 02.8" A7 Sr3gfirsaten P2 S 34°01'49.3"
E 18°21'13.3" E 18°47' 37.7" E 18°21'15.9"
A3 S 34°02' 02.4" A8 S 333 SO11317" P3 S 34°01'50.7"
E 18°21'13.4" E 18°47'39.0" E 18°21'15.0"
A4 S 34°02'01.0" A9 SI3BRA 163" P4 S 34°01'51.6"
E 18°21'13.4" E 18°47'40.8" E 18°21'14.5"
AS S 34°02' 00.8" A10 S 33°59'12.6" P5 S34°01'51.8"
E 18°21'13.3" E 18°47'34.3" E 18°21'14.3"
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Fig. 1. Map of South Africa showing provincial boundaries. The study occurred in the Western

Cape province; study sites are marked with stars; nearby towns are marked with dots.
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3.4 Fuel model

The data were used in the BehavePlus fire behaviour modelling system (Andrews & Bevins
2003), and parameters set to determine fireline intensity and surface rate of spread for Arundo
and Phragmites. Table 2 presents fuel models for Arundo and Phragmites. Surface area to
volume ratios were determined by the estimation of 20 % leaf and 80 % stem contribution to total
fuel load. Along with the fuel models, environmental conditions of wind speed, slope, and
monthly moisture contents of both species were used in a fire behaviour prediction model to
determine surface rate of spread (ROS) and fireline intensity (FI). Wind speeds of 0 to 50 km h™'
(in 5 km h' intervals) and slopes of 0 degrees were used. Only live moisture content varies
throughout the year; these values were derived from monthly leaf samples. Biomass values may
differ slightly between those used for the fuel model and those stated as averages in general, since
different moisture contents were used - an average moisture content was used determining
biomass for the fuel model values, and separate moisture contents were used for biomass values

from different sites.

3.5 Statistical analysis

The Wilcoxon Rank Sum Test was used to determine whether there is a significant difference in
the biomass of Arundo at Hout Bay and Spier (between sites), and whether there is a significant
difference between the biomass of Arundo and Phragmites at Hout Bay (between species). It was
also used to determine differences in biomass between the species and the sites. One-way
ANOVA’s were used to determine significant differences between surface rates of spread and

fireline intensities per month per species.
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Table 2. Fuel models of Arundo and Phragmites collected from and measured at the Disa River in
Hout Bay and the Eerste River at Spier. Data were derived from five plots (plots size 4 m?) of

Arundo at Hout Bay and Spier (10 plots in total), and five plots of Phragmites at Hout Bay.

Arundo donax Phragmites australis

1-h fuel load (tons ha™) 0.7 (0.53) * 2.35
10-h fuel load (tons ha™) 6.17 (4.69) * 5.73
Live herbaceous fuel load (tons ha™') ® 37.70 (28.65) * | 8.24
1-h surface area : volume ratio (m*m™) 3365 3348

Live herbaceous surface area : volume

ratio (m’m") 2245 2662
Fuel bed depth (m) 4.03 (3.05) * 2.805
Dead fuel heat content (KJ kg™) 15929 16815
Live fuel heat content (KJ kg™) 15929 16815
Dead fuel moisture of extinction (%) 30 30

* The model allowed for a maximum fuel bed depth of 3.05 m. Arundo had a fuel bed depth of
4.03 m. To account for this, the fuel load and fuel bed depth were reduced by 24 % for the
packing density to be a true representation. The values in brackets are the reduced values used in
the fire behaviour prediction model. ¥ All live material was classified as live herbaceous fuel since

there was no live woody fuel.

4. RESULTS

4.1 Percentage moisture content

Arundo’s lowest moisture content (30 %) for live herbaceous material occurred in late autumn
(May 2005), increasing to maximum moisture content (380 %) in spring (October 2005),
reducing slightly to 250 % in early summer (November and December 2005) and increasing in

January to 300 % (Fig. 2). Phragmites’ lowest moisture content (30 %) occurred in late autumn
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(May 2005). Moisture during spring was around 230 - 250 %, decreasing in summer to between

160 and 200 %. Arundo has the higher moisture content in all months except May and August.

400 _:[_

300 | 1]
—~ E3
S
I= =3 % ==
g o L
c
S 200 | -I—
o T
>
E =
o
=

100 |

May July Aug Sept Oct Nov Dec Jan

‘ OArundo OPhragmites ‘

Fig. 2. Percentage moisture content taken from leaf samples of Arundo donax and Phragmites
australis between May 2005 and January 2006 (n = 2). Samples were taken from along the Disa

River in Hout Bay. Bars indicate minimum and maximum values.

4.2 Biomass

Total biomass of Arundo (average of 37.70 tons ha™) was 4.5 times higher than total biomass of
Phragmites (8.24 tons ha™'), suggesting that invasion by Arundo increases the biomass by 450 %
(Table 2). Arundo at Hout Bay had significantly higher biomass (average of 43.09 tons ha™) than
at Spier (27.76 tons ha™"). The value of live biomass largely influenced the value of total biomass.

Phragmites had a higher proportion of dead material to live material than did Arundo (Table 3).
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Table 3. Average phytomass, biomass and necromass (tons ha™) of Arundo and Phragmites at
Hout Bay and Spier. Average values were derived from five plots each for Arundo from Hout

Bay and Spier, and five plots for Phragmites at Hout Bay.

Phytomass Biomass | Necromass | Proportion

(live + dead) (live) (dead) live / dead
Arundo donax (Hout Bay) 47.00 43.09 3.91 13.90
Arundo donax (Spier, Stellenbosch) 36.95 27.76 9.19 3.02
Phragmites australis (Hout Bay) 16.07 7.99 8.08 0.99

4.3 Predicted fire behaviour

4.3.1 Surface rate of spread

Estimated surface rate of spread (ROS) decreased with increasing herbaceous moisture content.
ROS of fire through Arundo was highest (1.8 m min™") at wind speeds of 10 to 50 km h™', where
the live herbaceous moisture was lowest (Fig. 3a). The increase between 10 and 50 km h™ in
wind speed did not affect estimated ROS through Arundo. Estimated ROS of fire through
Phragmites was highest (86.3 m min™) at wind speeds of 30 to 50 km h”, where the live
herbaceous moisture was lowest (Fig. 3b). For Phragmites, the estimated ROS increased with
wind speed, and the maximum effect was gained at 30 km h™', after which increasing wind speed
had no effect. Estimated ROS of fire through Phragmites was much higher (17.0 to 86.3 m min™")
than through Arundo (maximum 1.8 m min"). Each month, Phragmites had significantly higher
estimated ROS values than Arundo (p < 0.05). Low herbaceous moisture content and high wind
speeds do not always correlate, but when they do, estimated ROS of fire will be greatest. Very
low moisture content (30 %) for Phragmites caused estimated ROS values of 0.6 to 86.3 m min™
(at different wind speeds), whereas average moisture contents of between 150 and 250 % caused
ROS values of 0.04 to 2.2 m min"'. Estimated ROS values did not vary as much between
moisture contents for Arundo. Once the outlying estimated ROS value for Phragmites (May) was

removed, estimated ROS averages were much lower (Fig. 4).
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Figs. 3a and b. Maximum estimated surface rate of spread of fire relative to live herbaceous
moisture content in stands of invasive Arundo (a) and Phragmites (b), at various midflame wind
speeds. The thick line indicates the surface rate of spread of fires at maximum influential wind
speeds of 10 and 30 km h™', respectively. The narrow and dotted lines are marked and represent
surface rate of spread of fire at different wind speeds. Herbaceous moisture content is based on
monthly sampling of Arundo and Phragmites along the Disa River in Hout Bay. BehavePlus fuel
model input data in Table 2.
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Fig. 4. Average estimated surface rate of spread of fire through Arundo and Phragmites during
different months of the year. Monthly values are associated with monthly moisture contents
collected from Arundo and Phragmites along the Disa River in Hout Bay. Values are averages of
surface rate of spread at wind speeds of 0.0 to 50.0 km h™'. BehavePlus fuel model input data in

Table 2. Estimated rate of spread value of Phragmites for May removed (outlier).

4.3.2 Fireline intensity

Estimated fireline intensity (FI) decreased with increasing herbaceous moisture content.
Maximum estimated FI in Arundo (71.9 kW m™) occurred at wind speeds of 10 to 50 km h',
where the live herbaceous moisture was lowest (Fig. 5a). The increase in wind speed between 10
and 50 km h™' had no effect on estimated fireline intensity. Estimated FI in Phragmites increased
with increasing wind speed (Fig. 5b). The maximum estimated FI (12 700 kW m™") was attained
at 30 km h™' wind speed. Increasing the wind speed to 50 km h™ had no more effect than at 30 km
h'. Estimated FI values for Arundo ranged from 0.4 to 71.9 kW m™'. Estimated FI values for
Phragmites ranged from 1.4 to 12 702 kW m™. Very low moisture content (30%) for Phragmites
resulted in estimated FI’s of between 91.7 and 12 702.1 kW m™, whereas average moisture

contents of between 150 and 250 % resulted in estimated FI’s of 1.4 to 84.8 kW m™'. Estimated FI
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values for Arundo did not vary as much between the lowest moisture content and higher moisture
contents. Once the outlying estimated FI value for Phragmites (May) was removed, estimated FI
averages were much lower (Fig. 6). Each month, estimated FI values were significantly higher for
Phragmites than for Arundo (p < 0.05). Very low moisture contents increased the estimated FI in
Phragmites exponentially. Both estimated rate of spread (Fig. 4) and estimated fireline intensity
(Fig. 6) in Arundo were highest in May, after which they were reduced by more than half for
August. The values were even lower for the period September to January, each month having had
similar values. Estimated rate of spread and fireline intensity in Phragmites were highest in

August, decreasing every month until the lowest value in January.

51



80

Midflame Wind a
Speed (upslope) (km
h™
4~ 60
IS
=
<
2
% 40
€ 10.0
= 5.0
(O]
£
I
T o9 L
0.0
0 ------------------ f o= = = = === momle e == - e A= === -
0 50 100 150 200 250 300
Live herbaceous moisture content (%)
15000
12000 : : b
a Midflame Wind
£ Speed (upslope) (km
= 1
= )
> 9000
D
c
i)
£
2 6000
2
i
3000
0
0 50 100 150 200 250

Live herbaceous moisture content (%)

Figs. 5a and b. Estimated fireline intensity of fire relative to live herbaceous moisture content in
stands of invasive Arundo (a) and Phragmites (b), at various midflame wind speeds. The thick
line represents the fireline intensity at maximum influential wind speeds of 10 and 30 km h™,
respectively. The narrow and dotted lines are marked and represent fireline intensity at different
wind speeds. Herbaceous moisture content is based on monthly sampling of Arundo and

Phragmites along the Disa River in Hout Bay. BehavePlus fuel model input data in Table 2.
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Fig. 6. Average estimated fire intensity through Arundo and Phragmites during different months
of the year. Monthly values are associated with monthly moisture contents collected from Arundo
and Phragmites along the Disa River in Hout Bay. Values are averages of estimated fireline
intensity at wind speeds of 0 to 50 km h™'. BehavePlus fuel model input data in Table 2.

Estimated fireline intensity value of Phragmites for May removed (outlier).

