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Abstract 

ABSTRACT 

M
an grove associations have been identified as an integral part of the 

Northern Territory's coastal eco-system. While studies have been 

conducted to determine the extent and species diversity of these 

associations, limited research has been conducted into mangrove 

productivity. 

Research outlined in this paper has led to the development of allometric relationships 

between diameter at breast height and total tree biomass, including both above and 

below ground portions, for the species Avicennia marina, Bruguiera exaristata, Ceriops 

to gal and Rhizophora stylosa. These relationships were established after processing the 

above ground biomass of SI stems and below ground biomass of 39 stems. 

The successful development of these non-destructive sampling techniques has allowed 

the calculation of standing biomass estimates for the dominant mangrove associations 

within Darwin Harbour. In total 22 sampling sites were established, along 7 transects, 

within 6 different mangrove associations. Association biomass was found to range from 

69.63 f/ha for High Tidal Flat associations to 267.29 f/ha for Shoreline Forests. Darwin 

Harbour total standing biomass has been estimated at 2,727,638 tonnes. The major 

contribution being made by Tidal Creek associations recording 1,340,715 tonnes, 

equivalent to approximately 50% of Harbour standing biomass. 

Consecutive calculations of standing biomass has allowed for estimates of biomass 

accumulation to be established. Biomass accumulation ranged from 4,157 kg/ha/year 

for Transition associations to 11,346 kg/ha/year for Tidal Creek associations. Total Darwin 

Harbour biomass accumulation was estimated at 126,085 tonnes per year equivalent to 

approximately 5% of Darwin Harbour standing biomass. When compared with leaf litter 

fall estimates calculated by Metcalf (1999) at the some sampling sites it was shown that 

biomass accumulation was on average equal to that of leaf litter fall. 

Mangrove productivity estimates, established when biomass accumulation was 

combined with leaf litter falls ranged from 8.9 to 19.7 t/ha/year. Harbour productivity was 

estimated to be equivalent to 237,990 f/year approximately 10% of harbour standing 

biomass. The establishment of these estimates now provides for the opportunity to 

development future mangrove management practices that will take into consideration 

the impacts of development on mangrove productivity. 
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1.0 GENERAL INTRODUCTION 

1.1 Mangroves in General 

M
angroves are a diverse group of unrelated trees, palms, shrubs, vines 

and ferns that share a common ability to live in waterlogged saline 

soils subjected to regular flooding. 

Mangrove associations most commonly occur within tropical and subtropical 

sheltered coastal areas (Saenger, et al., 1983), which are subject to tidal 

inundation (Whightman, 1989). Tidal inundation can be interpreted to mean a 

shoreline inundated by the extremes of tides, or it can more widely refer to river-

bank associations where tides cause some fluctuation in water level but no 

change in salinity (Tomlinson, 1986). Mangroves, therefore, can be found not 

only inhabiting extensive tidal mud flats (Figure 1.1.1) but also along freshwater 

riverbanks. 
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Figure 1.1.1: A typical stand of S. alba located on one of Darwin Harbour's extensive mud flats. 

Worldwide, mangrove associations cover an area of 15-20 million ha and are 

commonly found between Latitudes 320N and 380S, this range being determined 

by low temperatures. Walsh (1974) defines this temperature range further, 
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stating that mangrove associations most commonly occur in areas where the 

average temperature of the coldest month is higher than 20°C and where the 

seasonal range does not exceed 10 degrees. Temperatures of around 5°C and 

frost also limit mangrove distribution (Tomlinson, 1986). 

Protection from prevailing strong winds and wind generated waves, is an 

additional requirement for extensive mangrove growth, as wave action causes 

shoreline erosion and prevents seeding establishment (Walsh, 1974). 

Consequently, mangrove associations tend to be located within sheltered 

coastal areas, surrounding highly indented estuaries (Figure 1.1.2), embayments 

and offshore islands. 

Figure 1.1.2: Mangroves are generally found within protected areas such as this mangrove association 
located within the upper reaches of Darwin Harbour. 

