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ABSTRACT 

 

In this study, I aim to provide fundamental demographic knowledge about the 

dynamics of culm recruitment and clump development for the Top End bamboo, 

Bambusa arnhemica in its natural habitat.  A draft management program dealing with 

shoot harvest and other issues is developed, with the aim that the program be adopted 

under the Territory Parks and Wildlife Conservation Act 2005. 

 

Some of the key results from the demographic study were: 

 

• Leafy culm basal area is the main driver of productivity. 

• Parents of new culms were mostly attributable to one and two year-old culms. 

• Productivity was not affected by the size of the clump; except at higher culm 

densities where congestion caused reduced productivity. 

• Small culms have higher rates of mortality than larger culms. 

• Most culms go through a state of senescence before dying, which can persist 

for many years. 

 

Fires, harvesting and herbivory were major extrinsic disturbances with significant 

effects on culm demographics.  Common responses to these disturbances included 

small, congested clumps, reduced culm size, low productivity, and reduced culm 

longevity.  Unexpected flowering was a significant intrinsic disturbance, and resulted 

in increased culm mortality and a dramatic decrease in the number, size and 

productivity of recruits in the year preceding flowering.  The key message from these 

responses is that any action that reduces the vigour of the leaf canopy, or depletes the 

energy store in the rhizome, may affect the productivity, clump expansion and overall 

health of a bamboo clump. 

 

The management of bamboo habitat and the harvesting prescriptions outlined in the 

management program are designed to maintain the health and sustainability of B. 

arnhemica.  Changes to the Territory Wildlife Regulations were recommended in 

regards to royalty payments for commercial harvest, bag-limits for non-commercial 

harvest, and seasonal limitations for commercial harvesting. 
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Chapter 1: General background 

Bambusa arnhemica forest; Mary River Park. 

Flowering Bambusa arnhemica clumps on the lower Mary River; November 2005. 
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Introduction 
 
The Parks and Wildlife Service of the Northern Territory is responsible for the 

issuance of permits for the scientific, commercial and non-commercial harvest of wild 

B. arnhemica.  Concern about the viability of the species in the face of seemingly 

increasing pressure from harvesting, herbivory, land clearance and fire led to the 

decision by the Parks and Wildlife Service to initiate background biological and 

ecological research in 1999, and to develop a management program. 

 

In December of 2003, Donald Franklin submitted a PhD dissertation titled "Ecology 

of the Top End Bamboo, Bambusa arnhemica".  The Parks and Wildlife Service and 

the Key Centre for Tropical Wildlife Management at Charles Darwin University 

funded this research.  In his thesis and in related publications, Franklin provided the 

basic biological and ecological knowledge for B. arnhemica as a prelude to 

management and harvesting considerations.  As part of the fieldwork for his project, 

demographic study plots were established, and two harvest trials conducted.  However 

the data collection was incomplete and there was consequently no analysis or results 

produced. 

 

The demographic consequences of wild bamboo shoot or culm harvesting are very 

poorly represented in the literature, as are published management guidelines with 

meaningful application for B. arnhemica.  Consequently, understanding the dynamics 

of shoot production and the demographic consequences (‘recovery time’) of various 

shoot harvesting regimes is essential when considering the development of a 

sustainable management plan for this species.  This project aims to extend and finalize 

the incomplete demographic component of Franklin’s study, and to develop a draft 

management program for the species. 

 

The general introduction to this thesis is divided into 6 sections.  The Bamboos 

section briefly introduces bamboo, the significance of this plant and its place in the 

world.  The second section on Bamboo in Australia provides an overview of bamboo 

in Australia.  The third section introduces B. arnhemica and provides a more detailed 

background about the biology and ecology of this species and why it is important to 

study it.  The fourth section (The history of Bambusa arnhemica) outlines the 
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traditional and contemporary utilisation of B. arnhemica.  The fifth section 

contextualizes this species in terms of the management situation with wild bamboos in 

general, and outlines the background behind the Northern Territory Parks and 

Wildlife Commission’s decision to develop a management program (Management of 

wild bamboo).  The aims and objectives of this study, and the key questions are then 

outlined in the final section. 

 

The bamboos 
 
“Man can live without meat, but will die without bamboo”                          Confucius 

 

Bamboos (Bambusoideae) are a large subfamily of the grasses (Poaceae), and include 

more than 70 genera with nearly 1500 species of true, woody bamboos in the tribe 

Bambuseae (Ohrnberger 1999).  Bamboos range in size from very small to the king of 

bamboos, Dendrocalamus giganteus, a native of Burma that grows up to 36.5m in 

height with culm girth up to 30cm.  Bamboos naturally occur in a broad range of 

environments on all continents except Europe and Antarctica, from high rainfall 

equatorial and subtropical zones to high mountain areas with severe cold conditions 

(McClure 1966).  Australia is biogeographically situated on the margin of the major 

bamboo zone that is concentrated around the equator (Fig 1.1), with Asia as the 

epicentre having over 6.3 million km2 of natural forest containing bamboos 

(Bystriakova et al. 2003b). 

 

Figure 1.1: World distribution of native bamboo.  Map reproduced from Marden 
(1980) based on data by T.R. Soderstrom. 
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Bamboos have high conservation value, not just because of their own diversity, but 

also because of their association with unique elements of biodiversity.  Bamboos are 

often associated with threatened plants (Bystriakova et al. 2004), and there are also 

many specialized animal species that depend upon them, with the Giant Panda 

(Ailuropoda melanoleuca) from China being the most well known (McNeely 1996).  

Bamboos play an important role in stabilizing soils on slopes and riverbanks, 

preventing erosion and landslips due to their extensive, shallow rhizome system 

(rhizome being a horizontal underground stem)(Soderstrom and Calderon 1979; Tian 

et al. 2003; White and Childers 1945).  Bamboos are also an important element in the 

hydrological function of water catchments and rivers (Bystriakova et al. 2004; Fu and 

Banik 1995). 

 

Many bamboos have the unusual trait of flowering gregariously, which means that all 

plants of a particular species flower at about the same time according to a poorly 

understood biological clock mechanism (Janzen 1976; Simmonds 1980; Troup 1921).  

Sexual reproduction via flowering occurs in most bamboo species at varying intervals 

up to 120 years apart (McClure 1966).  After flowering and producing seed, the parent 

plants of semelparous species die, leaving it up to the seedlings to establish and start 

the whole process again.  In between flowering events, the typical clonal growth form 

of bamboos involves the annual production of new shoots and the development of a 

shallow underground rhizome system (Ueda 1960).  The lifecycle attributes of 

semelparous bamboos is outlined in more detail in Chapter 2. 

 

Most bamboos can be broadly categorized as either ‘running’ or ‘clumping’ bamboos 

depending on their rhizomal growth form (McClure 1966).  Running bamboos 

(leptomorph species) are referred to as ‘monopodial’ species, whereas clumping 

bamboos (pachymorph species) are classed as ‘sympodial’ species.  Monopodial 

species are generally associated with temperate climates, and are characterized by an 

open rhizome network with the ability to produce multiple new culms at some 

distance from the parent culm (this ‘running’ habit has earned this group the 

reputation of being invasive).  Sympodial species are generally associated with 

tropical climates, and are characterized by a single vertical growing shoot from each 

new rhizome, creating distinct and often compact clumps. 
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“Sit quietly and do nothing. Spring will come and the grass will grow by itself.” 

                                                                                        Lao Tzu, circa 2500BC 

 

Compared to most woody plant groups, growth rates of bamboo are dramatic and are 

ranked fifth in a list of the world’s fastest biomass producing plants (El Bassam 

2001).  The fastest documented growth rate of a bamboo culm was recorded in Japan 

on Phyllostachys bambusoides with 1.21m growth in 24 hours (Ueda 1960).  Owing 

to its great potential for rapid biomass production (Pearson et al. 1994), bamboo is 

also considered a significant global net sink for CO2 (Jones et al. 1992). 

 

The clonal growth form and rapid growth rates of bamboo enable annual selective 

harvesting, making bamboo a renewable resource with the potential for ‘truly’ 

sustainable production.  Consequently, bamboo resources have been highly utilized 

for human needs for millennia and still are today, especially in developing countries.  

In Asia for example, bamboo is a part of everyday life and an integral part of the 

culture (McClure 1966), and it has been estimated that every day, some 2.5 billion 

people depend on or use bamboo in some form (INBAR 1999).  In the current global 

context of rapidly diminishing forest resources, deterioration of the ecological 

environment and a movement towards ‘sustainability’, the development and 

exploitation of bamboo resources has become an issue of considerable importance. 

 
Classified as a ‘non-timber forest product’ (NTFP), bamboo supplies material for a 

large range of products, and is rapidly gaining importance both as an internationally 

traded commodity and as a tool for livelihood development.  Bamboo shoots are 

utilised as food, whilst the timber serves as material used in building, paper pulp, 

clothing fibre, charcoal and a range of domestic products including furniture, utensils, 

flooring, fence posts, musical instruments, woven mats and baskets.  Increasingly in 

the western world, bamboo timber is used as flooring and upmarket laminated counter 

tops.  Bamboo plants are also used for wastewater treatment, on farms as windbreaks, 

shelterbelts, dust barriers, forage crops, privacy screens and ornamental garden plants.  

There is virtually no limit to the uses of this resource. 

 

As a NTFP, bamboo is not routinely included in forest inventories, and consequently 

it is difficult to accurately assess the value of bamboo resources (Bystriakova et al. 
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2004).  However, the global domestic trade and subsistence use of bamboo resources 

was estimated to be worth US$4.5 billion per year in 1999, with the export of bamboo 

generating another US$2.7 billion (INBAR 1999).  China currently leads the world in 

bamboo research, exploitation, production, and management, although India is rapidly 

becoming a major force with substantial-government backed programs to expand the 

bamboo sector.  Recent technological advancements have seen a massive industrial 

expansion in the utilization of bamboo resources, especially for products such as 

plywood, flooring, laminates, composite board and chipboard, which are gaining 

increasing market acceptance in the western world. 

 

In many bamboo producing regions of the world, an increase in demand is 

outstripping the supply, putting pressure on existing natural bamboo resources 

(Chihongo et al. 2000; Kigomo 1990; Lakshmana 1994; Prasad 1990; Prasad and 

Chadhar 1988).  Unregulated exploitation and over-utilisation of wild bamboo is 

causing the degradation of bamboo resources worldwide.  This is especially the case 

in many parts of Asia (Banik 1994; Dransfield and Widjaja 1995; Kumar 1990; 

Prasad and Chadhar 1988; Prasad 1985; Rao and Rao 1995; Suwannapinunt 1990; 

Virtucio and Tomboc 1994), but also in Africa (Chihongo et al. 2000; Esegu et al. 

2000; Kigomo 1990; Ongugo et al. 2000) and the Americas (Vazquez-Lopez et al. 

2000).  Bamboos are vulnerable to deforestation, and as a result around 40% of 

bamboo species in the Asia-Pacific region alone are potentially threatened due to the 

small amount of forest cover remaining within their natural ranges (Bystriakova et al. 

2003a; 2003b). 

 

China is the centre of the world’s bamboo diversity and abundance, having 

approximately one-third of the world’s total bamboo forest area, with the largest 

national complement of bamboo species (626) and generic richness in the world 

(Bystriakova et al. 2003b).  Twenty-two genera of bamboo are endemic to southern 

China alone, with the highest potential species richness of 144 species recorded in one 

900km2 region (Bystriakova et al. 2003b).  In great contrast to this, and to put it in 

context, mainland Australia has only three native species of woody bamboo, and these 

are confined to relatively small areas of the tropical north.  
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Bamboo in Australia 
 
The origin of Australia’s three native bamboos and how long they have been here is 

unclear.  It has been suggested by some that B. arnhemica is a recent arrival in 

Australia, ‘invading’ from northern neighbours via Aboriginal migrations or Makassar 

visitations (Bindon 1991; Franklin 2003b; White 1986).  Muller (1997) on the other 

hand suggests that B. arnhemica has a common ancestor along with the other thorny 

Bambusa species from India and South Asia, and has been in Australia more than 40 

million years (remnant Gondwanan vegetation).  In the most recent and 

comprehensive publication, Franklin and Bowman (2004) concluded that the arrival 

of B. arnhemica in Australia from South-east Asia preceded human colonization.  It 

has also been inferred that colonization of mainland Australia occurred on at least 

three occasions; once for each native species (Franklin 2003c). 

 

A brief description of Australia’s three native woody bamboos follows: 

 

(1) Neololeba atra (Lindl.) Widjaja (formerly Bambusa forbesii); commonly known 

as ‘Iron Range Bamboo’, N. atra is a 3-4m tall tropical, clumping bamboo with thin-

walled culms up to 3cm in diameter (Bindon 1991; Widjaja 1997).  Neololeba atra is 

native but not endemic to Australia, and forms thickets bordering watercourses in 

rainforests throughout Papua New Guinea, Indonesia and the Cape York Peninsula in 

Queensland, south to the Cairns and Mackay regions (Mallett and Orchard 2002b).  

There is no documented utilization of this species. 

 

(2) Mullerchloa moreheadiana K.M. Wong (Wong 2005); formerly Bambusa 

moreheadiana, F.M. Bailey); represents a new monotypic endemic genus, and is a 

rampant climbing bamboo that grows up to 35 m long.  Mullerchloa moreheadiana is 

endemic to the dense humid rainforests of the east coast of north Queensland (Muller 

1997) centred around the Cairns region (Fig 1.2; (Mallett and Orchard 2002b).  There 

is no documented utilization of this species. 

 

(3) Bambusa arnhemica F. Muell. (Top-End Bamboo); is the only woody bamboo 

species naturally occurring in the Northern Territory (endemic), and is the focus 

species of this thesis (described in detail below). 
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Figure 1.2: The natural distribution of three native species of woody bamboo in 
Australia.  Bamboo distributions modified from Liddle et al. (1994) and Mallet & 
Orchard (2002a).  Original map prepared by Daniel McIntyre, modified by Hogarth; 
reproduced with permission from Franklin (2004b). 
 
Recently, there has been increasing interest in the development of exotic bamboo 

crops in northern Australia, mainly for production of edible shoots.  Most research 

and development work has been carried out by the Primary Industries Research 

Centre at Central Queensland University, supported by the Rural Industries Research 

and Development Corporation’s New Industries Development Initiative (Barnes et al. 

1999; Kleinhenz and Midmore 2002; Midmore 1998).  The primary focus of 

commercial production is to supply the local demand for shoots, which is currently 

met through the importation of tinned product from Asia (Barnes et al. 1999; 

Kleinhenz and Midmore 2002; Midmore et al. 1998).  Approximately one-third of 

local demand is met by Australian producers from plantations of exotic Asian species, 

however a small amount comes from the wild stands of B. arnhemica in the Northern 

Territory (Midmore et al. 1998). 

 

Commercial growers of edible shoot species in the Northern Territory prefer that their 

bamboos produce shoots earlier, rather than later, in order to benefit from market 

 

 

Mullerchloa 
moreheadiana 
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demand in cooler climates (Berryman 2005).  However, it is becoming increasingly 

apparent that even the commercial viability of tried and proven exotic bamboo species 

is marginal at best in the Northern Territory (Berryman 2005), leaving B. arnhemica 

shoots as a niche wild-harvest bush food only, with some harvesting of culms for 

didjeridus and spear shafts. 

 

The biology and ecology of Bambusa arnhemica 
 
Bambusa arnhemica is classified as ‘least concern’ according to the Territory Parks 

and Wildlife Conservation Act 2005, section 29 (2005).  The distribution of this 

species is limited to the higher rainfall regions of the monsoonal tropics in the far 

northwest of the Northern Territory; an area with 1200–1800mm of average annual 

rainfall (Fig 1.3).   
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Figure 1.3:  Natural distribution of Bambusa arnhemica.  Bambusa arnhemica 
populations represented by black dots, based on 1601 locations surveyed by Franklin 
(2003c).  Map prepared by Daniel McIntyre, reproduced with permission from 
Franklin (2003c). 
 



 -     11 
 

Within the distribution, B. arnhemica is abundant, and is most commonly found in 

mono-dominant or mixed riparian vegetation along major watercourses and tributaries 

(Plate 1.1 and 1.2), but less commonly as isolated stands on rocky hillsides and 

coastal headlands (Brock 1993; Franklin and Bowman 2003; Franklin and Bowman 

2004).  Bambusa arnhemica communities are embedded within the savanna 

woodlands that characterize the region (Franklin and Bowman 2004).  It is classified 

as being a component of the seasonally dry, semi-deciduous and coastal or sub-coastal 

‘Northern Territory monsoon rain forest’(Franklin and Bowman 2004; Liddle et al. 

1994; Russell-Smith 1991). 

 

 

 

 

 

 

 

 

 

 

Plate 1.1: Riparian Bambusa arnhemica              Plate 1.2: Riparian Bambusa arnhemica  
fringing the Adelaide River.                                  on the South Alligator River. 
 
 

Bambusa arnhemica is a medium sized, pachymorph bamboo.  It is clonal, long lived 

(40 - 50 years), semelparous and facultatively deciduous (Franklin 2003c; Franklin 

2005b).  The species is similar in form, and has close affinities to several thorny Asian 

bamboos including Bambusa bambos and Bambusa blumeana (Muller 1997). 