5. DISCUSSION

5.1 Percentage moisture content

It is counter-intuitive that Arundo had the highest moisture content during summer, which is the
dry season in the Western Cape, and the lowest moisture content during the rainy season.
However, since Arundo is a user of soil water, rather than being dependent on rainfall, the results
were not that unexpected or abnormal. Arundo may present an unseasonal fire hazard, during wet
winter months, when vegetation moisture content is at its lowest. During winter there are
occasionally hot days, and should a fire break out under these conditions, Arundo would possibly

burn at higher intensity.
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5.2 Biomass

Total and live biomass in stands of Arundo was significantly higher than total and live biomass of
Phragmites. Dead biomass (or dry material) was lower in stands of Arundo. Dead biomass is
most important when determining a fuel model, because it promotes burning. Arundo therefore
effectively has a smaller fuel load than Phragmites. Should Arundo replace Phragmites in the
Western Cape of South Africa, the ecosystem would have increased amounts of live herbaceous
material, with the implied reduction in fire risk. Arundo has more than twenty times more live
biomass than fynbos communities, and about five times more total biomass (Table 4). It has
similar amounts of dead biomass, but the proportions are different. In fynbos communities, dead
material constitutes 65 % of the total material, whereas in Arundo-dominated communities, dead
material constitutes only 8 % of the total material. Arundo has great potential to invade fynbos
systems (Rouget et al. 2004), increasing overall biomass. If Arundo were to accumulate more dry
material, it would increase fuel loads of fynbos systems, with the accompanying increases in fire

intensity and rate of spread.

5.3 Predicted fire behaviour

Fire behaviour is related to moisture content — increased rate of spread and intensity occur when
vegetation is driest. According to the model, Phragmites will burn with greater intensity and fire
will spread more rapidly in stands of Phragmites than in Arundo. Arundo does not appear to be
increasing the fire potential of ecosystems in the Western Cape. The model predicts that Arundo

will likely suppress fire behaviour of riparian ecosystems where it replaces Phragmites.

The differences between predicted fire behaviour in Arundo and Phragmites are probably due to
Phragmites having considerably more dry material within its stands than Arundo. Phragmites
generally accumulates a lot of dead material within stands (Haslam 1972). The fuel model does
not take into account the full height of Arundo, which is taller than Phragmites, and may relate to
discrepancies in fuel packing densities. The fire behaviour prediction is also based on physical
and not physiological aspects of the individual species, such as potential volatile oils within the

leaves.

Fire behaviour of Arundo is site-specific. In northern and drier areas of the country, which receive

summer rainfall, Arundo may present a greater winter fire hazard. Low moisture content of
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Arundo combined with low rainfall (or dry season) would present the greatest fire risk.

Unseasonal fires would put other species at risk.

Table 4. Average live, dead and total biomass (tons ha') of mature indigenous fynbos
communities in the Western Cape (adapted from van Wilgen 1984). Arundo-dominated
communities are compared with indigenous fynbos and Phragmites-dominated communities.
Arundo values were derived from 10 plots (five from Hout Bay, five from Spier), and Phragmites

values are derived from five plots (Hout Bay).

Phytomass Biomass | Necromass Proportion
(live + dead) (live) (dead) live : dead
Fynbos (Kogelberg) 7.15 3.24 3.91 0.81
Fynbos (Jonkershoek) 17.24 2.94 14.30 0.20
Fynbos (Jakkalsrivier) 10.47 7.78 2.69 2.84
Fynbos (Cape Peninsula) 9.78 1.78 8.00 0.23
Average fynbos 11.17 3.94 7.23 0.50
communities
Average Arundo 41.96 35.42 6.54 5.41
communities
Average Phragmites 16.07 7.99 8.08 0.99
communities

Arundo creates a fire hazard and risk in other parts of the world, especially California (G.
Coffman pers. comm.). In California, more dry material accumulates within stands of Arundo.
Although California and the Western Cape both have a Mediterranean climate, California is
colder and drier (Cowling et al. 1996), with an average rainfall of 300 — 450 mm per year, which
falls mostly between January and March. The Western Cape of South Africa receives 200 — 2 000
mm rainfall per year, falling mostly between May and September. Since Arundo is sensitive to
extreme cold (Samuels et al. unpublished data), more biomass dies off, and more dead material
accumulates within the stands. In the northern provinces of South Africa, such as Gauteng, where
it is colder than the Western Cape, there may be more dry biomass accumulating, presenting a

greater fire hazard than Arundo presents in the Western Cape. Under extreme conditions, invasive
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plants could increase fire hazard and fire intensity (van Wilgen & Richardson 1985). In areas
where there are extreme cold periods, and /or drought, Arundo would present a greater fire hazard

than other areas where it is invasive.

5.4 Management implications

Fire behaviour model predictions are not always accurate. In general, fire behaviour models were
designed with woody species in mind, which have different ecology and physiology to grass
species. Invasive alien plants in general increase the fuel load of natural areas by 50 to 1 000 %;
consequently increasing the fire hazard to property, life and the environment (Macdonald et al.
2004). Invaders such as Hakea sericea are thought to promote fire in South African fynbos,
because they increase increase fuel loads and decrease herbaceous fuel moisture, but simulated
fire spread rates were lower than in uninvaded shrubland due to differences in fuel-packing
density (van Wilgen & Richardson 1985). Sites invaded by Acacia saligna also had higher fuel
loads, but fuel moisture was greater, lowering the overall predicted fire spread and intensity (van
Wilgen & Richardson 1985). Similarly, Arundo increased the biomass by 450 %, but simulated
fire behaviour was less severe than in Phragmites stands. If Arundo biomass were to dry out, from
cold or drought, or if stems were cut and piled (as a control method) the moisture content would
reduce drastically, making Arundo more flammable. Piled or spread out biomass of Arundo

creates a fire risk.

Fire behaviour model predictions should not be valued over practical experience and common
sense. They are beneficial and useful where the fire behaviour and ecology of a species is well-

known. Fire behaviour prediction models cannot be applied to all plant species.

6. LIMITATIONS

The fuel model does not take into account the height of Arundo, and as a result the packing
density may have been incorrect, affecting predicted fire behaviour. It does also not take into
account that some species are flammable when green. The fire behaviour model is usually applied
to woody or annual grass species, and does not appear suitable for simulating conditions within
stands of Arundo. Models require testing in order to validate them. Sampling intensity and

duration could be increased. Biomass changes seasonally for many species, so it may also be
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useful to measure biomass of Arundo and Phragmites at different seasons, although the methods

are destructive.
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CHAPTER 4

A COMPARISON OF PLANT SPECIES DIVERSITY ASSOCIATED WITH
INVASIVE ARUNDO DONAX AND STRUCTURALLY SIMILAR
INDIGENOUS SPECIES IN SOUTH AFRICA
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1. SUMMARY

1.

Biodiversity has a large influence on ecosystem processes, and consequently, ecosystem
processes are essential to maintaining biodiversity. Plant community composition and
dominant species drive ecosystem processes. Changes in plant composition and diversity
affect therefore ecosystem functioning. Studies have shown that Arundo donax is an
invasive species that reduces indigenous plant and animal species diversity. This study
sought to establish the degree to which Arundo altered plant species diversity in Western
Cape ecosystems.

I compared plant species data of communities dominated by Arundo with that of similar
sites dominated by indigenous Phragmites australis and Typha capensis. Species
richness, evenness, frequency, cover and height were compared. Plot similarity was
estimated using TWINSPAN and PRIMER-e.

Arundo, Phragmites and Typha were dominant species in their communities in terms of
height and cover. Each community had different associated species despite similar
habitats.

Arundo-dominated communities had highest species richness (0.33 species m?™);
Phragmites-dominated communities had 0.19 species m? and Typha-dominated
communities had 0.24 species m™~. Arundo-dominated communities had lowest average
cover of 58 %; Phragmites-dominated communities had 72 % cover, and Typha-
dominated communities had an average of 65 % cover.

Seventy per cent of the species associated with Arundo were alien species, compared to an
average of 62 % under indigenous reeds. Arundo may be facilitating the establishment
and spread of other invasive alien species.

Research was limited by the lack of undisturbed sites in habitats similar to those
dominated by Arundo for use in comparison of invaded / uninvaded sites.

Arundo is a threat to indigenous plant species, because it has the capacity to outcompete

and replace them, possibly increasing the alien species richness of the community.
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2. INTRODUCTION

2.1 Biodiversity

Biodiversity broadly consists of the physical and functional components of ecosystems, and
includes species, populations, their interactions and the services and functions they perform or
bring about (Coleman & Whitman 2005). The primary attributes of ecosystems are their
composition, structure and function (Franklin et al. 1981). Composition has to do with the
identity and variety of elements in an ecosystem (such as species diversity, richness and identity);
structure is the physical organisation of an ecosystem (such as the biomass or size of elements
within an ecosystem); and ecosystem functions are the ecological or evolutionary processes
taking place (Franklin et al. 1981; Noss 1990). Each attribute is dependent on the others, so that

impacts on structure or composition, for example, will affect function.

2.2 Plant species composition

Plant community composition depends on diversity, richness and the identity of plant species
present. It has been suggested that plant community composition and dominant species drive
ecosystem processes (Grime 1997; Sankaran & McNaughton 1999), but the link between species
diversity and ecosystem function is not one that all scientists agree upon. Some argue there is no
clear link (Vitousek & Hooper 1993); while others argue that more diverse ecosystems are more
capable of supporting ecosystem functions (Ehrlich & Ehrlich 1992). Most ecologists assume that
the two are intimately linked (Hobbs et al. 1995) and that changes in plant composition and
diversity affect ecosystem functioning to some extent (Tilman et al. 1997; Hooper et al. 2000;
van der Putten et al. 2001; Zak et al. 2003). Changes in plant species composition can alter the
abiotic environment (soil chemistry, water flow and fire), as well as the biotic environment
(invertebrates, decomposer organisms, arthropods and bird species richness and diversity)
(Ehrenfeld 2004). Richardson et al. (1995) and Coleman & Whitman (2005) believe that it is the
functional types and their differences that drive and affect ecosystem functioning, rather than the
species. Species identity is also in some cases a critical aspect in determining biodiversity, and

hence in assessing ecosystem functioning (Hooper & Vitousek 1998).

Plant interactions (such as facilitation or competition) have complex influences on plant species
distribution and abundance (Callaway & Walker 1997). Competition is a major factor in

determining the composition of plant communities (Grime 1979). The competitive ability of a
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plant relative to others is usually a good predictor of its abundance in a plant community (Groves
et al. 2003), and the more abundant a species is within a community, the greater its effects on the
community will be (Grime 1998). More competitive species are likely to have greater effects on

the community.

2.3 Disturbance

Disturbances generally have long-lasting consequences on the ecosystem (Thompson et al. 2002),
which are reflected in the species composition and richness of most plant communities (Roem &
Berendse 2000). Many alien species need disturbances to open niches for them to invade.
Disturbances such as fire and eutrophication enhance the competitive ability of some species over
others (Newman et al. 1996), and may cause changes in plant species diversity, often resulting in
a loss of biodiversity (Moore et al. 1989). Variations in disturbance regime (intensity or
frequency) can affect overall ecosystem and community structure, functioning and species

composition (Hobbs & Hueneke 1992).

2.4 Invasive alien species

Invasive alien plant species affect all attributes of biodiversity: ecosystem functions (Vitousek &
Walker 1989; Mack et al. 2001; Ehrenfeld 2003), composition (Richardson & van Wilgen 1992;
Dukes & Mooney 2004; Brown & Gurevitch 2004), and structure (Gratton & Denno 2005).
Invasive alien plants affect plant species composition of a community via the alteration of
disturbance regimes (D’Antonio & Vitousek 1992), allelopathy (influence the growth and
development of neighbouring plants by the addition of chemical compounds to the environment)
(Gentle & Duggin 1997; Lavergne et al. 1999), competition (removal or reduction of resources
such as nutrients, water and light, from the environment) and facilitation (promoting survival and

establishment of other alien species (Simberloff & Von Holle 1999)).