Mangroves are typically most diverse along coasts that receive highest levels of 

rainfall (> 1,250 mm) and heavy runoff and seepage into the intertidal zone from 

the hinterland (Tomlinson, 1986). Tomlinson attributes this to the fact that high 

rainfall contributes to extensive sedimentation which in turn provides a diverse 

range of substrate types and nutrient levels, which are favorable for mangrove 

growth. 
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As mangrove associations lie at the land-sea interface, the plants which inhabit 

these areas have to cope with very harsh environmental conditions, including 

regular inundation, high salinity, unconsolidated substrates and low soil oxygen 

levels. 

There are around 80 species of plants that have been observed within the 

mangrove associations of the world (Saenger et al., 1983). These species can 

be subdivided into two distinct groups: exclusive species and non-exclusive 

species. Exclusive mangrove species are the largest group, comprising around 

60 species (Saenger et al., 1983). These mangroves are confined to intertidal 

areas and do not exist within any other vegetation community. The remaining 20 

species are referred to as non-exclusive. These plants are not restricted to the 

typical mangrove environment and are often found within drier more terrestrial 

areas: examples include Hibiscus tiliaceus and Barringtonia racemosa. 

Australian mangroves inhabit the coastlines of all States and Territories with the 

exception of Tasmania. In total, mangroves cover an area of approximately 

11,617 km2  (Saenger et al., 1983). The most extensive forests are located along 

the northern and northeastern coastlines of Queensland and the Northern 

Territory. Galloway (1982) estimated the mangroves associations of Queensland 

and the Northern Territory to encompass areas of approximately 4,602 km2  and 

4,129 km2. respectively. Combined these constitute 75% of the mangroves found 

in Australia. Further south and west around the Australian continent mangrove 

associations become sparser. West et al. (1985) estimates the mangrove 

associations of NSW to cover an area of approximately 107 km2. while Victoria 

has been estimated to contain 41 km2  and SA around 230 km2. 

In the southern states of Australia lower species numbers occur than that found 

in the north. In Western Australia 12 species have been reported (Tomlinson, 

1986). For New South Wales, West et al. (1985) listed 5 species, while only one 

species, A. marina has been reported for Victoria and South Australia, 

(Wightman, 1989). In contrast to this, the northern states of Australia have 

relatively high florisfic diversities. Bunt et al. (1982) reported 45 taxa from 

Queensland, while Wightman (1989) recognised 48 species in the Northern 

Territory. 

~_"Vs 
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1.2 Mangroves in the NT 

The mangroves of the Northern Territory are an integral part of Ni's coastal eco-

systems and represent a significant environmental resource in a local, national 

and global sense (Brocklehurst and Edmeades, 1996a). Of the 10,953 km of 

Northern Territory coastline, mangroves extend over a vast variety of coastal 

landforms including coastal estuaries, embayments and offshore islands 

(Brocklehurst and Edmeades, 1996a). In total over 4,000 km2  of mangrove fringe 

the NT coastline (Galloway, 1992). The largest and most diverse stands occur on 

the northern coasts of Arnhem Land, in Darwin Harbour and on Bathurst and 

Melville Islands (Brocklehurst and Edmeades (1996a). The mangrove associations 

that occur on the southwest and southeast coastlines are floristically 

depauperate (Wightman, 1989). 

Mangrove resources worldwide have been cleared for urban, industrial, tourism, 

aquaculture and other types of coastal developments. This is also true within 

Australia. In Queensland large areas of mangroves have been removed for the 

development of canal estates, have been converted into aquaculture 

operations or have been cleared to provide land for cane farming. In Moreton 

Bay 1,240 ha of mangroves were lost to development between 1974 and 1987 

(QLD Gov, 2001). In NSW mangrove areas have been cleared for coastal 

development operations, marinas and seaside resorts. 