 

In habit, B. arnhemica clumps are composed of a compact cluster of erect culms with 

pendulous tips, often with a hedge of thorny basal branches (Fig 1.4).  Clumps may 

have fewer than ten, to more than 100 live culms per clump (Franklin 2003c).  Culms 

are thick walled and hollow, mostly 12-18m tall, with diameter at breast height (1.3m) 

mostly 6-8cm (Franklin 2003c), with the largest culm diameter recorded at 13cm.  

New culms are produced every year, with the growing tips (shoots) emerging during 

the first half of the wet season (November to January).  The major commitment to 
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culm growth occurs in the mid-to late-wet season with maximum growth rates of 20-

30 cm per day (Franklin 2005b). 

 

Bambusa arnhemica is one of a number of bamboos that is long-lived, but flowers 

only once, producing seed prolifically before dying (semelparity) after an estimated 

40–50 years of vegetative development (Franklin 2004c).  Such a flowering event has 

been happening in a flowering ‘wave’ that commenced in 1996 and is ongoing, with 

approximately 90% of the bamboo having flowered by early 2006 (Franklin pers. 

comm.).  Clumps generally start flowering and shedding leaves in late June to early 

July, and continue for 4-5 months (Franklin pers. comm.).  The main seed drop is in 

late October to early November, but can continue up to as late as April (Hogarth pers. 

comm.).  Seed germination occurs en masse following the first substantial rains of the 

wet season, usually around November.  Most parent clumps that have flowered persist 

in a degraded state through the following wet season and then die with the onset of the 

following dry season (around April; Franklin pers. comm.). 
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Figure 1.4: Some morphological features of Bambusa arnhemica.  A. leafy clump; 
B. flowering branch; C., D., E. seed; F. pseudospikelet; G. lemma; H. & I . palea; J. 
developing flower branch showing leaf-like inflorescence sheath blades; K . a set of 
stamens; L . ovary and stigmas; M . lodicule (illustration prepared by Monika 
Osterkamp Madsen; reproduced with permission, from Franklin (2003c)). 
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The history of Bambusa arnhemica 
 
Baron Ferdinand von Mueller made the original taxonomic description of B. 

arnhemica in 1886.  However, the first documented account of the species by 

European explorers to the Darwin region was made in 1829 by T.B. Wilson (1835), 

who describes an Aboriginal man playing a didjeridu made of bamboo at Raffles Bay 

on the Coburg Peninsula (see Fig 1.2; NB: The possibility that this bamboo was not B. 

arnhemica, but some other species acquired through trade with the Macassars is 

acknowledged).  Since then, many other early explorers documented B. arnhemica 

including Captain J.L. Stokes (1846) during the journey of the Beagle in 1839, who 

described the coastal bamboo stands on Talc Head on the northwest side of Darwin 

Harbour.  Leichhardt (1847), Stuart (1865 (facsimile 1984)), McKinlay (1866) and 

Etheridge (1893) also made early references to B. arnhemica. 

 

Bambusa arnhemica has been utilized by the Indigenous people of northern Australia 

for potentially thousands of years, and there are many documented uses including 

didjeridu production, spear shafts (fishing and war), smoking pipes, water carrying 

vessels, wood-carving chisels and rafts (Berndt and Berndt 1988; Bindon 1991; Blake 

et al. 1998; Lazarides 2002; Marrfurra et al. 1995; Midmore et al. 1998; Tindale 

1925).  There is evidence that B. arnhemica was traded extensively into Arnhem Land 

and as far west as the Kimberley region of Western Australia (Berndt and Berndt 

1988; Thomson 1949).  For example, it is documented by Tindale (1925) that the 

people from Caledon Bay on the east Arnhem coast specialised in making bamboo 

fighting spears (Caledon Bay is approximately 420km east of B. arnhemica’s natural 

distribution; see Fig 1.2).  There is however, no evidence that Indigenous people of 

northern Australia utilised B. arnhemica shoots for food. 

 

Studies have shown that many early didjeridus were made from bamboo, and this is 

supported somewhat by variants of the word “bamboo” used in the lingua franca in 

some tribal Aboriginal groups when referring to the instrument (Moyle 1981).  For 

example, the Warray Aboriginal tribe from the Adelaide River region uses the word 

‘bambu’ as their name for didjeridu, and there are other examples from different tribes 

including the words bombo, kambu and pampuu.  But this raises some unresolved and 

interesting questions beyond the scope of this study, such as: Where did the word 
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"bamboo" originate? How did Aboriginal groups come to be using phonetic 

equivalents? And was this term recently adopted from the Macassars? 

 

There is only a limited and very recent history of wild shoot harvesting for food, and 

cultivation of the species in plantations (Cusack 1999; Muller 2002).  Bambusa 

arnhemica has been in small-scale cultivation in several areas of Queensland for 

approximately 20 years, and by some landholders around Darwin, where the 

commercial potential for shoot and culm production is being explored (Kyle 2002).  

Bambusa arnhemica is available at a number of specialty bamboo nurseries in 

Australia (Cusack 2002b) and the USA (ABS 2003). 

 

From the viewpoint of resource management, the rapid clonal growth form of B. 

arnhemica lends itself to a continuous annual harvest of shoots or culms by thinning a 

clump without killing the plant, potentially resulting in a truly sustainable harvest.  

However, bamboos are susceptible to over-harvesting and B. arnhemica is no 

exception to this.  Bambusa arnhemica is potentially subject to some harvesting of 

seeds (when available) and culms, however it is the young culm shoots of wild B. 

arnhemica that are in the most demand, as they are regarded as a desirable food 

mainly by the Asian population in and around Darwin.  Consequently shoots are 

harvested for personal consumption and for sale on local and interstate markets 

(Midmore et al. 1998).  Most commercial activity has been limited to supplying local 

demand, however there were reports of “tonnes” of B. arnhemica shoots being sold at 

“southern” markets in the late 1990s (Cusack 1999). 

 

Illegal and uncontrolled harvesting of B. arnhemica, combined with other forms of 

environmental pressures such as herbivory by feral animals (Franklin pers comm.), 

and damage from wild fire (Franklin and Bowman 2004) are threatening the health 

and vigour of the wild stands of B. arnhemica (Muller 2002).  The development of a 

sustainable management plan for this species is therefore essential, and consequently 

an understanding of the population dynamics, productivity and the effect of various 

shoot-harvesting regimes is required. 
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Management of wild bamboo 
 
The Northern Territory Government, through the Parks & Wildlife Service, is 

committed to the sustainable use of wildlife as a strategy to permit and encourage 

economic development that places value on wildlife and wildlife habitats (Parks and 

Wildlife Commission 1997b).  The development and implementation of management 

programs approved under the Territory Parks and Wildlife Conservation Act are 

important tools for the management of wildlife in the Northern Territory.  

Management programs adopted include those for crocodiles (Parks and Wildlife 

Commission 1996), cycads (Parks and Wildlife Commission 1997a) and Magpie 

Geese (Parks and Wildlife Commission 2003).  In addition to sustainable use 

programs, Parks and Wildlife have also developed and implemented a series of 

management programs for threatened species in the Northern Territory, such as the 

Management Program for Ptychosperma bleeseri (Parks and Wildlife Commission 

1998). 

 

The Parks and Wildlife Service have been issuing permits for commercial, personal 

use and scientific harvest of wild B. arnhemica.  A permit is required for commercial 

harvest whether on crown or private land, with a royalty payable on crown land (not 

for scientific purposes).  However Parks and Wildlife are issuing these permits 

without a management program in place, and with little understanding about the 

biology, ecology or sustainability of this harvest.  Concern about the viability of the 

species in the face of seemingly increasing pressures led to the decision by Parks and 

Wildlife to support the development of a management program. 

 

In agricultural situations, the protocols for optimal management of bamboo are 

unclear and are an active field of research within Australia (Midmore et al. 1998; 

White and Midmore 2002) and overseas (Li and Denich 2002; Shanmughavel and 

Francis 1997).  For wild bamboo, even less is known about the ecological and 

biological basis for sustainability.  Land tenure, distance from settlement and 

ecological considerations frequently preclude the more intensive-management 

practices used in plantations.  In plantations, harvest regimes are generally based on 

the retention of a prescribed number of new culms per clump or hectare and the 

retention of mature culms until the optimal age for harvest (Cusack 1999; Deogun 
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1936).  Such prescriptions would be difficult, if not impossible to implement and 

monitor in the remote and infrequently visited wild stands of B. arnhemica; especially 

on Crown Land where there is no land tenure or incentive for such intensive clump 

maintenance. 

 

Irrigation, soil cultivation and the application of fertiliser is also commonly practiced 

in plantation managed bamboo (Cusack 2002a; Isagi et al. 1997a; Philippine Council 

for Agriculture 1991; Ueda 1960).  In Asia, attempts to increase the productivity of 

wild bamboo stands has involved such intensified management practices, and 

effectively the conversion of some stands from wild to plantation status (Azmy 1995; 

Azmy et al. 1997; Luo Hua et al. 2001; Philippine Council for Agriculture 1991).  

This process comes at an environmental cost (Rawat 1997, Ruiz-Perez et al. 2001), 

and may not fit Parks and Wildlife’s policy towards the sustainable use of wildlife 

because of possible detriment to B. arnhemica’s supporting ecosystem. 

 

The draft Management Program in Chapter 3 of this thesis is catered to the unique 

anthropogenic environment in which B. arnhemica is found, and is designed to 

promote the long-term viability and sustainability of this resource. 

 

Aims and layout of thesis 
 
This study is the culmination of a six-year research effort at the School for 

Environmental Research at Charles Darwin University; largely funded by the Parks 

and Wildlife Service.  This study builds on the substantial biological and ecological 

body of work conducted by Dr Donald Franklin for his PhD thesis and in subsequent 

publications (see References).  This thesis comprises four chapters.  The core research 

chapter (2) is written in a self-contained form, and therefore this introductory chapter 

is general in nature.  Chapter 3 is written in the form of a working draft management 

program for submission to the Parks and Wildlife Commission of the Northern 

Territory.  Chapter 4 is a brief synthesis with conclusions and directions for further 

studies. 
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The main objectives of this study were: 

 

(1) To develop an understanding of the basic biology underlying shoot-production 

and clump development of Bambusa arnhemica in its natural habitat 

(demography, Chapter 2). 

 

(2) To develop a draft Management Program that incorporates the sustainable 

harvesting of wild Bambusa arnhemica shoots and other products (Chapter 3). 
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Chapter 2: Demographic study 
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Introduction 
 
Most commercial production of bamboo comes from wild stands (Rao and Rao 1995; 

Smitinand and Ramyarangsi 1980), and yet research has neglected wild bamboo, 

focussing on the plantation industry (Fu and Banik 1995; Liese 1991; Sastry 1998; 

Williams 1998).  Given the importance of this resource, it is surprising how little 

attention the demographics underlying this production have received.  This is 

especially true for tropical monsoonal regions such as India where so much of this 

production occurs (Tripathi and Singh 1996). 

 

Information about culm size, culm productivity, culm life spans and clump expansion 

behaviour is essential for the development of management systems in bamboo 

plantations (Banik 1988), and for management considerations of wild bamboos.  This 

demographic information is essential in order to determine sustainable harvesting 

levels and the potential impact of harvesting on clump health. 

 

Demographic analyses and harvest trials are relatively straightforward in plantation-

grown bamboos where access to the clumps is easy, and clumps are well defined, 

ordered and usually monogenic.  In comparison, wild bamboo clumps are often 

difficult to access, clump definitions can be ambiguous, there is often a tangled mix of 

dead and dying culms, and a single clump may be composed of multiple genets 

(Franklin and Isagi unpublished; Taylor and Zisheng 1993b).  Furthermore, there are 

no standardized methods of quantifying clump size or defining clump boundaries for 

wild bamboos, and the commonly used methods of measuring productivity can be 

misleading and uninformative.  Quantifying clump size and the rates of culm 

productivity is critically important when considering the management and sustainable 

harvest of culm shoots from any wild bamboo.  Therefore, more accurate and 

informative ways to measure clump size and productivity were explored in this study. 
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The lifecycle of semelparous bamboos 
 
Bamboos share a life history similar to that of other clonal plants, including a variety 

of tussock grasses, herbs and a few tree species.  However, the biology of clonal 

plants and the ecological and evolutionary basis for their dominance is poorly 

understood (de Kroon 1993; Hamilton et al. 1987; Pan and Price 2001; Tanner 2001; 

van Kleunen et al. 2002).  Semelparous bamboos have a number of unusual 

reproductive, physiological and anatomical attributes that need to be understood when 

considering their management and sustainable harvest of shoots. 

 

Bamboo plants have no central trunk or main axis, instead comprising a number of 

segmented vegetative axes (ramets) that may be differentiated as rhizomes, culms and 

culm branches (McClure 1966).  In favourable conditions, ramets are overproduced so 

that only some of the emergent culms fully develop with a rhizome, root system, 

culm, branches and foliage (Franklin 2005b).  Unlike dicotyledons, bamboos lack 

cambial meristems and consequently have no secondary xylem growth (McClure 

1966), with culms achieving their maximum diameter prior to elongation (McClure 

1966; Simmonds 1963).  Bamboo culms are recruited by the expansion of parent 

rhizome buds in annual cohorts, and are formed during an often extraordinarily rapid 

elongation period (Ueda 1960).  Culm recruits do not develop branches and leaves 

until elongation is more or less complete (Franklin 2005b). 

 

Clump growth of sympodial bamboo species such as B. arnhemica generally occurs 

whereby rhizomes spread outward from the centre, with the majority of new culm 

shoots occurring on the periphery of the clump, thus causing the slow expansion of 

clump girth (McClure 1966; Seth 1954).  When the number of mature culms reaches a 

certain density, natural congestion of above and below ground plant parts can occur 

(Isagi et al. 1997a; Kondas 1981; Oshima 1931).  The lifespan of individual culms is 

considerably less than that of the genet (Pearson et al. 1994; Taylor and Qin Zisheng 

1993), resulting in mature genets comprising large numbers of culms with mixed 

ages, and in wild or unmanaged bamboos, a proportion that are dead and senescing.  

In the wild, what appears to be a discreet clump (cluster of bamboo culms) may be 

derived from more than one seed (Franklin and Isagi unpublished; Pearson et al. 

1994). 
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Semelparous bamboos change reproductive mode from clonal to sexual after an 

extended period of vegetative development (generally 30-60 years, but in some 

species over 100 years), flowering only once, and then seeding prolifically before 

dying (Janzen 1976).  The onset of flowering may be synchronous among ramets, 

genets and whole stands, and is determined by an endogenous biological clock 

mechanism (Franklin 2004c).  For B. arnhemica, flowering patches may range from 

one hectare up to 90 kilometres across (Franklin 2004c).  Many bamboos, including 

B. arnhemica, produce seed in great surplus to the requirements of the next generation 

(Franklin 2004c), and yet clump size (and therefore culm recruitment) is critical to the 

next generation because this determines the space available (Franklin and Bowman 

2003). 

 

Semelparous bamboos reproductive strategy is risky, exposing cohorts and potentially 

whole populations to the consequences of catastrophic disturbance events (Young and 

Augspurger 1991).  The commonly accepted evolutionary explanation for 

synchronous flowering and semelparity in bamboos is based on the ‘predator satiation 

theory’ (Janzen 1976).  This is where the seed is preyed upon very heavily by animals, 

with predation proportionally heaviest on the tails of the seeding distribution; 

therefore promoting synchrony in future generations (Janzen 1976).  Furthermore, 

parental death following flowering creates canopy gaps (Foster 1977), which is 

beneficial to bamboo seedlings because of light availability (Banik 1997b; Tewari 

1992). 

 

The new generation bamboo genet begins life as a small, single culm produced from 

seed.  This culm does not grow into an "adult", but instead produces the next cohort of 

culms.  Successive culm cohorts are larger than the previous one until "adult" or 

“mature” size is achieved (Banik 1988)(Plate 2.1), after which further increase in 

genet size is achieved solely by increasing the number of culms.  In some bamboos 

this process of maturation can take up to 15 years (Pearson et al. 1994). 
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Plate 2.1: Regeneration of Bambusa arnhemica  
showing three years of larger successive culm  
cohorts (Photo by Don Franklin). 

 

Demography of wild, clumping bamboos 
 
From the scant literature available, it is difficult to make any sweeping generalisations 

about the demographic attributes of wild, clumping bamboos in the monsoonal 

tropics.  However there are some generalisations that characterize the culm dynamics 

of other clonal plants that are relevant to this study.  They are as follows:  

• Annual birth and death rates of culms may be high. 

• Culm mortality is annually constant or increases in time, but varies seasonally. 

• Mortality rates are higher for smaller culms compared to larger culms.  (Cook 

1985; Eriksson 1988; Hamilton et al. 1987; Schmid and Bazzaz 1987). 

• Ramets are capable of independent growth, but are usually physiologically 

connected by a common rhizome system (Alpert 1991; Hamilton et al. 1987; 

Pitelka and Ashmun 1985; Schmid and Bazzaz 1987). 
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Integration of multiple levels of individuality in the demographic analysis of clonal 

plants in general is lacking (Cook 1985; Tanner 2001), with only a few studies 

systematically considering both ramets (culms) and genets (clumps), and only then in 

separate analyses (Damman and Cain 1998; Hartnett and Bazzaz 1985; Souza et al. 

2003). 