2.5 Arundo donax

Arundo donax L. (Poaceae) (hereafter referred to as Arundo) is an invasive reed species. Arundo
belongs to the Arundineae tribe, along with Phragmites species (Renvoize 1980) and is
indigenous to the Indian sub-continent (Bell 1997). Arundo is a hydrophyte, growing along lakes,
streams, drains, and other wet sites (Bell 1997), but it does not need a constant supply of water,
and can grow on drier banks and roadsides. Arundo is a perennial C; grass species (Rossa et al.

1998). It usually grows in large stands many metres wide, and contains hundreds of stems per
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stand (Spencer et al. 2005). Stems may reach 10 metres in height (Dudley 2000). Reproduction
occurs almost entirely from rhizomes and stem fragments (Boose & Holt 1999). Arundo rapidly
colonises disturbed areas, and dominates riverbanks and estuaries (Dudley and Collins 1995).
Arundo outcompetes and replaces indigenous riparian plants, reducing the value of riparian
habitats and resources for indigenous fauna (Bell 1997). Arundo has in some arcas begun
replacing Phragmites australis (Grace et al. 2001; R. Knight pers. comm.). Gaffney & Gledhill
(2003) report a reduction in vegetative structure and diversity, and an increased abundance of
other alien plants associated with Arundo presence. It has altered plant species diversity and
composition, and has reduced invertebrate, arthropod and avian species richness in some
ecosystems (Dudley 2000; Herrera & Dudley 2003). The effects of Arundo on biodiversity are
partly due to its large size and rapid growth rate (Milton 2004).

2.6 Phragmites australis and Typha capensis

Phragmites australis (Cav.) Trin. ex Steud. (Poaceae) (hereafter referred to as Phragmites) is also
a large clonal C; grass species, reaching heights of two to six metres (Pearcy et al. 1974). It has a
similar appearance to Arundo when young, but once the plants are mature, there are distinct
differences, especially noticeable during winter months, when Phragmites turns brown and loses
most its leaves (personal observation). Arundo mostly remains green (although some shades
lighter) and retains most of its leaves. Phragmites is also shorter on average, with many more
stems per area than Arundo (preliminary investigations). Phragmites reproduces mainly by
vegetative reproduction, from its rhizomes (Ekstam 1995), which can reach a depth of one to two
metres (Burdick et al. 2001). It is considered to be the most widely distributed reed species in the
world (Bird 1962). It is tolerant to climate, altitude, flooding, frost, high pH, salt, a wide range of
soils, and invasion by alien species (Welsh et al. 1987; Meyerson et al. 2000). Phragmites
usually grows in open, wet areas, along streams, marshes (Meyerson et al. 2000), ditches, and

roadsides (Chambers 1997).

Another indigenous species occurring within similar habitats in South Africa is Typha capensis.
Typha capensis Rohrb. (Typhaceae) (hereafter referred to as Typha) is an indigenous bulrush
species found in wetter environments, usually wetlands or lower riparian reaches. It is distinctly
different in appearance from Arundo and Phragmites. It produces narrow, tapering fleshy blades
from the base of a thick stem (Farnsworth & Meyerson 2003), and is green throughout the year.

In common with Arundo and Phragmites is its capacity to form monocultures (Linde et al. 1976),
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resprout from rhizomes (Farnsworth & Meyerson 2003), and become invasive in some areas,

especially in California, USA (Morton 1975).

In this study, I examined three dominant riparian plant species, one invasive and two indigenous,
occurring within the same or similar riparian habitats. They have similar growth forms with
vegetative reproduction via rhizomes. They are all Cs; species, with high growth rates and
capacity to form ‘monocultures’. Species diversity is estimated to be low within communities
dominated by these species. Arundo is reported as reducing the plant species diversity within
communities it dominates. Comparisons were made of plant species diversity with communities

dominated by Arundo, Phragmites and Typha.

3. METHODS

3.1 Study areas

Selection of study sites was based on the presence of at least two of the dominant target species
within 20 m of each other, in dominant or near-monoculture stands. Arundo, Phragmites and
Typha generally occur in lower reaches of rivers. The study sites were within the lower reaches of
three rivers in the Western Cape of South Africa: the Disa River in Hout Bay, the Eerste River on
the Spier Wine Estate outside Stellenbosch, and the Silvermine River, downstream of the
Silvermine Nature Reserve (Fig. 1). The Disa River runs through Hout Bay, a coastal town about
11 km from Cape Town. The area between the Victoria and Princess Road bridges constitutes the
first study site. Residential development, agricultural use, invasive alien plants, and modifications
to river geomorphology have seriously impaired the downstream reaches of the river. The Disa
River was formerly a braided river system dominated by extensive stands of indigenous palmiet
Prionium serratum. Arundo and Phragmites occur at this site. Arundo stands are dense and
extensive, and span the entire distance between the two bridges, with fewer and less dense
clumps upstream. The Eerste River is one of three rivers on the Spier Wine Estate. It is heavily
impacted and polluted along most of its course. It flows through the town of Stellenbosch and is
exposed to urban pollution and waste. This study site is surrounded by agricultural, grazing and
open land. This site is privately owned. The Arundo stand at this site is extensive, but there
appears to be only one major stand, spanning a distance of 300 — 400 m along the river. Smaller

clumps of Arundo exist in other locations along the river. Many other invasive alien plants are
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present along the river. All three dominant species are located at this study site. The Silvermine
River is the least impacted of the rivers studied, since it is located within a protected area. The
study site is downstream of Silvermine Nature Reserve, and a short distance from the Sunbird
Environmental Education Unit. It is relatively unimpacted and restoration has occurred primarily
for flood control. The site has recently become infested with Arundo, probably in the last few
years. There is ongoing restoration to clear the areca of Arundo and stands have been cut in the

recent past. There are stands of Typha capensis close to the stands of Arundo.

3.2 Field methods

Six plots per species were selected in total from the three study sites (Table 1). From Hout Bay,
five plots were selected, two dominated by Arundo and three dominated by Phragmites. From
Spier, eight plots were selected, two dominated by Arundo, three dominated by Phragmites and
three dominated by Typha. From Silvermine, five plots were selected, three dominated by Typha,
two dominated by Arundo. Plots of 5 m x 3 m were selected at least five metres apart, with each
plot dominated by a stand of either Arundo, Phragmites or Typha. Where stands of the target
species were large, plots were chosen well into the stand, removing any edge effects. All species
were identified per plot; and percentage cover, functional types, and species height was recorded.
Sampling was conducted during summer (January 2006) when plant cover and species flowering
was at its maximum, but some ephemeral species may have been missed. Abundance (number of
individuals per species) was not recorded because of the difficulty in separating individual
species from one another, especially in the case of rhizomatous species such as Arundo,

Phragmites and Typha.
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Fig. 1. Map of South Africa showing provincial boundaries. The study occurred in the Western

Cape province; study sites are marked with stars; nearby towns are marked with dots.
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Table 1. Plot location for Arundo, Phragmites and Typha. Six plots were selected per species

from the sites Hout Bay, Spier and Silvermine.

Arundo Phragmites Typha

S 34°01' 58.4" S 34°01'49.4" S 33°59'12.8"
E 18°21'12.8" E 18°21'15.6" E 18°47' 34.7"
(Hout Bay) (Hout Bay) (Spier)

S 34°02'01.7" S 34°01' 50.6" S 33°59'12.0"
E 18°21'13.2" E 18°21' 14.8" E 18°47'32.4"
(Hout Bay) (Hout Bay) (Spier)

S 33°59'13.2" S 34°01' 52.0" S 33°58'36.1"
E 18°47'33.4" E 18°21' 14.4" E 18°46'43.1"
(Spier) (Hout Bay) (Spier)

S 33°59'10.8" S 33°59'07.7" S 34° 06' 43.4"
E 18°47'32.3" E 18°47'26.2" E 18°24'34.7"
(Spier) (Spier) (Silvermine)

S 34°06'41.7" S 33°59'06.3" S 34°06'44.2"
E 18°24'34.6" E 18°47' 24.2" E 18°24'29.3"
(Silvermine) (Spier) (Silvermine)

S 34° 06' 43.0" S 33°58'36.6" S 34° 06' 39.6"
E 18°24'34.2" E 18°46'42.4" E 18°24'32.7"
(Silvermine) (Spier) (Silvermine)

3.3 Statistical analysis

TWINSPAN is a programme for classifying species and samples, producing an ordered two-way
table of their occurrence. The process is hierarchical; samples (plots) are divided into categories,
and species divided into categories on the basis of sample classification. Using TWINSPAN, I
compared plots on the basis of species presence / absence and percentage cover (Hill & Smilauer
2005). Alien and indigenous species data were compared. Plant species richness was determined
per plot, and per dominant species. PRIMER-e is a statistical programme used for analysing
species / sample abundance matrices. Using PRIMER-e, I constructed ordination plots (by non-
metric multidimensional scaling) and similarity clusters (hierarchical clustering into species

groups) (Clarke & Warwick 2001), using species presence / absence and percentage cover data.
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Communities were compared in terms of plants’ height, percentage cover and functional types.

Frequency of species occurrence within plots was determined.

4. RESULTS

4.1 Similarity

TWINSPAN analysis groups similar plots and species according to the percentage cover of
species within the plots (Table 2). Plot similarity is also expressed in ordination graphs (Figs. 2a
and b). Despite the graphs representing different data (Fig. 2a represents presence / absence data,
Fig. 2b represents percentage cover data), Arundo, Phragmites and Typha were clearly separated
in both graphs. There was no overlap between any of the dominant species, showing that they
were considerably dissimilar. Similarity clusters indicate the degree of similarity between the
plots (Figs. 3a and b). Similarity based on presence absence separated the dominant species into
three distinct groups (Al to A6, P1 to P6, and T1 to T6) (Fig. 3a). The three groups were 10 %
similar to each other. Plots from the Arundo group were 25 % similar to each other, as were plots
from the Typha group, while those of Phragmites were 35 % similar to each other. In general,
similarity between plots and groups was low. One set of identical plots (in terms of presence /
absence data) existed for each dominant species (A5 and A6, P4 and P5, T1 and T3). Dominant
species were separated entirely and showed no overlap with each other in terms of presence /
absence data (Fig. 3a). Similarity in terms of percentage cover data showed a slightly different
pattern, but the three groups of dominant species were still mostly separated from each other (Fig.
3b), with one outlying plot, namely P6. Sites were also separated out and quite distinct from each
other, especially Hout Bay and Silvermine (Fig. 3b). Overall, the three groups shared about 5 %
similarity with each other, less than when using the presence / absence data. However, individual
groups shared a lot more similarity than individual groups separated by presence / absence data.
The Phragmites group consisted of only five plots, with P4 and P5 being the most similar, but
only about 80 % similar. The Arundo group had six plots more similar to each other than either
the Phragmites or Typha groups. Plots A5 and A6 were the most similar, with approximately 90
% similarity. The Typha group had seven plots, six Typha-dominated plots, as well as P6 (a
Phragmites-dominated plot). Plots T1, T2 and T3 were all similar, between 90 and 95 % similar

to each other.
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Table 2. An ordered two-way table derived from percentage cover data in plots at Hout Bay, Spier
and Silvermine, dominated by Arundo, Phragmites and Typha, and ordered by TWINSPAN.
Invasive alien species are indicated in bold type. Vertical lines separate similar groups of plots in
terms of species. Horizontal lines delimit groups of species associated with particular groups of
plots. Numbers within tables indicate a ranking of the percentage cover, with 5 being the highest
(highest percentage cover of a particular species in a particular plot), and 1 the lowest. A = plots

dominated by Arundo; P = plots dominated by Phragmites; T = plots dominated by Typha.

Plots

P P P

A AlA A
5 61 2 4 5 6

N
-
w g

T(T T T T
Species 411 2 3 5

N~

Cliffortia odorata
Pennisetum clandestinum 55
Polygonum salicifolium

wlw v v~ >
N|— — (W >

Arundo donax 5 5|15 5

Avena fatua 1
Chenopodium ambrosioides 1 5
Cirsium vulgare 1
Convolvulus arvensis 1
Conyza bonariensis 1
Hypochaeris radicata 1

Populus x canescens 2
Ricinus communis 3
Sonchus arvensis 4

Pteridium aquilinum 5 W

Tropaeolum majus 5
Zantedeschia aethiopica 3 1 5

DN W
—

Phragmites australis 2
Phytolacca octandra
Sesbania punicea 2

W W
W WD

Commelina benghalensis 5

W |
DN || —
W |

Typha capensis 5

Anagallis arvensis
Cyperus sp.
Juncus sp.

SCirpus sp. 1

N = W =W

Chrysanthemoides monilifera
Delairea odorata

Ipomoea purpurea

Rubus fruticosus

Sonchus oleraceus

N — B B W
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between plots at Hout Bay, Spier and Silvermine, in terms of presence / absence data (a), and

percentage cover data (b).
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4.2 Plant species richness

Arundo-dominated plots had 17 species in total, five indigenous (29 %) and 12 alien species (71
%), including Arundo. These plots had an average species richness of 5.00 species per plot (plot
size 15 m%, n = 6). Species richness was 0.33 species m™. Indigenous species had an average
richness of 0.09 species m>, and alien species had a richness of 0.24 species m™ (Fig. 4).
Phragmites-dominated plots had eight species, two indigenous (25 %) and six alien species (75
%). These plots had an average species richness of 2.83 species per plot (n = 6). Species richness
was 0.19 species m™. Indigenous species had an average species richness of 0.09 species m?, and
alien species had a richness of 0.10 species m™ (Fig. 4). Typha-dominated plots had 14 species,
seven indigenous (50 %) and seven alien species (50 %). These plots had an average species
richness of 3.67 species per plot (n = 6). Species richness was 0.24 species m™. Indigenous
species had an average species richness of 0.13 species m™>, and alien species had a richness of

0.11 species m™ (Fig. 4).
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Fig. 4. Plant species richness (species m™) for Arundo, Phragmites and Typha, from six plots

each at Hout Bay, Spier and Silvermine.
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4.3 Percentage cover

Arundo contributed an average of 58 % of the percentage cover per plot, ranging from 50 to 75 %
cover. Other species in Arundo-dominated plots that contributed considerably (an average of
more than 20 %) to percentage cover were P. clandestinum (53 %), C. arvensis (40 %), T. majus
(30 %), P. aquilinum (25 %) and C. odorata (23 %). In 75 % of the plots where Arundo and P.
clandestinum co-occur, the latter species had a greater percentage cover. Phragmites contributed
an average of 72 % of the percentage cover per plot, ranging from 50 to 80 % cover. It often co-
occurred with one other species that had considerable percentage cover, such as C. benghalensis
(85 %), P. clandestinum (57 %) or P. octandra (23 %). During the study, there were no more than
three species recorded co-occurring with Phragmites. Approximately 50 % of species associated
with Arundo and Phragmites had less than 5 % cover. Typha had an average of 65 % percentage
cover per plot, ranging from 50 to 90 %. Other dominant species in terms of percentage cover
were C. benghalensis (80 %) and l.purpurea (20 %). When Typha and C. benghalensis co-
occurred, C. benghalensis had the greater percentage cover. Sixty-four percent of species in
Typha-dominated plots had less than 5 % cover. Pennisetum clandestinum was a dominant weedy
species, co-occurring in at least two plots each with Arundo, Phragmites and Typha. Each

dominant species covered no less than 50 % in each plot it occupied.

A positive relationship existed between percentage cover of dominant species (Arundo,
Phragmites, and Typha) and the number of species (both total and indigenous) present in each
plot (Figs. 5a and b). Positive relationships existed between percentage cover of Arundo and
Phragmites with the number of alien species (Fig. 5¢). A negative relationship existed between
percentage cover of Typha and the number of alien species. The relationships are not significant

in terms of p-value, but do show a trend.
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Figs. 5a, b and c. Relationship between the number of species, total (a), indigenous (b), and alien
(c), and the percentage cover of dominant species (Arundo, Phragmites or Typha) per plot (15
m®) (n = 6). Linear trendlines indicate positive correlations for Arundo and Phragmites; each

trendline is marked with the relevant dominant species.

4.4 Plant functional types

From the 30 species, five functional types were assigned to species co-occurring with Arundo,
Phragmites and Typha: grass (G), herb (H), sedge / rush (S / R), shrub (S) and tree (T). This
produced two species each of grasses, reeds and trees; as well as fourteen herb species, four
sedge / rush species, and six shrub species. Arundo was associated with four functional types
(Fig. 6), more herb species than the other dominant species, and a greater herb representation
than from the other functional types. Arundo had no tree species recorded within its plots.
Phragmites had four functional types associated with it, and no sedges / rushes (Fig. 6). Typha
was associated with all five functional types. It had more sedges / rushes and shrubs than the
other dominant species. Typha-dominated communities were richer in terms of functional types

than Arundo and Phragmites (Fig. 6).
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Fig. 6. Number of species per functional type associated with Arundo, Phragmites, and Typha,

from six plots per dominant species at Hout Bay, Spier and Silvermine.

4.5 Plant species height

Arundo had an average height of 3.7 m, greater than that of Phragmites and Typha, at 3.1 m and
2.1 m respectively. Arundo was 1.5 m taller than any of the species with which it co-existed (Fig.
7a). Phragmites was only slightly taller than the tree species it co-existed with (S. punicea, 3.0 m)
but was 1.2 m taller than any of the other species (Fig. 7b). Typha was also relatively similar in
height to S. punicea recorded co-occurring with it (2.0 m) and 1 m taller than the other species
(Fig. 7¢).
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Figs. 7a, b, and c. Plant species (illustrated as functional type) within communities dominated by
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key alongside illustrating species and functional types referred to. All species are represented in
terms of their average height and their functional type. For the purpose of these diagrams (to

show differences in species height), the ‘herb’ category was subdivided into ‘herb’ and ‘creeper’.
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4.6 Frequency

Only Arundo occurred in each plot where Arundo was the dominant species. Species co-
occurring with Arundo in more than one plot were P. clandestinum (in 67 % of the plots), C.
ambrosioides (33 %), C. odorata (33 %), P. salicifolium (33 %), P. aquilinum (33 %) and Z.
aethiopica (33 %). Only Phragmites occurred in each plot where it was dominant. Co-occurring
species included P. clandestinum (in 50 % of the plots), P. octandra (33 %) and Z. aethiopica (33
%). Only Typha occurred in each plot where it was dominant. Co-occurring species were C.
benghalensis (50 %) and P. clandestinum (33 %). Arundo had more co-occurring species with

higher frequency of occurrence than did Phragmites and Typha.

5. DISCUSSION

Some studies have looked at the impacts of invasion on indigenous plant species diversity and
composition (e.g. Houlahan & Findlay 2004; Hejda & Pysek 2006). This is the first to investigate

plant species diversity associated with invasive alien species within wetland or riparian habitats.

5.1 Similarity

The lack of similarity between plots and groups can possibly be attributed to the high amount of
disturbance at these sites, including development, pollution and eutrophication, agriculture and
restoration efforts. Disturbance encourages the establishment and spread of invasive alien species
(Smith & Knapp 1999), and species composition in disturbed areas consists mainly of pioneer

species (Hobbs & Huenneke 1992).

5.2 Cover
Arundo had the lowest average percentage cover, as well as the most co-occurring species,

indicating the potential for its co-existence with other species, albeit alien species.

5.3 Species richness

Arundo has been associated with lower plant species diversity, and lower animal (invertebrates,
arthropods and birds) species richness and diversity (Scott 1993; Herrera 1997; Herrera & Dudley
2003). These authors report that invertebrate and bird species richness concomitant with

indigenous vegetation was higher than that associated with Arundo.
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Arundo-dominated communities had the greatest species richness, most of it made up by alien
species. High alien species richness may reduce the capacity for ecosystem functioning (Tilman
1999). Arundo-dominated communities had low indigenous species richness (0.09 species m™).
Richardson et al. (1989) found that dense stands of invasive alien trees and shrubs reduce
indigenous plant species richness. The loss of species after invasion by alien species is likely to
have implications for ecosystem functioning (Richardson et al. 1997). Macdonald et al. (1988)
state that the reduced indigenous plant species diversity associated with plant invasions is unique
to the fynbos biome. This study demonstrates the potential for invasive species to reduce

indigenous species diversity in riparian biomes as well.

Communities dominated by Phragmites had low species richness. Meyerson et al. (2000) found
that Phragmites may inhibit or limit the establishment and growth of other plants because of its
height, stem density, and large volumes of decomposing matter, which reduces light and air
temperatures within the stands. Arundo and Typha are also much taller than their co-occurring
species and have high densities, but do not accumulate much dead matter. The accumulation of
dead matter rather than greater height or density, or perhaps in combination with them, may be

more of a factor contributing towards reduced species richness.

Richardson & van Wilgen (1986) likened invasion by alien species to afforestation. Plant species
cover and density were reduced by 54 and 70 %, respectively, after afforestation with Pinus
radiata (Richardson & van Wilgen 1986). Species richness was also reduced after invasion. After
afforestation some new species were found that were not recorded prior to afforestation. Most of
these were small herbaceous plants or cosmopolitan weeds (Richardson & van Wilgen 1986).
Similarly, Arundo had many small herbs or cosmopolitan weeds growing within the communities
it dominated. More invasive alien species were present under Arundo than beneath the indigenous
dominant species. Invasion by Arundo has created a new community with properties and

attributes different to indigenous communities.

Increased percentage cover of indigenous Typha appeared to reduce the number of alien species
and increase the number of indigenous plant species. Mature, dense stands of Typha may be more
resistant to invasion by alien species. Increased percentage cover (canopy cover) of alien Pinus
pinaster was associated with a decrease in the number of indigenous species (Richardson et al.

1989). Conversely, increased percentage cover of Arundo does not reduce the number of
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indigenous species, but does appear to correlate with increased numbers of alien species. Arundo
may be facilitating the establishment and growth of alien species rather than inhibiting the growth

of indigenous species (‘invasional meltdown’).

5.4 “Invasional meltdown’

The biotic resistance model states that species-rich communities are less vulnerable to invasion
than species-poor ones, because of competition for limiting resources (Elton 1958). Arundo-
dominated communities, according to this theory, would have lower vulnerability to further
invasion by alien species than would indigenous communities (Ricciardi 2001). Simberloff &
Von Holle (1999) introduced the ‘invasional meltdown’ theory, which states that alien species
facilitate one another’s invasion in various ways, increasing the likelihood of survival, and
potentially leading to an increase in the number of introduced species, and consequently, their
impacts (Simberloff 2006). New introductions cause greater threats either by their continuous
disturbance of an ecosystem, or by further altering habitat conditions in favour of themselves and
other invaders (Ricciardi 2001). This creates a positive feedback system that increases the rate
and accumulation of alien species (Simberloff & Von Holle 1999). According to this theory,
Arundo invasion would promote future invasions by alien plants. Invasive plants can facilitate
further invasions by altering the soil to suit invasive plant requirements (Klironomos 2002).
Facilitation increases an area’s susceptibility to invasion. This theory better suits results for
Arundo found in this study. Arundo may facilitate invasions by other alien species by altering
habitat conditions with its large size, high density, fast growth rate, and possibly altered nutrient

cycling (Chapter 5).