 

There are no studies prior to this one focused purely on the culm demographics of 

‘un-manipulated’ wild bamboo stands from the monsoonal tropics.  Previous studies 

are from cool-temperate zone clumping bamboos in Argentina, China and Chile 

(Pearson et al. 1994; Taylor and Zisheng 1987; Taylor and Zisheng 1993b; Veblen 

1982).  These few published demographic studies concentrate on culm survival and 

production, with limited or no consideration of clump-level interactions (Pearson et 

al. 1994; Taylor and Qin Zisheng 1993; Tripathi and Singh 1996). 

 

Culm survival, senescence and mortality 
 
There is currently no standardised method of quantifying culm longevity or survival.  

This reflects the often drawn out stage of senescence in the process of dying, whereby 

a vigorous, leafy culm first loses its leaves, and then culm tissue starts dying at the tip, 

moving progressively towards the rhizome, internode by internode (Franklin and 

Hogarth, pers. obs.).  Despite this ambiguity, a number of authors have documented 

longevity of wild bamboo culms according to unspecified definitions of culm status. 

 

In a demographic study of cool-temperate-zone bamboo species in China, Taylor and 

Zisheng (1987; 1993b) concluded that the culm demography of three ‘un-

manipulated’ species in their study were similar to culm populations in other clonal 

plants.  Annual birth and death rates of culms were reported, with average mortality 

rates for Fargesia scabrida, Gelidocalamus fangianus and Fargesia robusta at 8.5%, 

9.1% and 10.6% respectively.  For mature culms, mortality rates were constant or 

increased in time, but varied seasonally.  They also found that annual recruitment 

rates varied eightfold or more, but that culm numbers remained relatively constant in 

most sites (± 20%).  High mortality of recruits less than six months old (46% and 

31.5%) was found in a study of cool-temperate-zone bamboo species in China (Taylor 
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and Zisheng 1993b), however culm mortality became constant after shoots matured.  

In a study of another cool-temperate-zone bamboo species (Chusquea culeou) in 

southern Argentina, Pearson et al. (1994) found less than a 50% shoot survival rate 

and a 4.6% average annual rate of increase of the number of live culms. 

 

Veblen (1982) estimated the longevity of individual Chusquea culeou culms to be at 

least six years, whereas Taylor and Zisheng (1993a) estimated the potential lifespan of 

F. robusta to be 12 years, and that of Bashania fangiana to be 10 years.  Vazquez et 

al. (2004) estimated the potential life span of individual culms of Otatea acuminata 

from natural bamboo stands in Western Mexico to be eight years.  In a seven year 

study of wild Bambusa bambos (Giant Thorny Bamboo) from southern India, 

Lakshmana (1994) found that individual culms grow over a period of three years and 

then stop, with individual culms starting to decay and die after seven years. 

 

Parentage 
 
In bamboos, parent and offspring culms remain connected underground by woody 

rhizomes for a number of years (Jenik 1994; Ueda 1960), and these connections are 

vital to subsequent ramet production (Isagi et al. 1997a; Saitoh et al. 2002).  An 

isotopic (15N) assessment of intraclonal regulation in C4 perennial grasses by Derner 

and Briske (1998) provides experimental evidence for culm hierarchies (parent-

offspring relationships) as the units of physiological integration.  The study found that 

culm hierarchies within a genet do not equitably share resources (based on root 

uptake), and that there was substantial resource redirection from the parent to up to 

fourth generation offspring (Derner and Briske 1998). 

 

In a study of Bambusa bambos in the South Indian state of Karnataka, Lakshmana 

(1990) observed that 77% of the new culms produced were from one year old culms, 

20% were from two year old culms and only 3% were from older culms.  It has been 

suggested that culms older than the third year provide little if any support to the new 

culms, and that the productivity of bamboo forests depends on the production and size 

of new culms (Chaturvedi 1988). 
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Factors effecting productivity and clump expansion 
 
Rhizome resources are photosynthates (carbohydrates) accumulated during non-

recruitment periods (Li et al. 1998b; Oshima 1961; Ueda 1960).  The ability of a 

clump to produce new ramets is related to the vigour of the leaf canopy and the 

available rhizome resources of the parent ramets within culm density constraints 

(Isagi et al. 1997a).  Any action (disturbance) that reduces the vigour of the leafy 

canopy, or depletes the available energy stored in the rhizome may affect the 

productivity, clump expansion and overall health of a clump. 

 

Over-harvest of bamboo has been demonstrated to cause a decrease in productivity in 

the form of reduced ramet recruit size (Masiga et al. 2001; Prasad 1985), in extreme 

cases leading to a total collapse of productivity (Banik 1997a; Kondas 1982).  Intense 

shoot harvesting of B. arnhemica has also been demonstrated to cause a reduced 

ramet recruit size and a permanent loss of biomass without inter-year recovery 

(Franklin 2006). 

 

Browsing of culm shoots by herbivores has been observed and documented in many 

natural and plantation bamboo forests (Lakshmana 1990; Lakshmana 1994; Prasad 

1985).  In a study of B. bambos and D. strictus in India, Prasad (1985) reported high 

susceptibility of new shoots to herbivory from various animals, including the pig (Sus 

scrofa), a feral in the Northern Territory.  A by-product of herbivory can be dry or 

hardened soil surrounding bamboo clumps due to compaction caused by cloven-

hoofed herbivores, which can contribute to clump congestion (Troup 1921). 

 

The impact of fire and flood-water inundation on B. arnhemica culm demographics is 

a point of interest because this species is subject to both of these potentially 

catastrophic disturbance events on a close to annual frequency (Franklin and Bowman 

2003).  Franklin & Bowman (2003; 2004) have postulated that the landscape niche 

occupied by B. arnhemica is greatly restrained by fire, though they demonstrated that 

fire has little effect on seedling survival and growth.  Inundation and disturbance by 

flooding are key ecological processes affecting riparian forests (Karrenberg et al. 

2003; Oliveira-Filho et al. 1994; Williams 1979).  Bamboos are generally intolerant 

of water-logged soils (Tewari 1992).  However Franklin & Bowman (2003) 
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documented an average annual flood water inundation period of 60 days in down-

slope clumps of B. arnhemica. 

 

Clump congestion, low productivity and a proliferation of small culms has been 

observed to occur in ‘disturbed’ bamboo clumps, especially when peripheral culms 

and shoots are subjected to damage caused by over-harvesting, herbivory and fire 

(Soderstrom 1981; Troup 1921).  Clump congestion occurs when new culms are 

produced year after year within the confines of the restricted clump, resulting in over-

crowding with the new culms bending and twisting in all directions in an effort to 

penetrate the dense mass of older culms (Seth 1954; Troup 1921).  If this process 

persists, rhizome death can occur, and over time a dense mass of dead rhizomes 

prevents the living rhizomes from spreading outwards (Seth 1954; Troup 1921).  Such 

pressures have been reported to stress bamboo plants to the point where they become 

weak and prone to mortality (Chaturvedi 1988; Prasad 1987), or even causing 

premature flowering and death (Dwivedi 1990). 

 

Another issue affecting clump expansion is the often reported but little documented 

process whereby productivity in bamboo decreases in the period before a mass 

flowering (Deogun 1936; Kurz 1876; Numata et al. 1974; Prasad 1987; Seth 1954; 

Troup 1921; Vazquez-Lopez et al. 2004).  In a study of Otatea acuminata in Mexico, 

Vazquez-Lopez et al. (2004) reported that when the flowering process is about to 

initiate, clumps stop producing new shoots, and culms becomes brittle and unhealthy.  

Studies in India have also found that there is no production of new shoots in the 

shooting season prior to flowering (Deogun 1936; Kurz 1876; Troup 1921).  Prasad 

(1987) reported an overall decrease in clump vigour, with a declining trend in annual 

culm recruitment and yield in the period before gregarious flowering of 

Dendrocalamus strictus. 

 

Periodicity: peaks and troughs of productivity 
 
An issue in bamboo demographics that has been the subject of much speculation is the 

observation that bamboo stands tend to alternate annually between high and low 

productivity (Li et al. 1998a; Pearson et al. 1994; Smitinand and Ramyarangsi 1980; 
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Taylor and Zisheng 1993b; Ueda 1960; Veblen 1982; Wimbush 1945).  Veblen 

(1982) postulated that these annual fluctuations resulted from the interaction of stand 

density with stand age and weather variation.  Li et al (1998a) suggested that the 

biennial production of shoots appears to be related to the two-year life span of the 

leaves, with high shoot production years alternating with high leaf production years. 

 

Smitinand and Ramyarangsi (1980) reported alternate years of culm recruitment 

productivity for B. bambos, with annual culm production of approximately 25 tonnes 

per hectare during an ‘on’ year and five to eight tonnes per hectare during an ‘off’ 

year.  In another demographic study of Chusquea culeou in Chile, Veblen (1982) also 

observed considerable annual fluctuation occurring in the number of new culms as 

well as in the mortality of older culms.  After a seven year study of productivity and 

culm recruitment of B. bambos in southern India by Lakshmana (1994), it was 

concluded that additional observations spanning several more years would be 

necessary before confident recognition of periodicity in the form of ‘low vitality’ 

years would be possible. 

 

Objectives 
 
The objective of this demographic study was to develop an understanding of the 

dynamics of culm-shoot production and clump development in the Top End Bamboo, 

B. arnhemica in its natural habitat.  This demographic study was designed to provide 

the necessary biological background for the development of the management program 

for the species (Chapter 3).  This was achieved by analysing and interpreting data 

collected from two field sites established by Dr Don Franklin in April of 2001, with 

fieldwork conducted annually from April to June over five successive years finishing 

in 2005.   

 

Specific questions relating to the objectives of this demographic study were as 

follows: 

• What is the best way to measure clump size and recruitment? 

• How did clump biomass (measured as the basal area of leafy culms), 

productivity and culm size vary over time? 
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• How does culm status change with time? 

• How does survival and mortality change with culm age? 

• How long do culms persist in a leafy and senescent state before dying? 

• Do large culms live longer than small culms? 

• What were the effects of clump size on recruit size? 

• What are the effects of clump size on productivity (recruitment density)? 

• What were the average densities of culms within clumps for each site? 

• Does including a measure of culm density within a clump improve the power 

of leafy culm basal area as a predictor for culm recruitment? 

• Are culm recruits bigger than their parents? 

• At what age do parent culms produce recruits? 

• How many recruits is a parent culm likely to produce? 

• How did disturbance events such as fire and flowering effect culm 

demographics? 

 

Methods 

Study region 
 
The north-western region of the Northern Territory where B. arnhemica occurs is 

tropical and intensely monsoonal, with high daily temperatures and high solar 

radiation throughout the year (B.O.M. 2004; Wilson et al. 1990).  There are four 

seasons divided according to precipitation; wet, wet-dry transitional, dry, and dry-wet 

transitional (Duff et al. 1997).  Seasonal rainfall is reliable and heavy, with 95% of 

the mean annual rainfall of 1600 mm falling between October and April and 65% of 

the total annual rainfall occurring in the wet season (January to March)(Eamus and 

Cole 1997).  The dry season months of June, July and August each have a median 

rainfall of zero (B.O.M. 2004; Duff et al. 1997; McDonald and McAlpine 1991), 

however the onset and conclusion of the wet season have less predictable rainfall 

(Taylor and Tulloch 1985). 

 

Taylor and Tulloch (1985) reported that annual evaporation exceeds rainfall in the 

region by about 600 mm.  Mean daily temperature varies by only 2-4˚C throughout 
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the year, with daily maximum temperatures exceeding 30°C on more than 300 days 

per year (B.O.M. 2004).  Daily maximum temperatures rarely fall below 25°C, and 

daily minimum temperatures very rarely fall below 10°C (McDonald and McAlpine 

1991; Williams et al. 1997). 

 

Study sites 
 
Two field sites were established towards the end of 2000, with the initial assessments 

made in April of 2001.  Fieldwork was conducted annually for five years at the Mary 

River site and only four years at the Owens Lagoon site due to the flowering and 

subsequent death of most clumps in the fifth year.  The bamboo at both sites was 

situated on perennial rivers subject to massive seasonal fluctuations in water levels 

and prolonged periods of inundation (Franklin and Bowman 2003).  The vegetation 

along the riverbanks at both sites and around the billabong at the Mary River site 

consisted of a mixed riparian community of Eucalyptus camaldulensis (River Red 

Gum), Corymbia polycarpa (Long-fruited Bloodwood) and rainforest species 

including Nauclea orientalis (Leichhardt tree).  Both sites had vegetatively mature 

clumps of B. arnhemica at the beginning of the fieldwork period, and did not have any 

signs of participating in the prevailing ‘gregarious flowering wave’ and mass die-off 

occurring in the region as described by Franklin (2004c). 

 

Mary River 
 
The primary field site (henceforth known as the ‘Mary River site’, or MR) was 

located approximately 120km ESE of Darwin on the gently sloping banks of a 

billabong (part of the river during flooding in the wet season, but a separate water 

hole in the dry season) situated within the flood zone of the Mary River at Mary River 

Tourist Park (12º 54’ 48" South, 131º 39’ 19" East).  The soils were deep, alluvial 

clay-loams to cracking black clays.  This site was protected from shoot harvesting and 

feral pig damage, but was burned during a fire in August of 2001 following the first 

year of assessment.  The fire was started several kilometres away during windy 

weather, and was driven by high fuel loads of invasive gamba grass (Andropogon 

gayanus) located in close proximity to the bamboo stand. 



 -     31 
 

Owens Lagoon 
 
The other field site (henceforth known as the ‘Owens Lagoon site’, or OL) was 

located approximately 75km southeast of Darwin near Owens Lagoon on the steep 

sloping riverbank of the Adelaide River (OL; 12º 59’ 00" South, 131º 15’ 30" East).  

This site was not protected from shoot harvesting and feral pig damage, and there was 

substantial evidence of both of these disturbances.  There was also evidence of less 

severe fires at this site during the data collection period, but no quantified assessment 

was made of the extent or impact.  This was because visual impacts were substantially 

ameliorated between being burnt late in the dry season, and data collection in the 

middle of the following dry season (the site was inaccessible for much of the year).  

The soil was floodplain alluvium, yellow-brown clay loams of a lighter texture and 

apparently less fertile than the Mary River site (Franklin pers. comm.).  Most bamboo 

clumps at this site flowered and died in 2004/2005, and therefore no demographic 

assessment could be made in the planned final year of assessment (2005). 

 

A comparison of two sites 
 
Stands at two sites were used in this study; however there were a number of 

significant unplanned disturbances as outlined in the previous two sections.  The 

different disturbances experienced at the sites provided an ideal opportunity to 

investigate their impacts (not as formal experiments) by comparing the key 

demographic trends and responses within a site. 

 

Comprehensive and systematic studies on the effects of fire on culm demographics in 

bamboos are lacking, despite the significant implications for the plant health and 

associated management issues.  The unanticipated fire at the Mary River site allowed 

an exploration of the impact of this disturbance on B. arnhemica culm demographics, 

with one years worth of data collected prior to, and four years worth of data collected 

post-fire. 

 

At the Owens Lagoon site, four years of demographic data were collected in the lead 

up to the unanticipated flowering.  Systematic observations of the demographic 
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changes caused by this processes are lacking, despite the significant implications for 

predicting imminent flowering events and the associated management issues. 

 

The negative impacts of herbivory and over-harvesting has been observed and 

documented in many wild and cultivated bamboo forests.  In this study there was very 

little damage from herbivory and harvesters observed at the Mary River site, but 

considerable damage from both observed at the Owens Lagoon site (Franklin & 

Hogarth pers. obs.).  Although not quantified, this difference between sites provides 

insights into the general health and demographic response of B. arnhemica 

populations exposed to such sustained and long-term disturbances.  Therefore this 

data is reported descriptively in the discussion section of this chapter. 

 

Sampling design 
 
Two riparian sites were selected that had no signs of entering a flowering phase as 

other bamboo stands in the region had.  The Mary River site was selected because it 

was accessible and the bamboo was protected from harvest and damage from feral 

animals (to a certain degree) by the landowners.  The Owens Lagoon site was 

accessible, but the bamboo was not subject to any harvest or feral animal protection.  

At the Mary River site, every clump of bamboo in a 90 m long by 15 – 25 m wide 

riparian stand on the fringe of a billabong were included, except for six waterside 

clumps that were excluded for safety reasons (the billabong being inhabited by 

Saltwater Crocodiles; Crocodylus porosus).  This same basic pattern of clump 

selection was followed for the Owens Lagoon site.  Data were collected from 39 

clumps and a total of 1943 culms at the Mary River site (1103 culms in the initial year 

and 840 subsequent recruits), and from 30 clumps and a total of 1229 culms at the 

Owens Lagoon site (753 culms in the initial year and 476 subsequent recruits).   

 

Within clumps, culm recruits and mature and senescent culms were sub-sampled as is 

detailed in the following sections. 
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Culm data collection 
 
Annual data was collected starting from April and finishing by July (depending on 

flood waters), because this was the end of the growing season when culm elongation 

was complete (Franklin 2005b). 

 

First year assessment 

In the first year of the study, all leafy and senescent culms were tagged, individually 

numbered and assessed according to the parameters outlined below.  When multiple 

culms were produced from a single rhizome (usually following disturbance), only the 

largest of these small, coppice-like culms were tagged and assessed. 

 
Year of recruitment (age): in the first year of the study, culms were assigned to 

categories ‘a’ or ‘b’; where ‘a’ culms were of an unknown age and were older than the 

study, and ‘b’ category culms were recruits produced in that first season.  Recruits 

were easily distinguished from the previous season’s recruits by the presence of fresh 

culm sheaths and the lighter, more vibrant green colour of the culm surface. 