5.5 Competitive performance of alien versus indigenous species

The relative competitive performance of indigenous versus alien species often depends on
environmental conditions (Daehler 2003). These conditions could be favoured to suit alien
species, such as with global change, which may enhance the competitive success of biological
invaders (Huenneke 1997; Dukes & Mooney 1999). Ecosystems may become more suitable to
the growth and spread of invader species, since alien species generally fare well in disturbed
conditions (Mack & D’Antonio 1998). Arundo mostly invades disturbed areas (Bell 1997), but it
is also one of the few alien species that invade undisturbed or naturally disturbed systems
(Rejmanek 1989). Eutrophication in particular appears to enhance the success of Arundo (di
Castri 1991; Coffman & Knight 2004). Arundo is also adapted to drought and fire (Chapter 3).
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Indigenous species (such as Phragmites and Typha) in riparian habitats are more water-restricted
than Arundo (R. Knight pers. comm.). Disturbance (e.g. eutrophication, drought, fire) will not
affect Arundo negatively, but habitat quality would be reduced for indigenous species. Arundo’s
tolerance to various climatic and habitat conditions, as well as its high growth rate and lack of
natural predators, allow Arundo to outcompete and replace indigenous species, especially under
times of stress or disturbance. Arundo’s potential capacity to facilitate the success of other

invasive species could further negatively impact sensitive riparian ecosystems.

6. LIMITATIONS

The lack of pristine study sites to compare pre- and post-invasion dynamics in similar habitats
limited the study to comparisons of plant species composition and richness within alien and
indigenous species stands. All the study sites were affected to a large degree by some
disturbance, such as development, eutrophication, agriculture, clearing, restoration attempts and /
or other invasive species. The sites therefore do not represent ideal conditions for comparison.
The results cannot specifically be attributed to species dominance, and could be attributed to site

disturbance.
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CHAPTER 5

IMPACTS OF THE INVASIVE ALIEN SPECIES ARUNDO DONAX ON
THE NUTRIENT DYNAMICS OF RIPARIAN AREAS
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1. SUMMARY

1.

Invasive alien plants impact on all attributes of ecosystems, including ecosystem
functions. They may alter fire and water regimes, nutrient cycling, and soil generation,
among others. Arundo is an aggressive invader in many biomes of South Africa, where it
may be altering the soil nutrient status of ecosystems. There is further potential for it to do
so upon burning or piling biomass.

Invasive Arundo and indigenous Phragmites australis, being morphologically similar and
occurring within similar habitats, were compared in terms of decomposition rates,
vegetation nutrient concentration, vegetation nutrient pools and associated soil nutrient
content.

Arundo decomposed up to twice as fast as Phragmites, and leaf material decomposed
faster than stem material in both Arundo and Phragmites.

Nutrient content within above-ground vegetation of Arundo was significantly higher than
that of Phragmites for all nutrients.

Sites supporting Arundo had relatively similar soil nutrient concentrations as sites
supporting Phragmites.

Faster rates of decomposition only alter soil nutrient status if large amounts of leaf litter
are produced. Arundo accumulates little dry material, and binds nutrients in its living
material. Phragmites produces large amounts of refractory dry material, binding nutrients
in its dead material. Neither species contribute significantly to nutrient cycling via
decomposition in these climatic conditions.

Arundo has the potential to change nutrient regimes because of its rapid decomposition
rates. This has implications for areas where more dry biomass accumulates within stands
of Arundo, or where burning or piling cut biomass is used as a method of Arundo control.

Invasion of Arundo may then alter soil nutrient cycling.
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2. INTRODUCTION

2.1 Biodiversity

Biodiversity encompasses the functional and physical attributes of ecosystems, such as the
provision of goods and services, and the presence and interactions of species constituting that
ecosystem (Coleman & Whitman 2005). The primary attributes of ecosystems are their
composition, structure and function (Franklin et al. 1981). Composition has to do with the
identity and variety of elements in an ecosystem; structure is the physical organisation of an
ecosystem; and ecosystem functions are the ecological or evolutionary processes taking place
(Franklin et al. 1981; Noss 1990). Ecosystem functions include water purification,

decomposition, nutrient cycling, and soil generation (Kremen 2005).

2.2 Nutrient cycling and decomposition

Decomposition is one of the main elements of nutrient cycling in terrestrial systems (Zimmer
2002). It involves the mechanical break down of litter, leaching of soluble compounds and
chemical deterioration of plant tissue (Lavelle et al. 1996). Decomposition and nutrient cycling
are regulated by climate and soil (Swift et al. 1979; Johansson et al. 1995; Trofymow et al.
2002), chemical composition of litter (Aerts 1997), and by interactions between organisms

(Cortez 1998; Schédler & Brandl 2005).

Plant species have different effects on nutrient cycling because of their differential nutrient
uptake, loss and retention (Hobbie 1992; Knops et al. 2002), and different effects on
decomposition due to productivity and leaf litter (Mack & D’Antonio 2003). Increased
productivity usually leads to increased resource use, increased leaf litter, and increased rates of
decomposition. Interactions among plant species may alter the quantity or quality of leaf litter
produced (Mack & D’Antonio 2003). High plant species diversity may lead to high litter
diversity, which in turn supports a greater diversity of decomposers and detritivores (Jones et al.
1997; Hansen 2000), and in turn this may lead to an increased variety of food resources and

greater habitat complexity (Bardgett 2002).

2.3 Disturbance
Species vary in their response to disturbance, so disturbance may favour one species over another

(Hobbs & Huenneke 1992). Ecosystem disturbances have long lasting consequences, which can
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often be seen in the species composition of a disturbed area (Roem & Berendse 2000; Thompson

et al. 2002). Some important ecosystem disturbances include fire and invasion by alien species.

2.3.1 Fire

Fire affects the nutrient status of the soil (Rundel 1983; Stock & Lewis 1986). There is usually a
temporary increase in nutrient availability to the soil after fire (Day 1983), but an overall nutrient
loss, occurring via volatilisation, erosion and leaching (De Bano & Conrad 1978). Nutrients not
lost through volatilisation will be deposited in ash, which is usually high in available nutrients,

promoting rapid regrowth after fire (Day 1983).

2.3.2 Invasive alien species

Invasive alien species out-compete indigenous species for resources and space, alter fire and
water regimes, and alter soil nutrient status (Macdonald et al. 1989; Cronk & Fuller 1995). They
also impact on the ecosystem functions of decomposition, nutrient cycling, and soil generation
(D’Antonio & Vitousek 1992; Walker & Smith 1997; Standish et al. 2004). The most damaging
species transform ecosystems by using or adding excessive amounts of resources, such as water,

light, oxygen, and nutrients (Richardson et al. 2000).

Invasive alien species often establish in high-nutrient areas, and some can alter soil nutrients to
suit their own requirements (Huenneke et al. 1990; Ostertag & Verville 2002), suggesting
possible feedbacks between nutrient cycling and plant species composition (Simberloff & Von
Holle 1999; Ehrenfeld et al. 2001). Invasive plant species usually increase biomass and net
primary production, and produce litter with higher decomposition rates than co-occurring
indigenous species (Ehrenfeld 2003). They usually enhance soil nutrients by their elevated

litterfall or elevated litter nutrient concentration (Ehrenfeld 2003).

2.4 Arundo donax

Arundo donax L. (hereafter referred to as Arundo) belongs to the Arundineae tribe, along with
Phragmites species (Renvoize 1980). Arundo is indigenous to the Indian sub-continent (Bell
1997), and invasive in many regions of the world, including South Africa. Arundo is a
hydrophyte, growing along lakes, streams, drains, and other wet sites (Bell 1997). Arundo is a
perennial C; grass species (Rossa et al. 1998), resembling the indigenous common reed

Phragmites australis when young. Arundo usually grows in large stands, containing hundreds of
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stems per stand (Spencer et al. 2005). Stems may reach 10 metres in height (Dudley 2000).
Reproduction occurs almost entirely from rhizomes and stem fragments (Boose & Holt 1999),
which are usually carried by floodwaters into new habitats (Else 1996). Arundo can tolerate a
wide variety of ecological conditions (Perdue 1958), mostly due to its deep rhizomes and roots
(Mackenzie 2004). It survives in all types of soils (Perdue 1958), and is usually associated with
higher soil nutrient levels than indigenous plants (Coffman et al. 2004). Arundo is usually
associated with rivers that have been physically disturbed (Bell 1997), but may invade
undisturbed or naturally disturbed systems (Rejméanek 1989). Recent nutrient loading of rivers is

hypothesized to be a major factor contributing to Arundo invasion in California (di Castri 1991).

Iverson (1993) and Zimmerman (1999) report that Arundo uses and transpires three times more
water than indigenous riparian tree species in the USA. Arundo is competitive, and once
established, it physically inhibits and replaces indigenous plant communities (Bell 1997), forming
extensive stands or monocultures. It is partly due to its size and rapid growth rate that Arundo can
reduce the diversity of riparian fauna and flora (Milton 2004). Arundo produces large quantities
of biomass that increase the available fuel for unseasonal and higher intensity fires (Coffman et
al. 2004). It is highly adapted to fires and flammable throughout most of the year (Bell 1997).
Arundo appears to use more soil nutrients (especially nitrogen) than indigenous species (Coffman
et al. 2004). It also invades more readily in areas where soil nitrogen is high, growing rapidly
with elevated nutrients (Decruyenaere 2000). It decomposes at rates similar to indigenous litter in
riparian environments in the USA, but changes the structure of the soil, making it unsuitable for
decomposer organisms (B. Lichtman, unpublished data, in Herrera & Dudley 2003). Indigenous

vegetation has a larger and more complex litter layer than Arundo (Herrera & Dudley 2003).

2.5 Phragmites australis

Common reed Phragmites australis (Cav.) Trin. ex Steud. (hereafter referred to as Phragmites) is
a large clonal C; grass species, reaching heights of two to six metres (Pearcy et al. 1974). It has a
similar appearance to Arundo when young, but once the plants are mature, there are distinct
differences, especially noticeable during winter months, when Phragmites turns brown and loses
most of its leaves (personal observation). Arundo remains green (although some shades lighter
during winter) and retains most its leaves. Phragmites is also shorter on average, with more stems
per area than Arundo (preliminary investigations). Phragmites reproduces mainly by vegetative

reproduction, via rhizomes (Ekstam 1995). It is tolerant to climate, altitude, flooding, frost, high
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pH, salt, a wide range of soils, and invasion by many other species (Welsh et al. 1987; Meyerson
et al. 2000). Phragmites usually grows in open, wet areas, along streams, marshes (Meyerson et
al. 2000), ditches, and roadsides (Chambers 1997). Studies show that increased nutrient loads
increase Phragmites growth (Haslam 1965; Marks et al. 1994). Phragmites is an invasive species
in the USA (Meyerson 2000; Meyerson et al. 2000).

The purpose of this research was to determine whether invasion by Arundo would alter nutrient
dynamics of ecosystems. Invasive Arundo and indigenous Phragmites were compared in terms of
rates of decomposition, vegetation nutrient concentrations and content, and soil nutrient

concentrations of sites dominated by these species.