 

Status: each culm was classified as being leafy, senescent or dead: 

 

Leafy culms: living culms that had at least some green leaves. 

 

Senescent culms: culms that had lost their leaves but still had at least some 

living tissue (green) evident on the culm surface. 

 

Dead culms: culms with no evidence of living tissue; i.e. not senescent or leafy 

(NB: this did not preclude the possibility that the rhizome was alive). 

 

Diameter at breast height (dbh cm): This was measured when a culm was first 

encountered, and not in following years because unlike dicotyledons, bamboos have 

no subsequent radial growth following elongation (McClure 1966).  Dbh was 

measured with a diameter tape to 0.1cm in the middle of the internode nearest 1.3m 

above the ground. 
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Subsequent year assessments 

In all other years of the study, the status of previously tagged culms was updated, 

whilst the new seasons recruits were tagged, numbered and dbh measured.  Recruits 

were assigned to categories c-f in chronological order according to the year they were 

produced in order to determine their age in subsequent analyses.  Starting in the 

second year of the fieldwork program, the parentage of culm recruits was established 

where practical by physically tracking the rhizome connection using the pointy end of 

a geologists pick as a probe.  Following the August 2001 fire at the Mary River site, 

the ‘burn state’ of the culm surface was assessed (in October 2001) at the internode 

nearest 0.3m and assigned to one of five ‘burn states’; not burnt, discoloured, 

blackened, structurally damaged or destroyed. 

 

Clump data collection 
 
A clump was defined as a spatially discreet cluster of bamboo culms.  In this study, 

clump size was measured in two ways: 

 

(1) As clump area.  This was quantified using the convex polygon method in the first 

year of the study only.  This involved measuring around the base of the clumps with a 

tape measure to form a convex polygon.  The measurements of each side of the 

polygon were then used along with a visual estimate of the angles to produce a scale 

drawing of the polygon plotted on to graph paper.  The area was then estimated by 

counting the squares on the graph paper. 

 

(2) As the sum of the leafy culm basal area for each clump.  This was achieved by 

annually calculating the basal area of culms using the dbh and the assumption that 

culms are circular (Bambusa arnhemica culms vary little in their diameter in their 

lower sections (Franklin 2003c)). 
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Data analysis 
 
Statistical analyses were performed using STATISTICA 7 (StatSoft, 1984-2004).  

Repeated-measures ANOVAs were used to compare changes in mortality, 

recruitment, leafy basal area and mean dbh of recruits across years using clumps as 

replicates.  Recruitment was defined as the number of culms, or the sum of recruit 

culm basal area per clump that originated during a growing season and was alive at 

the end of the growing season (Franklin 2005b).  Comparisons of various parameters 

between years were conducted comparing medians by ranks using the non-parametric 

Kruskal Wallis test.  T-Tests (Two-Sample Assuming Unequal Variances) were used 

when comparing overall means between the two sites. 

 

Multiple regression analyses were conducted where more than one explanatory 

variable was tested.  Global multiple regression analyses were conducted using pooled 

data to determine the influence of culm density and leafy culm basal area, and their 

potential as predictors of culm recruit productivity.  In this study, recruit density was 

used as the measure for clump productivity.  Regressions were forced through the 

intercept in a number of analyses where appropriate, because with a clump area of 

zero for example, the corresponding basal area of leafy culms is also zero.  

Throughout this paper all means are presented ± the standard error. 

 

For the purpose of the survival and mortality analyses in this study, senescent culms 

were counted as being dead, with survival referring only to leafy culms.  Culm 

survival and mortality was calculated using all cohorts at each site aggregated across 

years into age groups, with the number of ‘leafy’ culms persisting, or dying converted 

to a percentage of the total number of culms alive at the start of the year.  Cumulative 

survival was calculated for unknown-age culms only, using the number of leafy culms 

persisting at the end of a given year divided by the number of leafy culms alive at the 

start. 
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Results 

What is the best way to measure clump size & recruitment? 
 
In this study there were two plausible measures of clump size and two plausible 

measures of recruitment investigated for their accuracy.   

 

A) Clump size 

1) Clump area as measured around the base of the clump with a convex polygon. 

2) The sum of the basal area of leafy culms per clump. 

 

B) Recruitment 

1) The number of recruits per site, clump or on a unit area basis (numerical 

productivity). 

2) The sum of recruit basal area per site, clump or on a unit area basis (basal area 

productivity). 

 

Measuring clump area is quicker and easier than measuring the sum of the basal area 

of leafy culms, which is why the relationship between the two was examined.  Clump 

area was correlated with the basal area of leafy culms (Fig. 2.1), however there was 

considerable scatter in this relationship.  Recruit number was correlated with the basal 

area of recruits (Fig. 2.2), however there was considerable scatter in these 

relationships, especially at the Owens Lagoon site where 46% of the variance was 

unexplained. 
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Figure 2.1: The relationship between two plausible measures of clump size 
(clump area and leafy culm basal area) at a. the Mary River site and b. the 
Owens Lagoon site: Based on data from 2001 only.  Regressions have been forced 
through the intercept.  The R2 value and regression formula are: a. R2 = 0.701, y = 
0.0129x, and b. R2 = 0.645, y = 0.037x. 

 
Figure 2.2: The relationship between two measures of culm recruitment:  number  
of recruits per clump and sum of recruit basal area per clump.  Based on means 
from all years.  Regressions were forced through the 0 intercept.  Mary River site R2 = 
0.8914, y = 250.72x; Owens Lagoon site R2 = 0.5343, y = 393.5x. 
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Leafy culm basal area explains more of the variation in clump size compared to clump 

area, with substantially higher R2 values at both sites, across both potential measures 

of recruitment (Table 2.1).  Recruit basal area explains more of the variation in 

recruitment compared to recruit numbers, with substantially higher R2 values at both 

sites, across both potential measures of clump size (Table 2.1).  When used together, 

the sum of recruit basal area against the sum of leafy culm basal area per clump is the 

most accurate and powerful measure of productivity.  Figure 2.3 is a demonstration of 

the strong linear relationship produced in B. arnhemica clumps at two sites when 

these most powerful measures of productivity are used in combination.  This is the 

justification for using leafy culm basal area and recruit basal area as the measures for 

productivity throughout this study. 

 
Table 2.1: R2 values for multiple regression analysis on measures of 
recruitment on measures of clump size.  All parameters were mean annual 
figures pooled across all years except clump area, which was only measured 
once in 2001. 

 

 

 

 

 

Site Clump size Recruitment R2 
    

No. of recruits 0.6074 Clump area 
Recruit basal area 0.7305 

   
No. of recruits 0.8869 

Mary River  

Leafy culm basal area 
Recruit basal area 0.9707 

    
No. of recruits 0.2560 Clump area 
Recruit basal area 0.3075 

   
No. of recruits 0.3463 

Owens Lagoon 

Leafy culm basal area 
Recruit basal area 0.8227 



 -     39 
 

Figure 2.3: Productivity of Bambusa arnhemica clumps using recruit basal area 
and leafy culm basal area for clump size at two sites.  Regressions were forced 
through the intercept.  Mary River site R2 = 0.9707, y = 0.2035x; Owens Lagoon site 
R2 = 0.8227, y = 0.1207x. 
 

How did clump biomass (basal area of leafy culms), 
productivity and culm size vary over time? 
 
Leafy culm basal area was relatively stable at the Owens Lagoon site.  However at the 

Mary River site there was a 20% reduction in area in 2002 following the fire in 2001, 

with only partial recovery subsequently (Fig. 2.4a).  At the Mary River site, annual 

recruitment fluctuated, but there was no major response to the fire of 2001 (Fig. 2.4b).  

There was however a noteworthy increase in recruitment of over 45% in 2005 

compared to 2004.  At the Owens Lagoon site, recruitment remained relatively steady 

until the year prior to flowering (2004), when there was an 82.5% decline (Fig. 2.4b). 

 

Recruit density increased by 60% at the Mary River site in 2002 following the fire, 

whereas recruit density only increased by 28% in the same period at the Owens 
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Lagoon site (Fig. 2.4c).  At the Mary River site there was another noteworthy increase 

in recruit density of 35% in 2005 compared to 2004 (Fig. 2.4c).  Productivity at the 

Owens Lagoon site decreased dramatically in 2004 (the year prior to flowering), down 

76% from the previous year, but there was little variation in the previous 

‘undisturbed’ years (Fig. 2.4c).  With the effects of fire and flowering included, the 

Mary River site was more productive than the Owens Lagoon site; with a mean recruit 

density of 0.20 ± 0.011m2/m2 compared to 0.13 ± 0.028m2/m2 (T-test, P<0.05; Fig. 

2.4c).  However, there was no statistically significant difference in productivity 

between sites with non-flowering and non-fire years removed (MR mean recruit 

density = 0.18 ± 0.009m2/m2; OL = 0.16 ± 0.009m2/m2; P = 0.10). 

 
The Mary River site had a significantly larger mean recruit size compared to the 

Owens Lagoon site across all years (6.29 ± 0.08cm compared to 4.26 ± 0.14cm; 

P<0.001; Fig. 2.4d).  Following the fire event in 2002, the mean recruit size at the 

Mary River site decreased by 34%.  At the Owens Lagoon site in 2004 (the year prior 

to the flowering event), there was a 46% reduction in recruit size from the previous 

year (Fig. 2.4d). 
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Figure 2.4: Trends over time at the Mary River and Owens Lagoon sites: (a) 
leafy culm basal area summed within sites, (b) recruit basal area summed within 
sites, (c) mean recruit density with clumps as replicates and (d) mean recruit 
diameter.  Clumps <1m2 were excluded from the analysis in Figure c only. 
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Culm recruit size ranged from less than 1cm up to 12cm diameter for both sites.  The 

greatest proportion of recruits at the Mary River site across all years was in the large 

size category (> 6cm, 70%), followed by medium (3–6cm, 21%), and then small (< 

3cm, 9%; Fig. 2.5).  At the Owens Lagoon site, the greatest proportion of culms 

across all years was in the small size category (43%), followed by large (31%) and 

then medium (26%; Fig. 2.5). 

 

At the Mary River site there were some major changes in the recruit size proportions 

in the year immediately following the fire.  There was a 58% increase in culm recruit 

numbers compared to the previous year (Fig. 2.5a), with a major increase in the 

proportions of small recruits (0.7% to 24%) and medium sized recruits (12.4% to 

21.4%).  There were also some significant changes in the recruit size proportions the 

year immediately before the flowering event at the Owens Lagoon site, with virtually 

no large culms being produced (3.1%) and a large increase in medium sized culms to 

44%, with the small culms making up the remaining 53%. 
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Figure 2.5: Culm recruitment and size at two sites over time; Mary River 
site (a) and Owens Lagoon site (b). 

 

 

 

 



 -     43 
 

Culm survival, senescence and mortality 
 
How does culm status change with time? 

 

In years not directly affected by fire or flowering, the rate of transition of culms from 

one state to another was relatively stable at both sites (Fig. 2.6).  However, at the 

Mary River site, the transition of culms from leafy to dead was greater than 20% in 

the year immediately following the fire (2002), compared to less than 5% in all other 

years (Fig. 2.6a).  At the Owens Lagoon site (Fig. 2.6b), there was a progressive 

increase in the percentage number of culms transitioning from leafy status to dead, 

from approximately 5% in 2002 to over 20% in 2004 (the year prior to flowering). 

 
Figure 2.6: Annual culm-status transitions at the Mary River site (a & c), 
and the Owens Lagoon site (b & d).  The percentages of transitions were 
calculated by dividing the number of culms transitioning from one state to 
another by the total number of culms alive at the start of each year. 
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At the Mary River site in 2002 (the year immediately following the fire) there was 

approximately a 60% transition of culms from senescent status to dead compared to 

<40% in all other years (Fig. 2.6c).  At the Owens Lagoon site the percentage of 

culms transitioning from senescent to dead progressively increased from 27.5% in 

2002, to over 70% in 2004 (the year immediately prior to flowering; Fig. 2.6d). 

 

In years not directly affected by fire at the Mary River site, the annual proportion of 

culms persisting in a leafy state was an average of approximately 88%, with 

approximately 10% of culms changing from leafy to senescent, and of these 60% 

persisting in a state of senescence.  In years not directly affected by flowering at the 

Owens Lagoon site, the annual proportion of culms persisting in a leafy state was 

approximately 80%, with approximately 15% of culms changing from leafy to 

senescent. 

 

How does survival and mortality change with culm age? 
 

Annual survival mostly decreased and mortality mostly increased as culms aged 

across both sites (Tables 2.2 & 2.3).  There were marked differences between the two 

sites, with higher survival and lower mortality for all known-age culms at the Mary 

River site than at the Owens Lagoon site (Table 2.3). 

 

Table 2.2: Survival of unknown-age leafy culms at two sites.  NB: culms are of 
‘unknown-age’ because they existed prior to the commencement of this study.  Age is 
shown in column 1 as being greater than 1-4 years old. 

 Mary River site Owens Lagoon 
Age 
in 
years 

Total 
No. 

Mortality 
(%) 

Annual 
survival 
(%) 

Cumulative 
survival 
(% of 
original) 

Total 
No. 

Mortality 
(%) 

Annual 
survival 
(%) 

Cumulative 
survival  
(% of 
original) 

>1 849 41 59 59 662 22 78 78 
>2 501 19 81 48 517 18 82 64 
>3 406 22 78 37 424 29 71 46 
>4 315 31 69 26     
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Table 2.3: Survival of known-age leafy culms at two sites aggregated across all 
years of data collection. 

Mary River  Owens Lagoon 
Age in 
years 

No. of 
cohorts 
in data  

Total 
No. 

Mortality 
(%) 

Survival 
(%) 

No. of 
cohorts 
data  

Total 
No. 

Mortality 
(%) 

Survival 
(%) 

1 4 668 4 96 3 412 16 84 
2 3 502 3 97 2 237 23 77 
3 2 338 7 93 1 100 32 68 
 4 1 110 10 90 - - - - 

 

How long do culms persist in a leafy and senescent state before dying? 

 

Culms at the Mary River site remained leafy longer than the Owens Lagoon site 

across all cohorts except for unknown-age culms (Fig. 2.7a & b).  For example, in the 

final year of assessment, the 2002 and 2003 culm cohorts at the Mary River site had 

greater than 90% of culms remaining leafy compared to less than 40% for the same 

cohorts at the Owens Lagoon site (Fig. 2.7a & b).  There were generally no culms in a 

cohort senescing in the first year, but an annual increase of approximately 2-4% of the 

total cohort become senescent thereafter (Fig. 2.7c & d).  Trends in the status of 

senescent culms of known-age culm cohorts at the Owens Lagoon site were less 

uniform than those at the Mary River site (Fig. 2.7c & d).  The annual percentage of 

mortality at the Owens Lagoon site was higher across all cohorts than the Mary River 

site, except for the unknown age culms (Fig. 2.7e & f). 
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Figure 2.7: Summary of annual culm status change for leafy culms (a & b), 
senescent culms (c & d) and dead culms (e & f) of unknown and known-age 
cohorts at two sites.  Percentages are based on the number of culms apportioned to 
each of the 3 statuses, leafy (survival), senescent or dead, in a given year for a given 
age. 

Mary River  Owens Lagoon 
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Do large culms live longer than small culms? 

 

Small culms (0-2cm dbh) generally had shorter lives compared to larger culms at both 

sites (Fig. 2.8a & b).  This was especially so at the Owens Lagoon site, where there 

was only approximately 30% survival of 0-2cm dbh culms after three years, compared 

to all other culm size categories that had greater than 80% survival (Fig. 2.8b).  

Interestingly, the survival of 0-2cm dbh culms at the Mary River site was higher than 

other size categories up until two years age but not thereafter (Fig. 2.8a), whereas the 

Owens Lagoon site data are more consistent with a general trend for smaller culms to 

be shorter-lived. 

 

Figure 2.8: Annual culm survival in relation to size (dbh cm) at the Mary 
River site (a) and the Owens Lagoon site (b).  Only known-age culms were 
used in this analysis, and all ages were pooled. (MR n of: 0-2cm = 76, 2-6cm 
= 193, 6-7.5 = 304, >7.5 = 280; OL n of: 0-2cm = 170, 2-6cm = 139, 6-7.5 = 
67, >7.5 = 100). 
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Clump size, density and productivity 
 
What are the effects of clump size on recruit size? 
 

There was a large difference in clump sizes between sites, with the Owens Lagoon 

site having clumps with a ground area range of 0-5m2 compared to the Mary River 

sites range of 0-30m2 (Fig. 2.1).  Mean recruit size (dbh) did not vary with clump size 

at either site (MR: P = 0.087, OL: P = 0.873), but there was a tendency for greater 

variation in mean recruit size in smaller clumps (Fig. 2.9a & b).  The mean culm 

recruit size at the Mary River site in 2001 was 7.24 ± 0.20 cm, which was 

significantly larger than the mean culm recruit size of 4.29 dbh ± 0.28 cm at the 

Owens Lagoon site (P<0.001, two-tailed T-test). 
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Figure 2.9: The relationship between recruit size and clump size at the 
Mary River site (a.) and the Owens Lagoon site (b.) in 2001.  R2 values and 
regression formulae are: a. R2 = 0.0978, y = 3.87x + 6.65; b. R2 = 0.001, y = 
0.97x + 4.42).  Clumps <1m2 were excluded from this analysis. 
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What are the effects of clump size on recruit density? 
 