3. METHODS

3.1 Study areas

The Western Cape of South Africa has a Mediterranean-type climate: warm, dry summers and
wet, temperate winters. Rainfall varies from 200 to 2000 mm per year, and falls mainly during
the winter months. Strong south-easterly winds blow primarily during summer, from November
to February. The study sites are within the lower reaches of three rivers in the Western Cape of
South Africa: the Disa River in Hout Bay (S 34° 01' 56.2", E 18° 21' 13.1"), the Eerste River on
the Spier Wine Estate outside Stellenbosch (S 33° 59' 12.6", E 18° 47' 34.6"), and the Silvermine
River, downstream of the Silvermine Nature Reserve (S 34° 06' 41.7", E 18° 24' 34.6"). The last
site was used only for collection of Phragmites plant material, and is a marsh situated on the
campus of the University of the Western Cape, Bellville (S 33° 56' 09.3", E 18° 37' 43.4"). The
Disa River runs through Hout Bay, a coastal town about 11 km from Cape Town. This study site
was limited to the area between the Victoria and Princess Road bridges, along the Disa River.
Residential development, agricultural use, invasive alien plants, and modifications to river
geomorphology have seriously altered much of the downstream reaches of the river. The Disa
River was formerly a braided river system dominated by extensive stands of indigenous palmiet
Prionium serratum. Arundo stands are dense and extensive, and span the entire distance between
the Victoria and Princess Road bridges, with fewer and less dense clumps upstream. The lower
reach of the Disa River is characterised by a broad floodplain and most of it falls within

residential or commercial zoning. The Eerste River is one of three rivers on the Spier Wine
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Estate. It is heavily impacted and polluted along most of its course. It flows through the town of
Stellenbosch and is exposed to urban pollution and waste. This study site is surrounded by
agricultural, grazing and open land. The public have little or no access to this site since the wine
estate is a privately owned enterprise. The Arundo stand at this site is extensive, but there appears
to be only one major stand, spanning a distance of 300 — 400 m along the river. Smaller clumps
of Arundo exist in other locations along the river. Many other invasive plants are present along
the river and there have been no formal eradication or control plans for any of them. The
Silvermine River is located within a protected area. The study site however, is downstream of the
Nature Reserve, and a short distance from the Sunbird Environmental Education Unit near
Clovelly. It is relatively and comparatively unimpacted. The site has recently become infested
with Arundo, probably in the last few years. There is ongoing restoration to clear the area of
Arundo — stands of Arundo have been cut in the recent past. There is limited development and no
agriculture (hence likely no nutrient enrichment) on or near the site. Vegetation dominating the

marsh on the University campus consists mainly of Phragmites australis and Typha capensis.

3.2 Decomposition experiment

Leaf and stem samples of Arundo and Phragmites were collected in Hout Bay. Plant material was
cut to similar dimensions: leaf material to pieces of similar length (80 — 100 mm) and width (15 —
20 mm), and stem material to 40 — 50 mm sections of internode material with similar diameters
(8 — 15 mm). Material was air-dried at room temperature for three weeks until constant weight
was achieved. The plant material was not artificially dried as this could have affected microbial
activity, and consequently the decomposition rate (Tanner 1981). Litterbags were made from
shade cloth material, and had inside measurements of 150 mm x 150 mm. Each bag was filled
with approximately 5 g of dried leaf or stem material. Mesh size was sufficiently small (1 mm x 5
mm) to minimize losses of litter due to breakage, while large enough to allow access of most
litter-dwelling invertebrates into the bags (Loranger et al. 2002). Each bag was individually
marked and tagged with a bright orange strip of linen tied to the bag (0.5 m in length), as well as
aluminium tags inside the bags. No further site marking was deemed necessary since there was
little groundcover at preliminary site visits, and upon burial of the litterbags. All litterbags were
buried between 100 and 200 mm below the surface, at random sites, but within close proximity to
stands of Arundo (no further than 1 m) in Hout Bay, in April 2005. There was an initial sample
size of 36 litterbags (Table 1), sufficient for three replicates per collection. However, at the time

of the first collection (three months after burial), many litterbags had been lost despite marking
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and tagging. The site had become considerably overgrown by Tropaeolum majus and Pennisetum
clandestinum. To allow for at least one sample to be collected per category per retrieval date,
only one sample per category was collected at each three-month interval. Sample size was
reduced from n = 3 to n = 1. The results therefore are not statistically robust but do give an

indication of possible trends.

The litterbags were collected over a nine-month period. One litterbag per species material was
collected (random selection) at each three-month interval. Sample retrieval occurred during July
2005, October 2005 and January 2006. Retrieved bags were placed inside ziplock bags until
laboratory analysis. Litterbag material was carefully transferred onto white sheets of paper.
Invertebrates were first removed. Arundo and Phragmites material were separated from other
plant material (moss, mould, roots), debris and soil. In cases where further removal of other
material would cause damage to the sample, the sample was analysed without removal of that
material. Once material was cleaned and weighed, it was oven-dried at 60 °C for 24 hours, and re-

weighed to determine mass loss due to decomposition.

3.3 Plant material nutrient analysis

Five samples each of stem and leaf material per species were collected early in August 2006.
Arundo material was collected from Hout Bay, and Phragmites material was collected from
Bellville, since the leaves on Phragmites plants in Hout Bay had senesced shortly before plant
material collection, whereas the stand at Bellville had not. Plant material was cut to similar
dimensions: leaf material to pieces of similar length (80 — 100 mm) and width (15 — 20 mm), and
stem material to 40 — 50 mm sections of internode material with similar diameters (8 — 15 mm).
The plant material was oven-dried at 60 — 70 °C for 72 hours until constant weight. Stem and leaf
material per species was analysed for NHy nitrogen, phosphorus, potassium, calcium,
magnesium, sodium, iron, copper, zinc, manganese, boron and aluminium content, at Western
Cape Department of Agriculture at Elsenburg. Methods of analysis comply with procedures used
by member laboratories of the inter-laboratory control scheme AgriLASA (Agri Laboratory
Association of Southern Africa) and official methods of the AOAC (Association of Official
Analytical Chemists). The values for average biomass were taken from Chapter 3 of this thesis to
estimate above-ground nutrient pools in the vegetation. Leaf and stem material was estimated to

constitute 20 % and 80 % of the total biomass, respectively.
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Table 1. The design of an experiment to assess the rate of decomposition of Arundo and

Phragmites stem and leaf material. Data show the number of replicates; months indicate duration

of burial.
Arundo stem | Arundo leaf | Phragmites stem | Phragmites leaf

Three months 3 3 3 3
Six months 3 3 3 3
Nine months 3 3 3 3

Total 9 9 9 9

18 18
36

3.4 Soil nutrient analysis

Twenty-two soil samples were collected in January 2006 (dry season) from stands of Arundo and
Phragmites from Hout Bay, Spier and Silvermine. Eleven samples were collected from Arundo
stands (seven from Hout Bay, two from Spier, two from Silvermine) and eleven from Phragmites
stands (eight from Hout Bay, three from Spier). Samples were collected from various sites to
separate sites effects from species effects. Samples were collected from 150 mm deep at the base
of Arundo and Phragmites stands. Soil was analysed at Western Cape Department of Agriculture
at Elsenburg, for nitrogen, phosphorus, potassium, calcium, magnesium, sodium and carbon.
Nitrogen content was determined using the Kjeldahl method (Bremner & Mulvaney 1982), and
phosphorus, potassium, calcium, magnesium, sodium and carbon were determined using 1 %

citric acid.

3.5 Statistical analysis

Mass loss and rate of mass loss was determined on a percentage basis, since litterbags did not all
have the same initial weight. Nutrient concentrations were applied to five average biomass values
(kg ha) of live material from Hout Bay (Chapter 3) to determine nutrient pools within
vegetation. Soil nutrients were analysed per plot and per species, and applied to non-metric
multidimensional scaling analysis in PRIMER-e (Clarke & Warwick 2001). One-way ANOVA’s

were used to determine significant differences between stem and leaf nutrient content of Arundo
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and Phragmites, and between soil nutrient concentrations associated with the species various

sites.

4. RESULTS

4.1 Percentage mass lost during decomposition

Percentage mass loss of stem and leaf material after three, six, and nine months, was higher for
Arundo than for Phragmites. Overall, Arundo lost a greater percentage of mass to decomposition
than did Phragmites. Percentage mass loss of leaf material after three, six and nine months, was
greater than that of stem material, for both species. Mass loss was greatest between three and six
months, after which it decreased, with the exception of Arundo leaf material, which continued its

mass loss after six months (Figs. 2a and b).

4.2 Rate of mass loss during decomposition

Arundo decomposed faster than Phragmites. Rate of mass loss was greater for Arundo stem and
leaf material than for Phragmites material, at three, six, and nine months. Leaf material
decomposed faster than stem material. Rate of mass loss of leaf material was greater than that of
stem material, at three, six, and nine months, for both species. The rate of mass loss decreased

over time for Arundo and Phragmites stem and leaf material (Figs. 3a and b).

4.3 Plant material nutrient concentration

In most instances, nutrient concentration was significantly higher in Arundo material than in
Phragmites material (Table 2). Leaves usually had higher nutrient concentrations than stems.
According to Marschner (2002), Arundo and Phragmites are deficient in NH4, K, Zn, Cu and Bo,

in terms of the range suitable for crop plants.

4.4 Nutrient pools in vegetation

The total above-ground biomass nutrient pool (combined stem and leaf material values) was
significantly higher in Arundo than Phragmites for all nutrients (Figs. 4a, b, ¢, and d) (p < 0.05).
This is largely due to the biomass of Arundo being that much greater than Phragmites.
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Table 2. Nutrient concentration of stem and leaf material of Arundo and Phragmites, from
samples (n = 5) collected in August 2006. Underlined values are significantly different between
species; bold type indicates the higher value (p < 0.05). Optimum range of values is in the same
units as the column they are in. D, U, and W abbreviate nutrient status of deficiency, unknown,

and within range (Marschner 2002).

% mg kg™
Arundo NH4 | K Ca |P |Mg| Na Fe Mn Al |Zn |Cu | Bo
Stem 06 [10 |0.1]0.1]0.2|438.0{2539|12.8 |27.6|9.0 |25]1.0
Leaf 23 |08 |14|0.1/0.7|1458|322.6|132.2|12.0|13.0|3.5|3.5
Average 14 (09 |07(01({04 (2919 2883|725 |[19.8|11.0[3.0]23

Phragmites NH4 | K Ca |P |Mg| Na Fe Mn Al |Zn |Cu | Bo
Stem 04 (04 |0.1]0.0]0.1|387.6|542.7|7.8 195186 |1.8]1.1
Leaf 1.6 (03 |0.7]0.10.1 |374.8(239.0|93.7 |28.1|73 |3.8]11.0

—
ja)
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Figs. 4a, b, c and d. Leaf, stem and total biomass nutrient pools (kg ha'l) of NHy, K, Ca (a), P,
Mg, Na (b), Fe, Mn, Al (c), Zn, Cu, Bo (d), of Arundo and Phragmites. Nutrient pools

determined using estimated biomass values (n = 5) from Hout Bay (Chapter 3 of thesis), and

nutrient concentrations from plants sampled at Hout Bay and Bellville in August 2006.
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4.5 Soil nutrients

Most soil nutrients associated with Arundo increase in value from Hout Bay to Spier to
Silvermine (Table 3). Soil associated with Arundo and Phragmites at Hout Bay separate out quite
well in the non-metric multidimensional scaling (Fig. 5). The exception is K, which is highest at
Spier and lowest at Silvermine. The soil nutrients associated with Phragmites do not show the
same pattern — higher values occur at Hout Bay for C, N, Mg, K, and P. Spier has higher values
of Ca and Na. Comparing species per site shows that Phragmites at Spier is associated with lower
nutrients than Arundo at Spier, except for Ca, which is higher for Phragmites. At Hout Bay,
Phragmites is associated with higher soil nutrients than Arundo, except for Mg, which is
marginally higher for Phragmites. Overall, most of the values are quite similar for Arundo and
Phragmites. Arundo has higher soil nutrients of C, N, Mg and Na. Phragmites has higher soil
nutrient contents of Ca, K and P. Only Mg is significantly higher in soil associated with Arundo

than in soil associated with Phragmites.

Table 3. Average soil nutrient content of soil taken from within Arundo stands at Hout Bay, Spier
and Silvermine. The overall averages are per plot from all the sites (and not an average of those
preceding them in the table). n represents the number of replicates. Underlined values are

significantly different between species; bold type indicates the higher value (p < 0.05).

% cmol kg™ mg kg™

Arundo donax N | C Ca Mg K Na P n
Hout Bay 0221 54 1.6 | 1179 | 179 | 507 |7
Spier 03|34 6.8 2.6 285.0 | 69.0 | 2425 | 2
Silvermine 0.5]53 9.8 3.7 67.0 70.0 | 383.0 | 2
Overall average 0229 64 2.2 | 139.0 | 36.6 | 146.0 |11
Phragmites australis N | C Ca Mg K Na P n
Hout Bay 02128 7.1 1.6 | 167.5 | 28.0 | 242.0 | 8
Spier 0.1 | 1.5] 12.0 1.0 142.7 | 31.0 69.3 3
Overall average

02]25| 84 14 | 160.7 | 28.8 | 1949 |11
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Fig. 5. Ordination plot (non-metric multi-dimensional scaling) of similarity in soil nutrient
concentrations (Table 2) from plots dominated by Arundo and Phragmites at Hout Bay, Spier and

Silvermine.

5. DISCUSSION

5.1 Invasive plant species and nutrient cycling

Plant species have different effects on nutrient cycling due to differential nutrient uptake, loss and
retention (Hobbie 1992; Knops et al. 2002), and altered nutrient pools can affect plant
community composition and species diversity (Levine et al. 1998). Nitrogen mineralization and
nitrification rates usually increase in response to invasions (Ehrenfeld 2003). Vitousek et al.
(1987) found that the invasion of Myrica faya (a nitrogen-fixer) into an Hawaiian ecosystem
increased the rate of nitrogen accumulation more than fourfold (Dukes & Mooney 2004), in an
originally nutrient-poor system. Acacia saligna increased soil nutrients of fynbos systems in
South Africa (Musil & Midgely 1990) through its higher leaf fall and decomposition rates
(Witkowski 1991).
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5.2 Nutrient pools in vegetation

Arundo has higher nutrient concentrations (of most nutrients), greater amounts of biomass
(Chapter 3), and consequently higher nutrient pools in vegetation than Phragmites and other
indigenous vegetation (Table 4). Arundo biomass has between six and ten times more
phosphorus, potassium, magnesium, calcium and nitrogen than Phragmites biomass, and between
three and 17 times more of the same nutrients than fynbos biomass. Larger nutrient pools in
vegetation relate to greater input of nutrients from vegetation upon decomposition (i.e. the greater

potential for increased soil nutrient availability).

Table 4. Average plant material nutrient pools (kg ha™) for living material (biomass) of different

vegetation types in the Western Cape, South Africa (van Wyk et al. 1992).

UNINVADED SITES INVADED
11 yearold | 21 yearold | 29 yearold | Phragmites Arundo
fynbos ' fynbos * fynbos * communities | communities
K 36.7 86.47 111.70 91.57 824.17
Ca 174.7 69.92 31.96 52.02 299.38
Mg 10.9 15.57 13.87 25.69 230.78
N 76.7 105.17 107.50 138.78 791.65
P 7.2 6.35 6.67 6.75 66.43
"Low (1983)

? van Wilgen & Le Maitre (1981)
3 van Wyk et al. (1992)

5.3 Rates of decomposition and consequent nutrient cycling

Invasive alien plants usually alter soil nutrient dynamics by increasing litter quantity, rates of
decomposition and nutrient cycling (Ehrenfeld 2003). Rates of decomposition determine the rate
at which nutrients cycle within an ecosystem (Facelli & Pickett 1991; Hobbie 1992). Arundo
decomposed faster than Phragmites, and therefore may recycle nutrients in a system faster than

Phragmites. In order for invasions to alter nutrient fluxes, invasive plants must not only displace
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indigenous species (Chapter 4), but must also produce significant amounts of litter (Allison &
Vitousek 2004). Arundo-dominated communities had less leaf litter and other dry or dead
material than Phragmites-dominated communities (Chapter 3). Many of the nutrients in above-
ground biomass of Arundo will be bound in the living material and not returned to the soil via
decomposition, since there is little dead material in stands of Arundo. The material that does
decompose will do so rapidly, but there is not sufficient material to significantly enrich the soil.
In colder and more arid areas, such as California (G. Coffman pers. comm.), more Arundo
material dies off and accumulates within stands. In these regions, invasion by Arundo may
increase nutrient cycling, since rates of decomposition and amounts of leaf litter will possibly be

higher than that of indigenous species.

In general, leaves decompose more rapidly than stems and branches (Berg et al. 1996). The
experiment confirms the trend with Arundo and Phragmites. Leaves, roots and rhizomes of
Phragmites are known to decompose relatively rapidly (Wrubelski et al. 1997), whereas stems
decompose more slowly (Emery & Perry 1996; Meyerson 2000). Because of the slow
decomposition of stem material, Phragmites builds up a large amount of refractory
(decomposition-resistant) material. This is thought to impoverish Phragmites-dominated sites by
binding nutrients in organic material and making them unavailable to other plants (Meyerson et
al. 2000). It seems that Phragmites binds nutrients in its dead material and Arundo binds
nutrients in its living material. Both species therefore contribute little to nutrient cycling as a
direct result of decomposition, in these conditions. This has implications for areas where more
dry material accumulates within stands of Arundo, for areas where Arundo may be burnt either
accidentally or in an attempt to control its spread, and for areas where cut Arundo biomass is
piled on site. Greater amounts of dry, burnt or piled Arundo biomass may enhance nutrient

cycling.

5.4 Plant species composition

Plant species composition (and consequently leaf litter composition) and functional types, have
important influences on decomposition (Melillo et al. 1982; Perreira et al. 1998; Conn & Dighton
2000). Zimmer (2002) found that higher diversity of plant species (providing a higher diversity of
leaf litter) had faster rates of decomposition. However, Blair et al. (1990) found no difference
between decomposition rates of single-species litter and mixed-species litter. Wardle & Lavelle

(1997) found that species identity was more important than species richness or diversity to
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decomposition. Many invasive plants form monocultures and yet have higher rates of
decomposition than indigenous plant species (Allison & Vitousek 2004). Both Arundo and
Phragmites form near-monocultures (Chapter 4). Since Arundo and Phragmites are so dominant
in the ecosystems where they occur, species identity is possibly more important than species

diversity in terms of decomposition and nutrient cycling.

5.5 Soil nutrients and soil development

There is no evidence from this study to conclusively state that Arundo either depletes or enhances
the soil nutrient status. Litter from invasive species usually decomposes rapidly, immediately
releasing nutrients (Allison & Vitousek 2004). This has implications for soil development, since
the substrate beneath invasive species is unlikely to accumulate organic matter if it decays rapidly
(Allison & Vitousek 2004). High rates of decomposition in Arundo, as well as limited leaf litter,

may reduce organic matter content of soil beneath Arundo.

Soil nutrients associated with Arundo and Phragmites are relatively similar (only magnesium is
significantly higher in soil associated with Arundo). Despite the greater nutrient content in
Arundo material, the soil nutrients are not elevated. Arundo may use soil nutrients more

efficiently, and retain them in the living material by not dropping leaves during the winter.

Soil nutrients appear to be site-specific rather than related to the dominant plant species. The
more impacted site in terms of development, pollution and other invasive species (Hout Bay) had
lower soil nutrients. Nutrient-rich sites within ecosystems may promote invasions (Huenneke et
al. 1990; Ostertag & Verville 2002), since invaders are more successful under high nutrient
conditions (Halpern et al. 1997). Arundo has been present in Hout Bay for a longer time period
than at Spier or Silvermine. Arundo may have established in Hout Bay under high nutrient
conditions and over time depleted the soil of nutrients. This is mere conjecture, and there is no

confirmation of this.

5.6 Fire and nutrients

Burning piled or standing Arundo is a fire risk under certain climatic conditions. It also provides
the soil with an instant increase in nutrients for regrowth (White & Gartner 1975). Increased
nutrient levels may stimulate the already enhanced growth rates of Arundo. Since Arundo burns

easily, even when green (Bell 1997), increased intensity or frequency of unseasonal fires is
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possible. This can lead to loss of soil nutrients from the ecosystem in the long term (van Wilgen
& Le Maitre 1981), since nutrients may be volatilised (nitrogen and sulphur), lost via leaching, or

lost via windswept ash (Vogl 1974; De Bano & Conrad 1978; van Wyk et al. 1992).

5.7 Global warming

Global warming may enhance decomposition rates (Coiteaux et al. 1995). Carbon and nitrogen
mineralisation rates would increase, making more nutrients available to plants (Colteaux et al.
1995). With greater cycling of nutrients, nutrient-rich species, and those functioning best under
high nutrient conditions, are likely to replace those that are adapted to nutrient-poor conditions,
such as fynbos species. Arundo is more successful where groundwater and soil nitrogen is higher
(Coffman et al. 2004). Arundo and other invasive alien species often establish and dominate

under high nutrient conditions (Huenneke et al. 1990; Coffman et al. 2004).

6. LIMITATIONS

This study covered only the early phase of decomposition (Salamanca et al. 1998). The study was
of limited duration and intensity. In order to obtain a complete picture, sampling should be
undertaken over many years, and at much greater intensity. Results are based on a single replicate
for the decomposition experiment, since many buried samples were lost. Results could therefore
not be statistically tested for significance, and merely provide an indication of possible trends.
Sample sites should have been labelled in a more permanent fashion with stakes, but since it was
public land, this may have compromised the experiment by drawing too much undue attention.
The best option would have been to find privately owned land on which to establish this
experimental study. Decomposition could have been studied in a way that is possibly more
representative of natural decomposition (Bérlocher 1997), which occurs on the plant and not
necessarily in the soil. Instead of disconnecting live leaves from the plant, one could follow the
decay dynamics of tagged leaves that are left attached to the shoot in their natural position
(Newell & Fallon 1989). However, decaying leaves are difficult to age so comparison between
species would have been difficult. Litterbags could also have been attached to the soil surface and
not buried, but again, this may have drawn undue attention. Leaf litter per species could have

been measured, collected and analysed.
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1. BRIEF SUMMARY': INVASIVE ALIEN SPECIES

Maintenance of biodiversity is important for the protection of ecosystems against future losses of
functionally important components (Richardson et al. 1995). Since invasive alien species are the
second highest threat to biodiversity (after direct habitat destruction), they are cause for concern.
Invasive alien species affect all components of the ecosystems, including functions (Mack et al.
2001; Ehrenfeld 2003), structure (Brown & Gurevitch 2004) and composition (Gratton & Denno
2005). Invasive alien species out-compete indigenous species for resources and space
(Macdonald et al. 1989). They change vegetation and soil structure, by dominating, and by
altering soil nutrient concentrations (Cronk & Fuller 1995). Ecosystem functions affected by
invasive alien species include decomposition, nutrient cycling, soil development, and fire and

water regimes (D’ Antonio & Vitousek 1992; Walker & Smith 1997; Standish et al. 2004).