Recruit density was not affected by clump size at the Mary River site, (P = 0.77; Fig. 

2.10a), however there was a significant negative effect of clump size on recruit 

density at the Owens Lagoon site (P = 0.0092; Fig. 2.10b).  The mean recruit density 

was also significantly higher (two-tailed T-test, P<0.01) at the Mary River site (Fig. 

2.10a; 0.19 ± 0.011m2 s.e.) than at the Owens Lagoon site (Fig. 2.10b; 0.15 ± 0.010m2 

s.e.). 
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Figure 2.10: The relationship between clump size and recruit density at 
the Mary River site (a.) and the Owens Lagoon site (b.).  Recruit density 
and leafy culm basal area have been averaged across all years: a. R2 = 0.0023, 
y = 0.038x + 0.19; b. R2 = 0.2255, y = -0.4467x + 0.18. 
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What were the average clump densities for each site? 

 

Clumps at the Owens Lagoon site had significantly denser clumps than the Mary 

River site (OL density = 0.040m2/m2, n = 17; MR density = 0.024m2/m2, n = 23; Fig. 

2.11; P < 0.01, T-test). 
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Figure 2.11: Clump densities (mean ± S.E.) at two sites.  Clump density 
calculations were based on leafy culm basal area per m2 of clump area for 
2001 data only.  Clumps with an area <1m2 were excluded from this analysis. 

 

Does including a measure of clump density improve the power of leafy culm basal 

area as a predictor for culm recruitment? 

 

Density did not significantly improve models for predicting recruitment rates at the 

Mary River site, but did at the Owens Lagoon site, with a negative effect of density on 

the number of recruits and a positive effect on the basal area (Table 2.4).  Leafy culm 

basal area was a strong and useful predictor of both the number and basal area of 

recruits at both sites (Table 2.4). 
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Table 2.4: Global multiple regression models used to determine the influence of 
leafy culm basal area and culm density per clump on recruit productivity.  P 
Coefficient is the probability associated with each explanator in the global model; 
significant at P < 0.05 (*). 
Response variables Explanatory 

variables 
Coefficient (B)   P Coefficient R2 

Mary River site     
Leafy culm basal area 47.6 *<0.00001 No. of recruits 

Density -0.74 0.97 ns 
0.93 

     
Leafy culm basal area 0.21 *<0.000001 Recruit basal area 

Density 0.015 0.86 ns 
0.95 

     
Owens Lagoon site     

Leafy culm basal area 23.0 *<0.00001 No. of recruits 
Density -62.6 *<0.00001 

0.94 

     
Leafy culm basal area 0.07 *<0.005 Recruit basal area 

Density 0.18 *<0.017 
0.77 

 

Parentage 
 
The parents of 403 recruits were identified at the Mary River site and 81 at the Owens 

Lagoon site. 

 

Are culm recruits bigger than their parents? 
 
In general there was a strong linear relationship between parent and recruit culm size, 

however the majority of culm recruits were smaller than their parents (Fig. 2.12a & 

b).  At the Mary River site, approximately 90% of the total group had a strong linear 

relationship, however there were two sub-groups of aberrations that account for the 

other 10% (Fig. 2.12a).  Analysis of ‘burn-state’ data from the Mary River site (which 

quantified damage on existing culms from the fire in 2001) revealed that the parent 

culms from sub-group two in Figure 2.12 had a higher mean ‘burn-state’ of 1.13 

compared to the average for all culms of 0.96 (where 0 = un-burnt and 4 = destroyed), 

however this was not statistically significant (P = 0.11). 
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Figure 2.12: Culm size relationship between parents and their offspring 
(recruits) at the Mary River site (a) and the Owens Lagoon site (b).  The dotted 
line running diagonally through the x-y intercept = 1, whereby parent and recruit culm 
sizes are the same.  The points below the line represent recruits that were smaller than 
their parents (MR n = 403, R2 = 0.55 excluding sub-groups 1 & 2, R2 = 0.2524 
including sub-groups 1 & 2; OL n = 81, R2 = 0.50). 
 

Culm recruit sizes remained very close to being the same size as their parents at both 

sites in ‘non-disturbance’ years, with relatively little variance (Fig. 2.13).  However in 

the year following the fire at the Mary River site (2002), the median recruit size as a 

proportion of the parent size was less than 90% (Fig. 2.13a), which was significantly 

smaller than all other years except 2003 (P = 0.187; Table 2.5).  At the Owens Lagoon 
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site the median recruit size as a proportion of the parent size progressively decreased 

from 98% in 2002, to 66% in 2004, the year before the flowering event (Fig. 2.13b).  

This recruit size in 2004 was significantly smaller than all other years (P <0.003, H = 

33.8, df = 3, Kruskal Wallis test; Fig 2.13a).  Both of the ‘disturbance’ years (MR 

2002, OL 2004) also had a very large percentile ranges compared to ‘non-disturbance’ 

years. 
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Figure 2.13: Percentage proportion of culm recruit size compared to their 
parents (mean ± S.E.) at the Mary River site (a) and the Owens Lagoon 
site (b).  Mean culm sizes were pooled within each year.  MR n = 403, mean 
change in dbh size = -7.7% (with 3 anomalies excluded).  OL n = 81, mean 
change in dbh size = -12.6% (with 1 anomaly excluded). 

 

 

          Table 2.5: Post Hoc test; Multiple Comparisons P-values (2-tailed).   
          * = Significant difference (P<0.05). 

 Mary River Owens Lagoon 
Year 2002 2003 2004 2005 2002 2003 2004 
2002 - 0.187 *0.004 *0.000 - 0.506 *0.000 
2003 - - 1.000 *0.026 - - *0.002 
2004 - - - 0.627 - - - 
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At what age do parent culms produce recruits? 
 
One-year-old culms are the most likely to produce recruits.  At the Mary River site for 

example, over 65% of known-age recruits were produced by one-year-old parents, 

with the majority of the balance (27%) being produced by two-year-old parents (Table 

2.6).  At the Owens Lagoon site over 70% of known-age recruits were produced by 

one-year-old parents, with the majority of the balance (27%) being produced from 

two-year-old parents (Table 2.6). 

 

Table 2.6: Age relationship between parent culms and their offspring.  Mary 
River site n = 403, Owens Lagoon site n = 81. 
 Mary River Owens Lagoon 
Parent age in relation to recruit # % # % 

Unknown 107 26.5 33 41 
0 2 0.5 1 1 
1 193 48 34 42 
2 81 20 13 16 
3 19 5 - - 
4 1 0 - - 

 

How many recruits are parent culms likely to produc e? 
 
The majority of parent culms produced only one recruit, however at the Mary River 

site, 10% of parents produced two recruits, and 7.4% of parents produced two recruits 

at the Owens Lagoon site (Table 2.7).  For these parents with two offspring, they were 

most likely to produce their first recruit at one year of age, and the second at two 

years of age (Table 2.7).  At the Mary River site only 1.2% of all parent culms had 

three recruits, whilst there were no documented cases of parent culms with three 

offspring at the Owens Lagoon site (Table 2.8). 
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Table 2.7: Age relationship summary of parent culms with two culm 
recruits at two sites. 
Parent age in relation to recruit Mary River site Owens Lagoon site 

1st recruit 2nd recruit # % # % 
0 1 1 3 0 0 
1 1 6 18 1 25 
1 2 18 55 1 25 
1 3 5 15 1 25 
2 2 3 9 0 0 
2 3 0 0 1 25 
 n 33  4  

 

     Table 2.8: Summary of parent culms with three culm 
  recruits at the Mary River site, and the number of years 
  after the parent that the recruits were produced. 

 Mary 
River site 

Owens 
Lagoon site 

Parent age (years) in 
relation to multiple recruits  

# % # % 

Unknown 1 20 0 0 
1,1,1 1 20 0 0 
1,1,2 2 40 0 0 
1,2,3 1 20 0 0 

n 5  0  
 

 

Discussion 

Measures of productivity for wild bamboo 
 
In considering the quantification of clump size for B. arnhemica in this study, the sum 

of leafy culm basal area per clump was found to be a more accurate and informative 

measure than the clump area based on ground area (the alternative measure 

investigated).  Such a basal area measurement is very informative because it 

quantifies the key component underlying the productivity of a bamboo clump; the 

leafy culms.  However it is acknowledged that this method is more labour intensive 

than simply measuring the clump area. 

 

Like other plants, the total photosynthesis of B. arnhemica stands is determined by the 

leaf area and the associated photosynthetic capacity of the canopy (Kleinhenz and 
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Midmore 2001).  Leaf biomass and/or leaf area has been demonstrated to be the 

driving force for clump growth and expansion in bamboos (Isagi et al. 1993).  The 

basal area measurement used in this study is important given that leaf biomass and 

leaf area are allometrically related to culm diameter for B. arnhemica (Hogarth 

unpublished), and for other bamboos (Shanmughavel and Francis 1996; Suzuki and 

Jacalne 1986).  The sum of leafy culm basal area only considers the biologically 

active/productive component of a clump, as opposed to the clump area that is 

influenced by the clumps shape and density, including dead or senescent culms. 

 

In this study, alternative measures for productivity were investigated, and the sum of 

recruit basal area was demonstrated to be a more powerful measure than recruit 

numbers.  Using recruit numbers is one of the common ways to report productivity in 

the literature (Hunter and Junqi 2002).  However in most management situations the 

size and weight of the culm shoots produced are more important.  Using recruit 

numbers as a measure of productivity does not take into account the large range of 

culm diameters commonly found in wild bamboo, which in analyses can be very 

misleading because equal consideration is given to culms with large differences in 

size (e.g. a 1cm diameter culm compared to a 12cm diameter culm). 

 

The biological processes underlying productivity 
 
Productivity is related to the vigour of the leaf canopy and the available rhizome 

resources of the parent ramets within culm density constraints (Isagi et al. 1997a).  

Productivity of bamboo clumps may be density-dependent whereby clumps subject to 

high culm densities have low productivity (Isagi et al. 1997b; Liao 1984; Oshima 

1931; Taylor and Qin Zisheng 1993; Vazquez-Lopez et al. 2004).  This was 

demonstrated to be the case for some B. arnhemica clumps in this study (especially at 

the Owens Lagoon site), and is suggested to be related to a process called clump 

congestion. 

 

Clump congestion occurs when shoots and culms peripheral to the clump are damaged 

repeatedly by fire, or more commonly, removed by harvesters or herbivores due to 

their accessibility.  The result is overcrowding of the surviving culms that are 
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produced year after year within the confines of the restricted clump; the new culms 

bending and twisting in all directions in an effort to compete for light and space 

amongst the dense mass of older culms (Seth 1954; Troup 1921). 

 

Reduced culm size is a common demographic response to clump congestion and to 

other disturbances such as herbivory, harvesting and fire (Franklin 2006; Masiga et al. 

2001; Prasad 1985; Soderstrom 1981; Troup 1921).  The biological and management 

implications of small diameter recruits are significant.  A reduction in culm size 

represents a considerable loss of photosynthetic potential (given the allometric 

relationship with leaf area as previously discussed), with small diameter culms not 

contributing as much to the clump as large culms in the form of surplus 

photosynthetic products; hence the low productivity.  Small diameter culms are also 

more susceptible to mortality and therefore contribute less to clump productivity.  

Culm size is important for management considerations because large shoots are 

generally the most desirable because they provide the highest yield in return for effort. 

 

Clump congestion caused by a combination of disturbances including fire, harvesting 

and herbivory appears to be one of the processes that explain the overall poorer health 

of bamboo at the Owens Lagoon site compared to the Mary River site (smaller 

clumps, smaller recruits, lower productivity and higher clump density). 

 

The impact of disturbances on the biological processes 
underlying productivity 
 
For bamboo clumps, any action (disturbance) that reduces the vigour of the leaf 

canopy, or depletes the belowground energy reserves of ramets (photosynthates stored 

in the rhizomes), may affect productivity, clump expansion and overall health.  If 

disturbance events are too frequent and intense, the loss of productive aboveground 

biomass may deplete energy reserves to the point where the long term productivity 

and health of the bamboo may be at risk.  The capacity to regenerate repeatedly also 

may be restrained by soil fertility and/or moisture availability (Franklin and Bowman 

2003). 
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Bambusa arnhemica has various strategies to cope with adverse conditions and 

disturbances.  Seedlings are vulnerable to predation, fire and desiccation; however 

they can re-sprout, even if aboveground parts are fully removed (Franklin and 

Bowman 2003).  If the crown is destroyed, plants will produce new flushes of leaves.  

If the apical growing shoots are damaged, compensatory branching, or regeneration in 

the form of a proliferation of spindly culms can occur (as was found at the Mary River 

site in this study following the fire). 

 

A proliferation of small culms is a common response of bamboo to a number of 

disturbances, and occurs when aboveground plant parts are damaged or destroyed, and 

the intact belowground parts re-sprout from rhizome buds using stored energy 

(Soderstrom 1981; Troup 1921).  The proliferation of small culms demonstrated in 

this study following the fire at the Mary River site are a gross underestimate of how 

many were actually produced, because in the methodology of data collection, when 

multiple culms were produced from a single rhizome only the largest of these whip-

like culms were tagged and assessed.  The decrease in mean recruit size and the 

dramatic increase in productivity in the year following the fire at the Mary River site 

was attributed to the proliferation of small and medium sized culm recruits.  This 

short-term increase in productivity was compounded by the decrease in leafy culm 

basal area (biomass) against which the productivity was measured. 

 

The effect of fire on B. arnhemica populations varies depending on the frequency and 

intensity.  The long-term effects of fire on the health and productivity of B. arnhemica 

populations have not been demonstrated, however Franklin & Bowman (2003) 

proposed that B. arnhemica is a fire-refugial species, tolerant of occasional fire but 

unable to persist in the face of frequent fires.  Fire can be catastrophic or have little 

effect (Franklin, unpublished), depending on the frequency and intensity.  In some 

circumstances fire may have a positive effect by cleaning out the dead culms and 

culling the old, weak or small culms, leaving more space for new recruits within the 

clump boundary (especially so for clumps that already have restricted radial 

expansion).  Increased rates of mortality and senescence, loss of biomass, and a 

proliferation in the number of small culms occurred following the fire at the Mary 

River site in this study. 
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The only significant pressures on B. arnhemica from feral animals at the two study 

sites seemed to be from feral pigs (Sus scrofa).  Feral pigs are known to apply 

pressure to wild B. arnhemica by rooting seedlings after a flowering event, and also 

by eating emerging culm shoots (Franklin & Hogarth pers. obs.).  Although there 

were no direct or quantitative measurements of feral pig or human impacts in this 

study, in many cases it was possible to discern damage as being of animal or human 

origin.  Compared to the Owens Lagoon site, the Mary River site had very low impact 

from harvesters and feral pigs due to the sustained land management practices by the 

landowners (Ostwald pers. comm.).  Harvesters and herbivores generally target 

peripheral shoots and culms due to their accessibility, leading to clump congestion 

and all the associated problems with this as previously outlined.  Furthermore, as a 

by-product of herbivory, soil surrounding a clump may become compacted, which 

adds to clump congestion issues (Troup 1921).  Importantly, intense harvesting of B. 

arnhemica shoots in a single season has been demonstrated to cause a permanent loss 

of biomass without recovery (Franklin 2006). 

 

Elevated rates of culm mortality, a dramatic reduction in the number and size of 

recruits, and a decrease in productivity demonstrated in the B. arnhemica population 

at the Owens Lagoon site were most likely attributable to the complete exhaustion of 

energy reserves (starch) prior to flowering (Liese 1998).  However, other factors such 

as a series of small fires, harvesting and herbivory that were observed (Franklin, pers. 

obs.) would also have contributed to these reductions.  Although dramatically 

reduced, there was still some recruitment in B. arnhemica clumps in the year 

immediately preceding flowering, contrary to studies of other bamboo species that 

reported no production of shoots in the ‘shooting season’ prior to flowering (Deogun 

1936; Kurz 1876; Troup 1921; Vazquez-Lopez et al. 2004).  Furthermore, reports of a 

declining trend in annual recruitment and yield over a number of years before 

flowering of Dendrocalamus strictus in India (Prasad 1987) was not supported by this 

study, as there was only a decline in the year immediately preceding the flowering. 

 

The management implications of the flowering process in B. arnhemica are 

significant.  Due to the low productivity of clumps approaching flowering and the 

death of clumps following flowering, harvesting pressure may increase on bamboo 

stands that have not flowered.  Furthermore, in the lead-up to flowering, culms 
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become brittle, weak and unsuitable for timber utilisation (Liese 1998; Vazquez-

Lopez et al. 2004).  Fire may also be more likely to occur in bamboo populations 

following flowering and death due to the mass of dead culms and leaves (Gadgil and 

Prasad 1984), however fire has been shown to have little effect on seedling survival 

and growth (Franklin and Bowman 2003).  The 40-50 year flowering event does 

however provide an opportunity to harvest seed for commercial or private use. 

 

Given that B. arnhemica is already under pressure from fire and herbivory from feral 

animals, additional harvesting as prescribed in the management program (Chapter 3) 

must be carefully monitored to ensure that the health and sustainability of this 

resource is maintained.  In addition to managing for the harvest of bamboo, 

management of bamboo habitat to reduce the negative impacts of disturbances is also 

essential to ensure the long-term viability and sustainability of this resource. 