Arundo is poorly researched in South Africa, and hence, poorly understood in terms of its
ecology and impacts. Most of the data available on Arundo is a result of studies undertaken in the
USA. In the USA, Arundo has been studied more intensely, and has been labelled a high priority
species in terms of its actual and potential ecological and economic costs. It is a highly
productive species, producing up to 20 tons of biomass per hectare in the USA (Perdue 1958). It
threatens indigenous plant and animal species diversity by dominating, and consequently
displacing indigenous plant species (Bell 1997). It increases fire hazards in riparian areas, which
are sometimes in urban / rural fringes, placing human health and safety at risk. There are
associated increases in flood damage because biomass is often washed downstream, against
bridges or culverts during storms, causing blockages and damaging infrastructure (Coffman et al.
2004). Arundo increases bank erosion and instream sedimentation, alters soil nutrient status, and
uses three times more water than indigenous species (Iverson 1993). It is exceptionally difficult
to eradicate and is mostly resistant to herbicide treatment (unless used in conjunction with other
control methods). Most of its impacts are due to its large height and biomass, and rapid growth

rate (Milton 2004).
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2. RESEARCH FINDINGS

This study investigated potential control methods, as well as impacts of an invasive alien plant,
Arundo donax, on aspects of biodiversity in the Western Cape of South Africa. For simplicity, |
used Noss (1990)’s definition of biodiversity: briefly, that it consists of three major attributes,
composition, structure and function, operating at different levels. Results of the study are

discussed below in terms of new information generated by this study.

2.1 Control

Herbicide reduced the height, growth rate and density of Arundo stands. Over time, density
increased to levels surpassing that of the control. Cutting alone is not a viable option since it
increases the density of Arundo stands with each cut. Local application of herbicide is effective to

some extent but not sufficient to control Arundo in the long term.

2.2 Composition

I investigated plant species composition and richness of Arundo-dominated communities, and
compared the results with those from communities dominated by indigenous Phragmites
australis and Typha capensis. This is the first study to look at plant species diversity beneath
Arundo in South Africa. It is also the first to look at impacts of invasion by alien species on
indigenous plant species diversity and richness in riparian or wetland areas in South Africa.
Arundo had lower cover within communities than did the indigenous species, contrary to
expectations. Arundo is well-known in the USA to be a ‘monoculture’ (Bell 1997; Coffman et al.
2004). Arundo-dominated communities had higher species richness, and a greater number of
alien species co-occurring with it than did communities dominated by indigenous species.
Gaffney & Gledhill (2003) also found increased numbers of alien species co-occurring with

Arundo.

2.3 Structure

I compared height and biomass of Arundo stands with that of Phragmites. I also investigated
vegetation nutrient concentrations and associated soil nutrient concentrations of Arundo and
Phragmites. Biomass and nutrient concentrations affect the ecosystem functions of fire behaviour

and nutrient cycling.
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2.3.1 Height

On average, stem heights of Arundo and Phragmites are 4.03 m and 2.81 m, respectively.

2.3.2 Biomass

Arundo stands produce between 37 and 47 tons / ha biomass (total above-ground material). This
biomass consists largely of live material (76 to 92 % live material). Moisture content of Arundo
ranges from 30 to 380 %. Phragmites stands produces approximately 16 tons / ha above-ground
biomass. Phragmites has an even distribution of live and dead material within its biomass (50 %).
Arundo had a lower fuel load than Phragmites despite higher biomass, because of the small
amount of dry material in its stands. Moisture content varied from 30 to 250 %. Invasion by

Arundo will increase biomass by 450 %.

2.3.3 Vegetation nutrient pools
Arundo has higher nutrient pools in vegetation than Phragmites, because of its elevated nutrient

concentrations and greater biomass.

2.3.4 Soil nutrient concentrations
Soil nutrient concentrations associated with Arundo and Phragmites are similar. This implies that
neither Arundo nor Phragmites contribute more significantly than the other towards nutrient

cycling via decomposition. Neither species appears to be enhancing the nutrient status of the soil.

2.4 Function

Impacts on the ecosystem functions of fire behaviour and nutrient cycling are derived from
impacts on community composition and vegetative structure. Fire behaviour is dependent on
biomass for fuel properties, and nutrient cycling is affected by biomass and nutrient

concentrations of vegetation.

2.4.1 Fire behaviour

Fire behaviour was estimated using a fire behaviour prediction model (BehavePlus). The model
uses biomass values and specifically relies on percentage values of dead material, which
determine the fuel load. Fire intensity and rates of spread are estimated to be higher in
Phragmites than in Arundo. Estimated maximum rate of spread of fire in Arundo is 1.8 m min™ at
wind speeds of 10 to 50 km h™', and 86.3 m min" at wind speeds of 30 to 50 km h™ in
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Phragmites. Estimated maximum fireline intensity in Arundo is 71.9 kW m™ at wind speeds of
10 to 50 km h', and 12 700 kW m™ at wind speed of 30 km h™' in Phragmites. Arundo may
reduce fire intensity and rates of spread in the ecosystems it invades in the Western Cape. Arundo
is likely to have greater fire potential (danger) in drier or colder regions, where more dry material
accumulates within stands. Arundo possibly presents an unseasonal fire hazard, since plant

moisture is lowest and estimated fire behaviour highest during winter months.

2.4.2 Nutrient cycling

Arundo has higher decomposition rates than Phragmites. Leaf material decomposes faster than
stems material for both Arundo and Phragmites. Arundo has great potential to alter soil nutrient
cycling by increasing soil nutrients as a result of its rapid rate of decomposition. In these climatic
conditions, where little dry material accumulates, Arundo is unlikely to increase soil nutrients,
but where biomass dried out and accumulates, nutrient cycling will be enhanced. Nutrients are
stored in the living material of Arundo, and in the dead, refractory (decomposition-resistant)

material of Phragmites.

3. LIMITATIONS

3.1 Availability of suitable sites for study

The lack of uninvaded study sites in similar habitats to those invaded by Arundo, resulted in a
comparison being made of indigenous species and Arundo, instead of the initial intention of
comparing invaded and uninvaded riparian systems. The lack of study sites can be attributed to
most downstream sites being invaded by at least one alien species, or being highly impacted on
by agriculture or development. Other potential study sites were on private land, which I was

unable to gain access to, or were isolated and unsafe for unaccompanied research.

It is difficult to separate whether species diversity and soil nutrients are related to Arundo
invasion, or to the many disturbances at the selected study sites. Nonetheless, species diversity
and soil nutrient data has been generated for sites dominated indigenous and alien plant species in

riparian areas of the Western Cape.
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3.2 Unanticipated practical problems
Loss of litterbags (decomposition experiment) limited the results to one replicate per analysis.
Results are therefore not conclusive, but do provide indications of possible and probable trends in

terms of decomposition and nutrient cycling of Arundo and Phragmites in the Western Cape.

The loss of plastic sheeting (tarpaulin) hampered the project to some extent but this is a reality
when working within windy coastal areas or near impoverished communities. Tarping is not a

suitable or practical method of control in these areas.

3.3 Fire behaviour prediction model

The fire behaviour model BehavePlus is limited and unsuitable for predicting fire behaviour in
Arundo. It does not take into account the full height (or fuel depth) of Arundo, which could
complicate fuel-packing densities. It does also not simulate fire behaviour under extreme weather
conditions very well. Fire behaviour models in general do not take into account physiological

aspects of the vegetation being modelled, such as volatile oils present in plant material.

4. MANAGEMENT IMPLICATIONS

4.1 Control

Cutting alone is not an effective solution for control or management of Arundo. Herbicide must
be used to some extent. The effects of herbicide are small when compared to the long-term
environmental damage (and subsequent economic costs) of Arundo (Bell 1997; Monheit 2003).
Burning is also not a viable control option, since (a) Arundo is highly flammable, posing a fire
risk, and (b) burning piled or standing Arundo (or any high-nutrient alien species) provides the
soil with an instant increase in nutrient levels for regrowth (White & Gartner 1975). Since
Arundo burns easily, even when green (Bell 1997), increased intensity or frequency of unseasonal
fires is possible, and can lead to loss of soil nutrients from the ecosystem in the long term (van
Wilgen & Le Maitre 1981), since nutrients may be volatilised (nitrogen and sulphur), lost via
leaching, or lost via windswept ash (Vogl 1974; De Bano & Conrad 1978; van Wyk et al. 1992).
Alternative methods to control Arundo in South Africa must be researched or extrapolated from

the USA.
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4.2 Species diversity

Reduced indigenous species diversity beneath Arundo, confirms the need control Arundo and
prevent its further establishment and spread. If invasive alien species such as Arundo are not
controlled, then we are allowing the establishment and spread of a species that we know has
negative ecological impacts, as well as allowing the establishment and spread of other alien
species possibly facilitated by Arundo. High alien species richness further complicates the matter
of control and management, and the greater number of alien species associated with Arundo

implies greater and possibly synergistic impacts.

4.3 Fire behaviour

Fire behaviour of Arundo is context- and site-specific. Invasion by Arundo will alter fuel
properties and complicate fire management in invaded areas. Wildfires could become more
difficult to control, especially under conditions of extreme fire weather. There are likely to be
unseasonal fire risks. Prescribed burning, as a potential control method, will be made more
difficult. Arundo stands in different climatic regions need to be considered as independent, since
climate (temperature and rainfall) has such as great influence on fuel loads of Arundo. Increased
fuel loads (associated with colder and drier areas) will increase fire intensity and rates of spread.
Fire behaviour models have limitations and should not be valued over practical experience and

common Sense.

5. RESEARCH NEEDS

Although it is convenient to extrapolate impacts, ecology and behaviour of species between areas
(justifed on the basis of climatic and habitat similarity), some species such as Arundo have
context-specific impacts, ecology and behaviour. Although both the Western Cape and California
have Mediterranean-type climates, there are differences in morphology and behaviour of Arundo.

Research needs to be within the context of its application.

There are a number of unanswered questions concerning the ecology and management of Arundo.

They are listed below, starting with the most important.
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1. Water use. South Africa is a water-scarce country. Public awareness of major alien plant
species is largely a result of campaigns based on their water use. Arundo has already been
listed as a large user of water in both the USA and South Africa. The results of such an
experiment to determine water use might increase public awareness (e.g. landowners,
conservation officers, and the general public) of Arundo, as well as increase possible funding
for research into control and management of this species. If Arundo is relegated as less
important following such as study, then more focus can be given to alien species that are large

consumers of water.

2. Fire behaviour. Arundo is hardly known in South Africa as creating potential fire hazards, yet
in California it is widely known and even notorious, similar to Hakea and Acacia species in
South Africa. Biomass and fuel loads of Arundo should be investigated around the country,
since climate has a large impact on fuel loads of this species. Fire behaviour models should be
compared and tested against practical knowledge. It is important to determine whether this
species is indeed creating greater fire hazards, or whether it has the potential to under certain

conditions.

3. Social aspects. Many people make use of Arundo products, some without being aware of it.
Impoverished households can support themselves by using plant parts to make products such
as baskets, fences, screens, frames, blinds and ceilings, among others. Cost-benefit analyses
need to be undertaken to determine best methods of control or management to suit users as

well as landowners and conservationists.

4. Control and management. Prescribed burning and cutting are the two methods most used in
South Africa to control Arundo. Burning is dangerous and difficult, and Arundo often grows
back within days. Cutting increases density over time. A more effective control method needs
to be implemented almost immediately to prevent the spread of this species. Biological control
is also an avenue to explore, and collaboration with international experts is essential. A likely
candidate for biological control is the stem-boring wasp Tetramesa romana, which is being
investigated in California (T. Dudley & A. Lambert pers. comm.) and has possibly been seen

Hout Bay, Western Cape.
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5. Growth and spread rate. It may be interesting to determine how Arundo has spread over the
last few decades. Aerial photos and interviews with relevant landowners could be helpful in
determining this. We know that Arundo has a very high growth rate and is very productive. It
is important also to determine how Arundo will react to climate change. Current thoughts and
predictions are that Arundo will thrive better under conditions of climate change, and that

global warming and increased nitrogen in the soil will assist in spreading Arundo further.

6. Impacts on invertebrate and aquatic fauna. Arundo is mainly a riparian invader, where it
reduces plant species diversity and richness. It has impacts on aerial, terrestrial and aquatic
invertebrates in the USA. Little is known about its impacts on those invertebrates in South

African ecosystems.
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