 

Culm survival, senescence and mortality  
 
A number of authors have estimated longevity of wild bamboo culms according to 

ambiguous or unspecified definitions, with life-spans ranging from at least six years 

up to 12 years (Lakshmana 1994; Taylor and Qin Zisheng 1993; Vazquez-Lopez et al. 

2004; Veblen 1982).  However, there are no known studies that are long enough in 

duration (including this one) to quantify, nor give accurate estimates of the average 

culm life span, and none (except this one) that address the issue of the persistence of 

culms in a senescent state before dying. 

 

Some progress was made in this study in addressing the lack of definitions for culm 

survival, senescence and mortality in the existing literature.  For the first time, the 

state of culm senescence has been strictly defined as ‘culms that have lost their leaves 

but still have at least some living tissue (green) evident on the culm surface’, and 

mortality when ‘culms have no evidence of living tissue in the aboveground plant 

parts’.  These explicit definitions could be used in future studies of bamboo culm 

demographics, helping to avoid the ambiguity associated with the current literature in 

dealing with culm dynamics and longevity. 
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In this study, there were significant differences in culm survival and mortality rates 

between study sites caused by different types, and levels of disturbances.  There is 

generally a large variation in the lifespan of B. arnhemica culms, which is 

considerably less than that of the genet that lives an estimated 45 years (Franklin 

2004c).  This results in mature clumps comprising culms of mixed ages and a 

proportion that are dead or senescing (Hogarth and Franklin pers. obs.).  Whilst the 

death of culms may be rapid, most B. arnhemica culms go through a gradual state of 

senescence before dying, first losing their leaves followed by culm tissue 

progressively dying back towards the rhizome from the culm tip (Hogarth and 

Franklin pers. obs.).  Senescence is a life stage that can be maintained for a long time, 

and so from a demographic perspective should not to be ignored. 

 

From a management perspective, the implications of culm age are significant, as culm 

age is very important for the quality of harvested bamboo products.  The most sought 

after ‘product’ of B. arnhemica by harvesters (and herbivores) are the growing tips of 

immature culms (culm shoots for food), which are harvested just prior to or shortly 

after emergence.  As shoots get older and elongation progresses, tough fibres develop 

in internal tissues (Liese and Weiner 1995), and if harvested too late have lower 

culinary quality.  Ideally, B. arnhemica culms would be harvested for structural use 

between 3-4 years old, when culms of most bamboo species are “mature” (Kleinhenz 

and Midmore 2001) and have maximum strength and durability (Liese and Weiner 

1995); physical properties that deteriorate beyond that age and into senescence.  

 

Low shoot survival rates (less than ~50%) due to extrinsic factors were observed 

(Franklin, unpublished) but not measured in this study, and are supported by other 

studies that quantified shoot survival (Pearson et al. 1994; Taylor and Zisheng 

1993b).  There was also a higher rate of mortality in small sized culms compared to 

larger culms demonstrated in this study for B. arnhemica; a process that has been 

reported in another study of bamboo by Taylor & Zisheng (1993b), and reported 

widely for clonal plants in general (Cook 1985; Eriksson 1988; Hamilton et al. 1987; 

Schmid and Bazzaz 1987).  The higher rate of mortality in small culms may be 

attributed to their struggle to secure canopy space and light when competing with 

larger more vigorous culms. 
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Parentage 
 
In this study, approximately 70% of recruits were produced from one year-old parent 

culms, with most of the remaining recruits being produced by two year-old parents, 

and very little recruitment from parents of three years age or greater.  These 

proportions closely reflect the results of other bamboo studies (Lakshmana 1990; 

Suzuki and Jacalne 1986).  Given this knowledge, it may seem as though one-year-old 

culms were the driving force of productivity, and this may be the case in a situation 

where clumps are not subject to any harvest or damage.  However in wild B. 

arnhemica populations there is considerable harvest and damage, and anecdotal 

evidence suggests that parentage may be ‘taken up’ by older generations of culms if 

damage to the one-year-old culms is severe enough (Franklin 2006).  This may be 

explained by the demonstrated physiological integration of culms via a common 

rhizome system (Derner and Briske 1998; Jenik 1994; Ueda 1960), and resource 

sharing between generations (Derner and Briske 1998).  In order to clarify this, a 

harvest trial in combination with a parentage assessment needs to be conducted to see 

what happens when first-year culms are not available as parents. 

 

Conclusions 
 
The sum of recruit basal area was the most meaningful and accurate measure of 

productivity, and the sum of leafy culm basal area was the most meaningful and 

accurate measure of clump size.  Leafy culm basal area was the main driver of 

productivity, which was not affected by the size of the clump, except at higher culm 

densities where congestion causes reduced productivity. 

 

There were striking differences between the two study sites in response to different 

extrinsic pressures and levels of disturbance.  Fire and flowering were major 

disturbance events with significant effects on culm demographics.  Bamboo at the 

Owens Lagoons site was in a poor state of health compared to the Mary River site 

resulting from a combination of possibly less fertile soil and observed disturbances 

including harvesting, herbivory and fire.  The indicators of poor health and the stress 

responses to these extrinsic disturbances include small, congested clumps, small 

culms, low recruit productivity, and poor survival rates. 
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This study has conformed to some generalisations that characterize the dynamics of 

culm populations of clonal plants, including: culm mortality that is annually constant 

(except in major disturbance years), and mortality rates that are higher for smaller 

culms compared to larger culms.  This study also supports many findings for other 

species of bamboos in the following key respects: 

 

• Leaf biomass and/or leaf area is the driving force for productivity and clump 

growth. 

• Productivity may be density-dependent whereby clumps subject to high culm 

densities have low productivity. 

• Reduced culm size is a common demographic response to a number of 

disturbances including herbivory, harvesting and fire. 

• Clump congestion occurs when shoots and culms peripheral to the clump are 

damaged by fire, or more commonly, removed by harvesters or herbivores. 

• A proliferation of small culms is a response to intense fire. 

• A reduction in productivity prior to flowering. 

• A higher rate of mortality in small sized culms compared to large culms. 

 

There were also a number of new findings including: 

 

• The sum of leafy culm basal area per clump is a more accurate and 

informative measure of clump size than clump area. 

• The sum of recruit basal area is a more meaningful measure of productivity 

than recruit numbers. 

• There is a short-term increase in productivity in the year following an intense 

fire. 

• Quantification of the increase in culm mortality, the dramatic reduction in the 

number and size of recruits, and the associated decrease in productivity in the 

year immediately preceding flowering. 
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Chapter 3: Management program 

Preamble 
 
This chapter has been written as a draft management program for Bambusa arnhemica 

in collaboration with Dr David Liddle from the Parks and Wildlife Service of the 

Northern Territory.  The plan addresses requirements under Northern Territory and 

Commonwealth legislation and has been modelled on existing programs for Cycads 

(1997a) and Pytchosperma bleeseri (1998) approved under the Territory Parks and 

Wildlife Conservation Act, with extensive modifications to suit the unique biology of 

B. arnhemica. 

 

This draft management program is based on principles of adaptive management and 

as such requires ongoing research to assess the impacts of harvesting prescriptions 

and other management practices.  Provisions exist to refine management prescriptions 

and harvest quotas in response to ongoing experience and new information.  There are 

a number of recommended changes to the Territory Wildlife Regulations including, 

new regulations outlining the limitations to commercial shoot harvesting, the 

introduction of a ‘bag limit’ for non-commercial harvesting, and changes and updates 

to the royalties for commercial harvest.  The details and justification of these 

recommendations are outlined in Chapter 4. 

 

The flowering wave and subsequent death of B. arnhemica populations that began in 

1996 resulted in a marked decline in the availability of mature shoots to harvest and a 

lull in harvest activity, providing a timely opportunity to develop this draft 

management program.  The Parks and Wildlife Service are keen for the continued 

development of this management program so that it can be adopted under Northern 

Territory legislation.  Full adoption of this program will require an internal review by 

the Parks and Wildlife Service followed by public consultation.  This is part of the 

normal process for adoption as a management program under the Territory Parks and 

Wildlife Conservation Act 2005. 
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1 INTRODUCTION         

1.1 Species subject to management  

Division:   Magnoliophyta 

Order:    Cyperales 

Family:   Poaceae 

Genus/Species:  Bambusa arnhemica 

 

Cultivated Bambusa arnhemica are exempt from the provisions of this management 

program. 

 

1.2 Supervisory authority  
 
Parks and Wildlife Service of the Northern Territory 

PO Box 496 

Palmerston, Northern Territory 0831, Australia 

Telephone: (61) (08) 8944 8453 

Facsimile: (61) (08) 8944 8455 

 

1.3 Legislation and international obligations 

1.3.1 Northern Territory 
 
Bambusa arnhemica is subject to a management program for protection, conservation 

and sustainable use according to the authority given under section 32 (1a) of the 

Territory Parks and Wildlife Conservation Act 2005.  The effect of this Act is to 

regulate, amongst other things, the taking of protected and un-protected plants and 

animals.  Indigenous plants that are not classified as threatened (including B. 

arnhemica, which is classified as ‘least concern’) are protected only when they are 

located in a park, reserve or sanctuary.  However, if the taking is for commercial 

purposes then a permit is required for any tenure including private land (see section 

3.3.1). 
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In addition to the requirements for permits or licenses for taking B. arnhemica, 

provision exists for support by the Parks and Wildlife Service of the Northern 

Territory in the management of B. arnhemica populations on various types of land 

tenure.  The legislative basis for such support under the Territory Parks and Wildlife 

Conservation Act 2005 (TPWCA) is summarized below: 

 

On Reserved Land: Parks and Reserves may be declared under section 12 

and plans of management are prescribed under sections 18 and 19. The 

management of B. arnhemica populations may be addressed through Park 

plans of management. 

 

On Aboriginal Land : the Parks and Wildlife Service may enter into an 

agreement with Aboriginal Land Councils relating to schemes for the 

protection and conservation of wildlife under section 73. 

 

On Private Land: the Parks and Wildlife Service may enter into an agreement 

with a landowner relating to schemes for the protection and conservation of 

wildlife under section 74. 

 

The Parks and Wildlife Service may formulate and implement programs for the 

purposes of the protection, conservation, management and control of wildlife under 

section 32 of the TPWCA.  Under the Pastoral Lands Act 2004 (84) and Crown Lands 

Act 2000 (91), a licence may be required in order to take plants or plant products from 

Pastoral or Crown Lands. 

 

1.3.2 Other States and Territories 
 
Bambusa arnhemica is endemic, with no naturally occurring ex situ populations 

known outside of the Northern Territory.  Other States and Territories are not 

involved in the management of wild populations of B. arnhemica. 
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1.3.3 Commonwealth 
 
The management of wildlife harvesting is primarily a State or Territory responsibility; 

however the Commonwealth becomes involved where wildlife products are to be 

exported.  The Commonwealth’s Environment Protection and Biodiversity 

Conservation Act 1999, Part 13-A governs the export of wildlife, including B. 

arnhemica. 

 

Permits for the export of bamboo and bamboo material other than seed are granted 

only if the material is for scientific research, artificially propagated, derived from a 

controlled specimen, or taken in accordance with an approved management program.  

The import and export of bamboo seed is regulated by the Australian Quarantine and 

Inspection Service under the Quarantine Act 1908.  Permits for the commercial export 

of wildlife products may only be issued if that export is in accordance with an 

approved wildlife trade operation (WTO) or approved wildlife trade management 

plan (WTMP) declared by the Commonwealth Minister for Environment and Heritage 

under sections 303FN or 303FO respectively of the Environment Protection and 

Biodiversity Conservation Act 1999. 

 

1.3.4 International 
 
Bambusa arnhemica is not subject to any international agreements.  The regulation of 

the international export of bamboo material from Australia is outlined in the previous 

section (1.3.3).  Importing countries may have stricter domestic measures. 

 

1.4 Status and management issues 
 
The conservation status of B. arnhemica is ‘least concern’ according to the Territory 

Parks and Wildlife Conservation Act 2005, section 29.  A description of the traditional 

and historical use, the biology, ecology and distribution of this species is provided in 

the Background Information section (9.3). 

 

From the viewpoint of resource management, the rapid clonal growth form of B. 

arnhemica lends itself to a continuous annual harvest of shoots or culms by thinning a 
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clump without killing the plant, potentially resulting in a truly sustainable harvest.  

However, bamboos are susceptible to over-harvesting and B. arnhemica is no 

exception to this.  Bambusa arnhemica is subject to some harvesting of seeds (only 

available every 40-50 years) and culms (for such purposes as didjeridus and spear 

shafts).  However, it is the young culm shoots of wild B. arnhemica that are in the 

most demand, as they are regarded as a desirable food by the Asian population in 

Darwin and others in the region.  Consequently, wild B. arnhemica is harvested for 

personal consumption and for sale on local and interstate markets.  Most commercial 

activity has been limited to supplying local demand, however there were reports of 

“tonnes” of B. arnhemica shoots being sold at “southern” markets in the late 1990s.  

The flowering wave and subsequent death of B. arnhemica populations that began in 

1996 resulted in a significant decline in the availability of shoots and culms to harvest 

(see section 1.4.1 for details on flowering). 

 

The Parks and Wildlife Service of the Northern Territory has been issuing permits for 

the scientific and commercial taking of wild B. arnhemica without a management plan 

in place, and with little understanding about the biology, ecology or sustainability 

issues.  Concern about the viability of the species in the face of seemingly increasing 

pressure from harvesting, herbivory, land clearance and fire led to the decision by the 

Parks and Wildlife Service to initiate background biological and ecological research 

in 1999, and to develop this management program.  This management program is 

based on that research (see reference section for details).  It has been developed in 

accordance with section 32 of the Territory Parks and Wildlife Conservation Act 

2005.  The Management Program takes into consideration the unique anthropogenic 

environment in which B. arnhemica is found, and is designed to ensure the long-term 

viability and sustainability of this resource. 

 

1.4.1 Flowering and die-off events 
 
Individual B. arnhemica plants are long-lived, but flower only once, producing seed 

prolifically before dying after an estimated 40–50 years of vegetative development.  

The new generation of bamboo begins life as a small, single culm produced from 

seed.  This culm does not grow into an "adult", but instead produces the next 
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generation of culms, with successive generations being larger than the previous until 

"adult" or “mature” size is achieved, after which further increase in genet size is 

achieved solely by increasing the number of culms.  It is not known exactly how long 

this process takes for B. arnhemica, however it is estimated to be between 10-15 

years. 

 

Stands of B. arnhemica (groupings of clumps) flower in patches of a few hectares in 

size to many kilometres across.  At the landscape scale, B. arnhemica stands flower in 

a ‘wave’ over time.  Such a flowering ‘wave’ commenced in 1996 and is ongoing, 

with approximately 90% of the bamboo having flowered by early 2006.  Clumps 

generally start flowering and shedding leaves in late June to early July, and continue 

for 4-5 months.  The main seed drop is in late October to early November, but can 

continue up to as late as April.  Seed germination occurs en masse following the first 

substantial rains of the wet season, usually around November.  Most parent clumps 

that have flowered persist in a degraded state through the following wet season and 

then die with the onset of the following dry season (around April). 

 

The onset of a flowering event may increase the harvesting pressure on the bamboo 

stands that have not yet flowered.  However this current flowering event also provided 

a good opportunity to establish this management plan before the bamboo populations 

reach maturity and are subject to harvest pressures once again.  The 40-50 year 

flowering events also provide the only opportunity to harvest seed for commercial, 

scientific or private use. 

 

1.4.2 Fire 
 
Bambusa arnhemica’s landscape niche is in areas relatively sheltered from fire, such 

as riparian zones and rocky hillsides in fire shadows.  However, with changes in fire 

regimes, some populations are exposed to fires at close to annual frequency; the 

consequences of which may be severe.  Fire management in the savannas adjacent to 

the sensitive riparian zones in which B. arnhemica occupy must be taken into account 

when considering the sustainable management of this resource. 
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1.4.3 Impacts from harvesting and animals 
 
The emerging culm shoots of B. arnhemica are vulnerable to damage from herbivory 

by a range of feral and domesticated animals and over-harvesting by humans.  In 

many cases it is possible to discern damage as either animal or human origin, because 

animals gnaw off the culm shoot leaving an irregular surface whereas harvesters cut 

them off using sharp tools leaving a flat surface.  The most significant herbivory 

pressure on B. arnhemica shoots seems to be from the feral pig Sus scrofa.  Feral pigs 

are also known to apply pressure to B. arnhemica populations by rooting seedlings, 

and some populations have been observed to have considerable damage from both 

pigs and harvesters whereas other populations currently have very little damage. 

 

Wild Buffalo have also been observed to damage culms and shoots by rubbing against 

the clump, and even cause whole clumps to dislodge via the action of erosion and 

undercutting in riparian areas.  Buffalo can compact the soil around the clump 

contributing to clump congestion, and may also graze the foliage.  Horses, cattle and 

other hoofed animals may also graze foliage, and cause soil compaction around a 

clump.  Control and management of over-harvesting and feral animals (especially 

pigs) makes a significant difference to the health and long-term viability of B. 

arnhemica populations.  This must be taken into account when considering the 

sustainable management of this resource. 

 

1.4.4 Land clearing 
 
Under section 8.1 of the Land Clearing Guidelines B. arnhemica is mostly protected 

from clearing due to the recommended buffer zones for rivers and creeks.  Clearing on 

pastoral land is regulated under the provisions of the Pastoral Lands Act 2004 and the 

implementation of regulations needs to reflect flora conservation priorities.  Under the 

provisions of the Planning Act 1979, clearing controls are in place for the Litchfield 

area near Darwin. 
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2 AIMS & OBJECTIVES        

 

The aim of this management program is to maintain viable wild populations of B. 

arnhemica and its habitats, across their range in the Northern Territory. 

 

Objectives to achieve this aim are: 

 

1.  To promote the conservation of B. arnhemica populations through wise land 

management practices; 

 

1.1  to enter into agreements with landholders for the management of B. 

arnhemica populations where appropriate; 

 

1.2  to promote the reservation of B. arnhemica populations within the 

Northern Territory parks system or other areas with appropriate 

reservation status; 

 

1.3  to ensure that the conservation of B. arnhemica populations is 

addressed in Plans of Management for parks and reserves; 

 

1.4  to ensure the local and regional effects on the status of B. arnhemica 

populations are taken into account in considering land clearing or 

development applications and in nature conservation plans for 

individual sites or bioregions. 

 

2.  To develop and apply strategies for the ecologically sustainable use of B. 

arnhemica; 

 

2.1  to implement the provisions of the Territory Parks and Wildlife 

Conservation Act with regard to the taking of B. arnhemica; 
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2.2  to implement a system of compliance monitoring to ensure that use of 

B. arnhemica complies with relevant legislation and this management 

program; 

 

2.3  to establish a system of impact monitoring that will assist in refining 

harvesting prescriptions of B. arnhemica; 

 

2.4  to allow for economic benefits to be derived from conserving B. 

arnhemica and its habitat. 

 

3.  To encourage and recommend that the following research needs be met; 

 

3.1  to study the impact of fire, feral pigs and harvesting on B. arnhemica; 

 

3.2  to develop and refine (through experience) population models that 

allow prediction of the outcome of various management prescriptions; 

 

3.3  to encourage other research that supports these aims. 

 

4.  To promote public awareness and education; 

 

4.1  to provide information about B. arnhemica and harvesting; 

 

4.2  to promote B. arnhemica conservation through public talks, print and 

electronic media. 
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3 MANAGEMENT MEASURES     

3.1 Land management 

3.1.1 Non-riparian bamboo 
 
Non-riparian bamboo populations of B. arnhemica are viewed as being vulnerable to 

overexploitation and are exempt from harvesting.  The exception to this is for samples 

for registered botanical gardens, scientific research, educational purposes and 

exceptional circumstances where there is a clearly demonstrated conservation 

outcome from the harvest.  This exemption from harvest applies to non-riparian 

bamboo because a) it is a distinct and rare element of the landscape, b) it is less 

vigorous than riparian bamboo, and evidence suggests they may be at the limits of the 

species environmental tolerance, thus potentially less tolerant to harvest, and c) it has 

smaller shoots than riparian bamboo that are generally not sought after for harvesting. 

 

On private land, management agreements with landholders and declaration of 

protected areas will be pursued where appropriate and feasible. 

 

3.1.2 Parks and reserves 
 
The harvest of B. arnhemica for private purposes is not regulated under the Territory 

Parks and Wildlife Conservation Act 2005, except in protected areas such as parks 

and reserves.  Bambusa arnhemica is found on parks and reserves in the Northern 

Territory (e.g. Kakadu National Park, Mary River National Park, Litchfield National 

Park), and all wildlife on parks and reserves are protected.  However, whilst plants 

and plant material may be taken from a park or reserve (subject to issuance of a 

permit) if such removal is part of an approved management plan under the Territory 

Parks and Wildlife Conservation Act, it is not the intent of this program to encourage 

such harvests.  Only in exceptional circumstances, such as salvage from road 

construction or for scientific purposes; or where there is a clear conservation benefit, 

will harvest from parks and reserves be considered. 
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Where B. arnhemica populations do occur on parks and reserves, management 

requirements will be addressed in plans of management specific to the park or reserve. 

 

3.1.3 Land clearing and bioregional planning  
 
As part of the management program, the Parks and Wildlife Service will provide 

advice to other government departments involved in approving land clearing 

proposals for areas with B. arnhemica.  The potential local and regional effects on the 

status of B. arnhemica populations will be taken into account when considering land 

clearing and other development applications.  The cumulative effects of land use 

decisions on B. arnhemica populations will be taken into account in preparing nature 

conservation plans for individual sites or bioregions.  The extent of clearing of B. 

arnhemica will be monitored to assist in providing advice where appropriate. 

 

3.2 Non-commercial harvest 

3.2.1 Traditional harvest 
 
Use of B. arnhemica in accordance with tradition for hunting, food gathering, 

ceremonial and religious purposes by Aboriginal people who have traditionally used 

an area may continue in accordance with section 122 of the Territory Parks and 

Wildlife Conservation Act 2005 and will not be controlled by this management 

program.  The operation and effect of this Act is subject to the Commonwealth Native 

Title Act 1993.  Commercial utilisation by Aboriginal people, or on Aboriginal lands 

by Aboriginal or non-Aboriginal people, will be subject to the commercial use 

provisions of this program. 

 

3.2.2 Non-traditional harvest for personal use 
 
The harvest of B. arnhemica for private purposes is not regulated under the Territory 

Parks and Wildlife Conservation Act 2005, except in protected areas such as parks 

and reserves.  Harvesting B. arnhemica for personal use requires permission from the 

landowner of private land, and a permit for harvesting from Crown Lands.  The 



 -     78 
 

procedure for applying for a licence to take material from Crown land is set out in the 

Northern Territory of Australia Crown Lands Regulations 2003.  It involves a written 

application to the Minister and the payment of a fee (regulation 38), with payment of 

royalties as determined by the Minister (regulation 46).  The non-commercial harvest 

of B. arnhemica shoots is substantial, with potentially significant impacts.  Therefore 

a bag limit applies as outlined in the Territory Wildlife Regulations. 

 

3.3 Commercial harvest 

3.3.1 Permits, licenses and tenure 
 
A permit is required for the taking of B. arnhemica for commercial purposes on land 

of any tenure, including private land.  However, permits for harvesting shoots and 

culms will not be issued for bamboo populations identified as approaching flowering, 

or post-flowering for 15 years whilst the process of regeneration occurs.  Isolated 

clumps (>25m from next nearest clump) are also exempt from harvesting because 

they are considered vulnerable and critical to the local distribution of the species.  The 

taking of B. arnhemica for commercial purposes is regulated under section 55 of the 

Territory Parks and Wildlife Conservation Act 2005.  A miscellaneous licence may be 

required for commercial taking of B. arnhemica from pastoral land under the Pastoral 

Lands Act 2004, and from Crown land under the Northern Territory of Australia 

Crown Lands Regulations 2003.  However, current practice is that a permit issued 

under the Territory Parks and Wildlife Conservation Act 2005 in conjunction with 

written authorisation of the landholder fulfils permit requirements under Northern 

Territory legislation. 

 

Harvest methods will be specified on a licence, and Parks and Wildlife Service will 

undertake training of Conservation Officers and harvesters where required to assist 

the adoption of harvesting practices of an adequate environmental standard. 
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3.3.2  Harvest limit determination  
 

Harvest limits include harvest areas, the timing and length of the harvest season. 

 

Areas for harvest will be negotiated with landholders upon request for a license to 

harvest.  Management areas will be delineated into harvest areas identified by either 

natural features or artificial markers.  In extensive bamboo stands, some areas will be 

reserved from harvesting to prevent the imposition of a single treatment over the 

whole population.   

 

The Director for Parks and Wildlife determines the timing and length of harvest 

seasons, in line with the prescriptions specified in this plan, and these are outlined in 

the Territory Wildlife Regulations.  While recognising existing gaps in available 

information, harvest limits will be set after consideration of the following: 

 

1) Trends in the size and structure of the B. arnhemica populations; 

2) Management objectives for specific areas; 

3) Proportion of total population subject to harvest; 

4) Review of previous harvests; 

5) Review of past and current research; 

6) The likely aesthetic impact of a harvest; 

7) Other relevant information. 

 

3.3.3 Shoot harvest  
 
There are two potential management prescriptions, depending upon whether the 

permit is for harvest on Crown or private land: 

 

1) Low-intensity management prescription 
 
Shoot harvesting on Crown Land is limited by the specific harvest area outlined in the 

permit (leaving Parks and Wildlife the option of closing an area in a given year), the 

timing, and the length of the “season” as outlined in the Territory Wildlife 

Regulations. 
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2) Semi-intensive management prescription 
 
Annual harvesting without seasonal limitations is permitted on private land only, 

where a landowner enters into an agreement to develop a property management plan 

that demonstrates sustainable utilisation of the bamboo resource by addressing the 

following issues: 

 

a) Adequate control of feral pigs and fire. 

b) Culm retention strategy to provide for the long-term maintenance of the B. 

arnhemica populations. 

c) Maintaining the integrity of the riparian and riverine ecosystems that the bamboo 

inhabits. 

d) In order to promote the regeneration of bamboo populations from seed post-

flowering, the clearing or burning of dead bamboo culms from dead parent bamboos 

is not permitted, and adequate weed control must be provided. 

e) Landholders must agree to the inspection of B. arnhemica stands by a conservation 

officer at any time. 

 

3.3.4 Culm harvest 
 
There has been no culm harvest trials conducted for B. arnhemica, and so the 

sustainability of any culm harvesting regimes for this species is not known.  However, 

sustainable culm harvesting has been demonstrated in many Asian bamboo species 

similar to B. arnhemica.  Applications for culm harvesting will be considered on a 

case-by-case basis, with the proposed intensity of harvest (i.e. number of culms per 

unit area) being a key factor.  The optimal culm age for harvesting in regards to 

strength and durability is approximately five years for most bamboos.  One and two-

year-old culms should not be taken as these culms are important for subsequent culm 

productivity (they are distinguishable by the presence of fresh culm sheaths and a 

lighter, more vibrant green coloured culm surface compared to older culms).  

However the most accurate way to determine culm age is to individually tag new 

seasons culms with the year of production. 
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3.3.5 Whole plant harvest  
 
Taking of whole plants (including rhizome cuttings and seedlings) will not be 

permitted, unless conservation outcomes are demonstrated or in exceptional 

circumstances such as salvage from road construction or for scientific purposes. 

 

3.3.6 Seed 
 
Permits are issued for the harvest of B. arnhemica seed.  Applications for seed 

harvesting will be considered on a case-by-case basis, with the proposed amount of 

seeds intended to be harvested and their end-use being the key factors.  An adaptive 

management approach will be used whereby prescriptions will be refined subject to a 

5 year review of the plan. 

 

3.3.7  Fees and royalties 
 
Payment of a royalty must be made where property in the wildlife is vested in the 

Territory; i.e. B. arnhemica taken from Crown land or a protected area (park or 

reserve), but not when taken from private land (section 57(4), Territory Parks and 

Wildlife Conservation Act 2005).  Royalty payments are set in the Territory Wildlife 

Regulations under the TPWCA. 

 

3.3.8  Harvesting returns 
 
The information required in returns will be set as part of the permit conditions and 

will include, but not be limited to, the permit number, permittee’s name, taxon, 

product and quantity from each area harvested in the period.  Returns will be 

submitted within three months of the end of the permitted harvest season. 
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3.4  Research priorities 
 
As part of the adaptive management approach used in this program, the following 

research priorities will be encouraged and recommended to help achieve the aims and 

objectives of this program.  In the context of sustainable harvest; research priorities 

are as follows: 

 

• The development of a tool for the rapid assessment of clump health.  The tool 

will likely be in the form of an index of clump density and the proportion of 

culms that are damaged.  The tool could be used to determine the response of 

B. arnhemica populations to contemporary land management practices. 

• Culm harvest trials to assess the impact of various harvest levels on clump 

health. 

• An ecological study to determine the relationship of B. arnhemica with 

animals and other plants, and the role of bamboo in erosion control in riparian 

systems. 

• To determine the response of B. arnhemica populations to harvesting, fire, 

feral animals and flood. 

• The development of population models that will simulate the impact of various 

management regimes. 

 

The Parks and Wildlife Service will encourage other research that assists in achieving 

the aim of this program. 

 

3.5 Public education and awareness 
 
The biology, ecological significance and economic value of B. arnhemica will be 

promoted in a variety of media and landholder extension activities conducted by Parks 

and Wildlife Service.  The Darwin Botanical Gardens have some rare coastal B. 

arnhemica clumps naturally occurring on site, providing highly accessible specimens 

for the general public. 
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4 MONITORING & ASSESSMENT    

4.1 Impact monitoring 
 
A program to monitor the impact of harvesting on plant performance and/or 

population structure may be conducted at selected sites where deemed necessary.  

Harvesting returns will form an integral component of the impact monitoring by 

providing information on the type, extent and quantity of material harvested.   

 

4.2 Assessment 
 
The health of B. arnhemica populations from sites subject to harvest may be 

compared to populations from unharvested sites.  Where differences in population or 

plant response are found, these differences will be evaluated and harvest levels 

adjusted accordingly. 

 

4.3 Feedback mechanisms 
 
Should monitoring indicate that management aims and objectives are not being met, 

harvest prescriptions with specified limits will be implemented, or other actions taken 

in accordance with this program.  In the event of an adverse change in population 

structure, harvesting prescriptions will be modified or the harvest halted.   

 

 

5 REPORTS         

 

Management actions, permit statistics and monitoring results will be summarised into 

a report produced annually and made available to the public. 
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6 COMPLIANCE        

6.1 Enforcement  
 
Wildlife regulations and permit or licence conditions will be enforced by Parks and 

Wildlife Officers appointed under the Territory Parks and Wildlife Conservation Act 

2005, and by officers of the Northern Territory Police Force.  To ensure compliance 

with licence conditions and determine the extent, if any, of illegal harvesting, spot 

visits may be made.  Particular attention will be given to non-riparian populations and 

populations that have suffered from uncontrolled harvesting in the past.  Field 

inspection of harvesting operations and harvest areas will be used to verify quarterly 

returns of material harvested. 

 

6.2 Penalties 
 
Section 66 of the Territory Parks and Wildlife Conservation Act 2005 creates the 

offence of taking protected wildlife (B. arnhemica is protected in areas such as parks 

and reserves) for commercial purposes unless the person is authorised to do so under 

this Act.  Section 67 of the Territory Parks and Wildlife Conservation Act 2005 

creates the offence of taking unprotected wildlife for commercial purposes unless the 

person is authorised to do so under this Act.  Refer to the above-mentioned sections of 

the Act for details of the penalties. 

 

 

7 REVIEW OF PROGRAM      

 

This management program will be reviewed as required under section 32 of the 

Territory Parks and Wildlife Conservation Act 2005 within five years of the date of 

commencement. 
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8 INTERPRETATION       

 

For interpretation of terms used in this management program refer to the Territory 

Parks and Wildlife Conservation Act 2005.  A glossary of selected terms is provided 

in section 11 of this management program. 

 

 

9 BACKGROUND INFORMATION    

 

9.1 Historical & traditional use 
 
Bambusa arnhemica has been utilized by the Indigenous people of northern Australia 

for probably thousands of years, and there are many documented traditional uses 

including didjeridu production, spear shafts (fishing and war), smoking pipes, water 

carrying vessels, wood-carving chisels and rafts (Berndt and Berndt 1988; Bindon 

1991; Blake et al. 1998; Lazarides 2002; Marrfurra et al. 1995; Midmore et al. 1998; 

Tindale 1925).  There is evidence that B. arnhemica was traded extensively into 

Arnhemland and as far west as the Kimberley region of Western Australia (Berndt 

and Berndt 1988; Thomson 1949).  Bambusa arnhemica is still used on a small scale 

by Indigenous people, mainly for spear shafts and some didjeridu production. 

 

9.2 Recent use 

9.2.1 Cultivation 
 
Bambusa arnhemica has been in small-scale cultivation in several areas of 

Queensland for approximately 20 years, and by some landholders around Darwin, 

where the commercial potential for shoot and culm production is being explored 

(Kyle 2002).  Bambusa arnhemica is available at a number of specialty bamboo 

nurseries in Australia (Cusack 2002) and the USA (ABS 2003). 
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9.2.2 Harvesting 
 

There is only a limited and very recent history of wild harvesting of B. arnhemica 

shoots for food.  Prior to 1992 there was provision under the Forestry Act 1980 for 

regulation of B. arnhemica harvesting through Forest Products Licences and under the 

Crown Lands Act through Miscellaneous Licences.  However, few licences were 

issued and limited information is available to indicate the scale of harvesting prior to 

1992.  Table 1 shows the number of permits issued for taking B. arnhemica under the 

Territory Parks and Wildlife Conservation Act, with the type and quantity of product 

covered by those permits, as well as the royalties paid from 1995 to 2006.  The data 

presented reflect permits issued rather than actual quantities harvested.  Paucity of 

harvesting returns prevents a meaningful compilation of material harvested. 

 

Table 1: The number of permits issued for taking Bambusa arnhemica  
under the Territory Parks and Wildlife Conservation Act. 

   Permit Types    
Year Number

 Issued 
Scientific 
Research 

Commercial 
Harvesting: 
Didgeridoo, 

craft 

Nursery, 
seeds 

Shoots Royalties 
Paid 

1995 1    1 Nil 
1996      Nil 
1997 1  1   $250.00 
1998 9  2  7 $300.00 
1999 1   1  Nil 
2000 2 1   1 Nil 
2001 6 2 1  3 Nil 
2002 4 2  1 1 $300.00 
2003 1 1    Nil 
2004      Nil 
2005 3 2  1  Nil 
2006      Nil 
Total 28 8 4 3 13 $850.00 
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9.3 Biology & ecology 

9.3.1 Description  
 
Bambusa arnhemica was first described in 1886 by Baron Ferdinand von Mueller and 

recently in more detail by Franklin (2003).  Bambusa arnhemica is one of only three 

species of woody bamboos native to Australia, and is the only species occurring in the 

Northern Territory.  It is woody, clonal, shallow rooted, tight clumping (sympodial) 

and arborescent.  Clumps have fewer than 10, to more than 100 live culms per clump 

(Franklin 2003).  Clumps are mostly 12-18 m tall, with culm diameter at breast height 

(1.3m) mostly 6-8 cm (Franklin 2003) with the largest culm diameter recorded at 

13cm.  Bambusa arnhemica is similar in form to, and is thought to have close 

affinities to, several thorny Asian bamboos including B. bambos and B. blumeana 

(Muller 1997). 

 

9.3.2 Distribution, abundance & habitat 
 
The distribution of B. arnhemica is limited to the higher rainfall regions of the 

monsoonal tropics (1200–1800 mm mean annual rainfall) in the far northwest of the 

Northern Territory; from the Daly River Catchment in the west to the South Alligator 

Catchment in the east (see Fig. 1).  Bambusa arnhemica communities are embedded 

within the savannah woodlands that characterize the region (Franklin and Bowman 

2004), and are most commonly mono-dominant or co-dominant in riparian vegetation 

along major watercourses and tributaries.  Less common are isolated stands of B. 

arnhemica on rocky hillsides and coastal headlands (Brock 1993; Franklin and 

Bowman 2003; Franklin and Bowman 2004). 
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Figure 1: Natural distribution of Bambusa arnhemica.  Bambusa arnhemica 
populations represented by black dots, based on 1601 locations surveyed by Franklin 
(2003).  Map prepared by Daniel McIntyre, reproduced with permission from Franklin 
(2003). 
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9.3.3 Life history and demography 
 

Bambusa arnhemica changes reproductive mode from clonal to sexual after an 

estimated 40–50 years of vegetative development; producing seed prolifically before 

dying (Franklin 2004b).  The new generation begins with a single culm produced 

from seed.  What may appear to be a discreet clump may be derived from more than 

one seed (Franklin and Isagi unpublished).  Up to a certain age, the height and 

diameter of culms produced in the annual flush of new recruits increases until a 

relatively stable state of maturity is reached.  It is not known exactly how long this 

process takes for B. arnhemica, however in some bamboos this process of maturing 

can take up to 15 years (Pearson et al. 1994).  Once full-size culms are achieved, 

further increase in clump size is achieved by an increase in the number of culms, 

which happens when the rate of recruitment exceeds that of senescence and death 

(Ueda 1960).  Clump growth occurs whereby rhizomes spread outward from the 

centre, with the majority of new shoots occurring on the periphery of the clump 

causing the slow expansion of clump girth (McClure 1966; Seth 1954). 

 

Bambusa arnhemica produces new culms by the expansion of parent rhizome buds in 

annual cohorts, with the growing tips (shoots) emerging during the first half of the wet 

season (November to January).  The major commitment to culm growth occurs in the 

mid-to late-wet season with maximum elongation rates of 20-30 cm per day (Franklin 

2005).  In B. arnhemica, up to 70% of recruits are produced by one year-old parent 

culms, with two-year-old culms producing most of the remaining 30% of recruit 

production. 

 

Bamboos lack cambial meristems and consequently have no secondary xylem growth 

(McClure 1966), with culms therefore achieving their maximum diameters prior to 

elongation (McClure 1966; Simmonds 1963).  In favourable conditions, culm shoots 

of B. arnhemica are overproduced so that only some of the emergent culm shoots 

fully develop with a rhizome, root system, culm, branches and foliage (Franklin 

2005).  The lifespan of individual B. arnhemica culms is not known, however may be 

up to 12 years (including the senescent stage), whereas the lifespan of the clump is 

approximately 45 years (Franklin 2004b).  This results in mature clumps that 

comprise culms of mixed ages and a proportion that are dead or senescing.  Culms 
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may remain leafy for up to 7 years or more before the process of senescence begins.  

Whilst death of culms may be rapid, most B. arnhemica culms lose leaves and then 

the tissue progressively dies back towards the rhizome from the culm tip over a 

number of years. 

 

9.4 Response to disturbance 
 
Bambusa arnhemica has various strategies to cope with adverse conditions.  Seedlings 

are vulnerable to predation, fire and desiccation, but can re-sprout from underground 

rhizomes even if aboveground parts are fully removed (Franklin and Bowman 2003).  

If the crown is destroyed, plants will produce new flushes of leaves.  If the apical 

growing shoots are damaged, compensatory branching can occur or regeneration in 

the form of multiple spindly culms.  Bambusa arnhemica is subject to annual drought 

and floodwater inundation (for many riparian populations).  The plant copes by 

shedding leaves when water is unavailable (Franklin 2005) and is tolerant of up to 40 

consecutive days underwater (Franklin and Bowman 2003).  Some responses to 

specific disturbances and major life history events are outlined below. 

 

9.4.1 Flowering 
 
In the year immediately preceding flowering there is a marked decrease in culm 

recruitment and recruit size (Hogarth & Franklin, unpublished).  There is also an 

increase in the mortality of leafy and senescent culms (Hogarth & Franklin, 

unpublished), as the bamboo withdraws resources from older culms and puts all its 

energy into the flowering process. 

 

9.4.2 Fire 
 
The effect of fire on the health and productivity of B. arnhemica populations varies 

depending on the fire frequency and intensity.  Fire can be catastrophic or have little 

effect, and in some circumstances fire can have a positive effect by cleaning out the 

dead wood and culling culms that are old, weak or small, leaving more space for new 

culm recruits.  In the shooting season following a fire, there can be a proliferation in 
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the number of small culms produced, a common response of bamboo to a number of 

disturbances (Hogarth and Franklin, unpublished).  This proliferation occurs when the 

above-ground part of the plant is damaged or destroyed and the intact below-ground 

parts re-sprout from rhizome buds using stored energy (Soderstrom 1981; Troup 

1921). 

 

In a study of the effects of fire on B. arnhemica, Hogarth and Franklin (unpublished) 

reported a 20% reduction in biomass (total leafy culm basal area) as a result of an 

intense fire, followed by only a partial recovery in the 3 years following.  Other long-

term effects of fire on the health and productivity of B. arnhemica populations are not 

known; however, if fires are too frequent the belowground energy reserves (rhizomes) 

may become depleted, and the long term productivity and health of the bamboo may 

be at risk.  Fire may be more likely to occur in bamboo populations following 

flowering and die-off due to the mass of dry culms and leaves, however fire has been 

shown to have little effect on seedling survival and growth (Franklin & Bowman 

(2003; 2004). 

 

9.4.3 Harvesting and herbivory 
 
Over-harvesting and herbivory can result in small clumps, with high proportions of 

small culms, lower productivity and denser clumps.  Intense harvesting of B. 

arnhemica shoots in a single season has been demonstrated to cause a permanent loss 

of biomass without recovery (Franklin 2006), which is why a limited harvest season is 

prescribed in this management program.  Harvesters and herbivores generally target 

shoots and culms peripheral to clumps due to accessibility.  The result can be that new 

culm production is limited to within the confines of a restricted clump, resulting in 

chronic congestion with the new culms bending and twisting in all directions in an 

effort to penetrate the dense mass of older culms (Seth 1954; Troup 1921).   

 

Compacted soil surrounding a clump (as a by-product of herbivory) can further add to 

clump congestion (Troup 1921).  Such pressures have been reported to stress bamboo 

plants to the point where they become weak and susceptible to mortality (Chaturvedi 

1988; Prasad 1987), even causing premature flowering and death in extreme cases 
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(Dwivedi 1990).  Chronic clump congestion and a proliferation of small culms have 

been observed in the B. arnhemica populations at Marrakai Crossing on the Adelaide 

River; where over-harvesting and herbivory have been a problem. 

 

 

10 GLOSSARY         

 

“Clonal” : Culms that are genetically identical, direct descendants of a single parent 

by asexual/vegetative reproduction. 

 

“Clump” : a discrete cluster of culms, which in wild bamboos may be composed of 

more than one genetic individual. 

 

“Culm” : the segmented aerial axis that emerges from a rhizome (colloquially known 

as the “stem”). 

 

“Non-riparian bamboo” : bamboo occurring on land that is not subject to flooding 

 

“Recruit” : a culm (including shoots) less than one year old. 

 

“Senescent culms”: culms that have lost their leaves but still have at least some 

living tissue (green) evident on the culm surface. 

 

“Stand” : a population or group of clumps within a limited area. 

 

The following definitions are taken from the Territory Parks and Wildlife 

Conservation Act: 

 

"Crown land" means land - 

(a) held by the Territory for an estate in fee simple; or 

(b) in respect of which neither a lease granted by the Territory or the Commonwealth 

is in force nor an estate in fee simple has been granted by the Territory; 
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"Plant" means any member, alive or dead, of the plant kingdom or of the fungus 

kingdom, and includes seeds and parts of plants and things produced from plants; 

 

"Private land" means any land that is not Crown land; 

 

"Take" means to sever, remove, damage or destroy, or assist to sever, remove, 

damage or destroy, the plant; 

 

"Wildlife " means - 

(a) Animals and plants that are indigenous to Australia; 

(b) Animals and plants that are indigenous to the Australian coastal sea or the sea-bed 

      and subsoil beneath that sea; 

(c) Migratory animals that periodically or occasionally visit Australia or the 

     Australian coastal sea; 

(d) Animals and plants of a kind introduced into Australia, directly or indirectly, by 

     Aboriginals before the year 1788; and 

(e) Such other animals and plants as are prescribed. 
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Chapter 4: Synthesis & conclusions 

 

A combination of massive population growth in the 20th century and rapidly 

diminishing forest resources has lead to an explosion in the demand for bamboo 

resources.  However unregulated exploitation and over-utilisation is causing the 

degradation of wild bamboo resources worldwide (Banik 1994; Dransfield and 

Widjaja 1995; Kumar 1990; Prasad and Chadhar 1988; Prasad 1985; Rao and Rao 

1995; Suwannapinunt 1990; Virtucio and Tomboc 1994).  Although important, 

traditional folk-knowledge based management systems that have been practiced in 

bamboo cultures for millennia are no longer satisfactory to keep up with the 

unprecedented demand.  New management tools based on rigorous scientific method 

are required (Fu and Banik 1995; Rao and Rao 1995). 

 

Until recent times, there was no evidence that B. arnhemica populations had been 

manipulated or dispersal by humans (Franklin 2004c).  The environment in which it 

occurs (with a very low human population density, and a relatively intact natural 

landscape) provided a unique opportunity to investigate the demographics underlying 

the harvest of this wild bamboo, and to develop a management program. 

 

Demography 
 
Bambusa arnhemica represents a rare element of Australia’s flora, and is endemic to 

the Top End of the Northern Territory.  The unique demography and life history of B. 

arnhemica (Chapter 2), and bamboos in general, presents many challenges for a 

demographic study and for managing a sustainable harvest.  There is a general lack of 

relevant research focussed on the demographics underlying the harvest of wild 

bamboos, and in the course of this study it became apparent that there are no 

consistent methodologies, definitions of terms, or units of measurement used in wild 

bamboo research. 

 

This preliminary demographic study of B. arnhemica is the most detailed available for 

any wild, tropical, clumping bamboo in the world.  Some progress was made in 

addressing the lack of consistent and standard definitions for culm survival, 
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senescence and mortality in the existing literature.  Also, new and meaningful 

methods to quantify clump size and culm recruitment for measuring productivity in 

bamboos were developed.  Furthermore, this study contributes significantly towards a 

better understanding of the impact of various disturbances on the culm demographics 

of B. arnhemica, and bamboos in general.  A key message that emerged from the 

demographic component of this study was that any action or disturbance that reduces 

the vigour of the leafy canopy, or depletes the available energy stored in the rhizome, 

may affect the productivity, clump expansion and overall health of a bamboo clump. 

 

Comprehensive analysis on the impact of fire, flooding and other effects on culm 

productivity, recruitment rates, mortality and longevity will be presented elsewhere 

using Generalized Linear Mixed Models (McCulloch and Searle 2001).  Stand, clump 

and culm-level trends will be identified using these analyses.  This proposed 

demographic analysis will provide insights into the nature of the density dependence 

that underlies sustainable yield, and will provide a substantial contribution towards 

the understanding of the biology, ecology and evolutionary basis of clonal plant’s 

dominance that remains poorly understood (Hamilton et al. 1987, de Kroon 1993, 

Tanner 2001, van Kleunen et al. 2002, Pan & Price 2002). 

 

Management of a wild bamboo 
 
Many B. arnhemica populations in conservation reserves are effectively protected 

from harvest though the mechanism of the permit requirement.  However others are 

not, with a number of stands already suffering seriously from pressures associated 

with development (Franklin 2004b).  These include the extensive bamboo populations 

in the Daly River catchment and Darwin Harbour (Franklin 2004b), the latter of 

which is under threat due to increasing development pressures. 

 

Given that B. arnhemica is already under pressure from fire and herbivory from feral 

animals (Chapter 2), additional harvesting as prescribed in the management program 

(Chapter 3) must be carefully monitored to ensure that the health and sustainability of 

this resource is maintained.  This not only applies to commercial harvesting, but non-

commercial harvesting as well, because anecdotal evidence suggests that this can 
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represent significant harvest pressure (Chapter 3).  In addition to managing for the 

harvest of bamboo, management of bamboo habitat to reduce the negative impact of 

fire, feral animals and weeds is also essential to ensure the long-term viability and 

sustainability of this resource. 

 

In bamboo plantations, harvest regimes are generally based on leaving a prescribed 

number of young culms per clump or hectare, or allowing a prescribed number of 

recruits per year.  The Parks and Wildlife Service deemed such a prescription as being 

close to impossible to implement and monitor in the remote and infrequently visited 

populations of B. arnhemica (Franklin 2004b).  Therefore, the feasibility of an 

unlimited harvest of shoots for one season, followed by total closure for a prescribed 

number of years was investigated (Franklin 2006).  These harvest trials demonstrated 

that such an open season was detrimental to the health of the bamboo beyond the 

realm of sustainability.  Thus alternative prescriptions were suggested, and a number 

of changes and additions to the Territory Wildlife Regulations are herein 

recommended. 

 

Recommended changes to the Territory Wildlife Regulations 

Royalty payments 
 
Royalty payments are set in section 8.1 of the Territory Wildlife Regulations under the 

Territory Parks and Wildlife Conservation Act.  For B. arnhemica, the royalty is 

currently set at 50 cents per “stem”.  The word “stem” is probably referring to “culm”, 

however this is ambiguous and inaccurate terminology for describing bamboo plant 

parts, and there is no provision for shoot or seed harvest royalties in the regulations.  

Therefore the following changes to royalty payments in section 8.1 of the Territory 

Wildlife Regulations are recommended: 

• $1.00 per culm (to replace $0.50 per “stem”) 

• $0.20 per shoot 

• $50.00 per kg of seed  
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‘Bag limit’ for non-commercial harvesting 
 
Due to the extent of non-commercial harvesting of B. arnhemica shoots and the 

potentially substantial impacts associated, it is recommended that changes to the 

Territory Wildlife Regulations be implemented to introduce a bag limit of 50 shoots 

per person per day for personal use.  The other less desirable option is to apply for a 

change in B. arnhemica’s conservation status from ‘least concern’ to ‘protected’, so 

that a permit is required and time-limited seasons can be enforced. 

 

Limitations to commercial shoot harvesting 
 
For commercial shoot harvesting limitations; it is recommended that the initial timing 

and length of the harvest “season” be only allowed in the first 3 weeks of December 

of each year. 

 

The justification behind this restricted harvest within the shooting season is based on 

harvest trial research (Franklin 2006).  Harvest trials conducted by Franklin (2006) 

indicate that bamboo clumps compensate within but not among years, the former 

provided that the harvest is limited.  Thus, it may prove possible to sustainably 

harvest shoots by limiting the take in a given year.  The only practical way to achieve 

this in the absence of more intensive management is to impose a seasonal limit that is 

shorter than the shoot production season.  The timing and length of the "open" season 

may require modification in the light of further data analysis and field experience with 

future harvests.  Variation in the onset of the shooting season due to the timing of 

early wet-season rains will mean that in some years there will be few shoots available 

in the specified open season, but in other years there will be many (Franklin 

unpublished).  However a fixed season should prove to be more practical to 

implement than one that varies from year to year depending on the weather. 

 

In combination with the bounty of biological and ecological studies previously 

conducted on B. arnhemica (Franklin 2001; Franklin 2002a; Franklin 2002b; Franklin 

2003a; Franklin 2004a; Franklin 2003b; Franklin 2003c; 2004b; Franklin 2004c; 

Franklin 2005a; Franklin 2005b; Franklin 2006; Franklin and Bowman 2003; Franklin 

and Bowman 2004; Franklin and Isagi unpublished), this study contributes towards 
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one of the most comprehensive bodies of work for any wild bamboo in the world.  

The enhanced understanding of the demography and management of B. arnhemica 

obtained in this study has the potential to contribute to the management of globally 

significant bamboo sectors worldwide. 
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