Unlike these eastern states of Australia, coastal development in the Northern 

Territory has been restricted to a limited area. As a result most of the mangroves 

found in the Northern Territory remain intact and are free of major urban and 

industrial development (Brocklehurst & Edmeades, 1996b). 

As the population of the Northern Territory increases, however, it is likely that 

more pressure will be placed on the development of coastal areas and the 

mangrove ecosystems. 

Darwin, the Northern Territories' largest centre, supports a population of over 

89,000 and is one of the fastest growing areas in Australia. Located on the 

shores of Darwin Harbour, development associated with its expansion has the 
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greatest potential to impact on the mangrove resources of the Northern 

Territory. Currently 2% of the 20,400 ha of mangrove associations found within 

Darwin Harbour have been cleared as a result of coastal development 

(Brocklehurst & Edmeades, 1996a). 

While the Northern Territory Government (NTG) is encouraging further 

development within these areas it has the opportunity lost in most other States, 

to see orderly coastal development, which does not lead to the unnecessary 

loss of mangroves fundamental to the health of Northern Territory coastal 

ecosystems. 
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1.3 Mangrove Value and Importance 

While scientists have placed a high value on the ecological function of 

mangrove ecosystems for some time, only recently has the broader community 

come to recognise the multi-faceted role that mangroves play in their 

environment. As such mangrove value can be assessed under two broad 

categories. Firstly, for their ecological value and the important ecological 

functions they provide and secondly for the value that they have to the 

surrounding human community. 

1.3.1 Ecological Values 

From an ecological perspective, mangroves are a unique and environmentally 

important ecosystem. They support a diverse range of plants including palms, 

trees, shrubs and even ferns, which have developed unusual adaptations to the 

prevailing environmental conditions associated with mangrove environments. In 

fact mangroves have been so successful in their development that they are 

among the most productive natural systems found throughout the world 

(Hamilton & Snedaker, 1984). 

Productivity 

Productivity can be estimated by gaining measurements of the rate at which 

living material (i.e. leaves, branches, stems and roots) is produced by a 

mangrove community over a specified time. 

Mangrove productivity is important because of links between these communities 

and other near-shore coastal ecosystems (Saenger et al., 1983). 

Like other plants, mangroves convert energy from the sun into organic matter 

through the process of photosynthesis. When the leaves and branches of a 

mangrove fall to the ground they provide a wide variety of aquatic animals such 

as molluscs, crabs and worms with a primary source of food. These "primary 

level consumers" in turn support an array of secondary consumers, including 

small fish and juvenile predators such as Barramundi which when mature, 

become third level consumers. 
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Productivity can vary greatly and is influenced by a number of environmental 

factors including, the availability of sunlight and nutrients, temperature, rainfall, 

predation, duration of the growing season and the occurrence of fires (Starr and 

Taggart, 1987). Clough and Attwill (1982) suggest that salinity and climatic 

factors, solar irradiance and the ratio of precipitation to evaporation are key 

factors regulation mangrove primary production. 

The age and structure of an ecosystem can also affect net primary production. 

For example young mangrove forests composed of small juvenile trees have a 

high productivity than older larger stands, because more energy is channelled 

into growth instead of maintaining tree structure (Starr and Taggart, 1987). 

Mangrove productivity is generally estimated by measuring changes in a 

particular element of a mangrove community (measures of mangrove 

productivity are discussed in further detail within Section 1.5.3). 

Habitat 

Mangroves also provide important permanent and temporary habitats for a 

large number and range of marine and terrestrial fauna. Marine fauna 

commonly found in mangroves include molluscs, crustaceans (such as crabs 

and prawns), a wide range of fish and of course, the saltwater crocodile. 

Research has shown that the abundance and diversity of marine fauna found 

throughout mangrove areas can be quite high. Studies in Darwin Harbour, for 

example, have identified around 36 species of crustaceans and 31 species of 

molluscs (NTG, 1997b). 

Other research conducted in eastern Australia, has estimated that 67% of the 

entire commercial fish catch is composed of species dependent upon 

mangrove estuarine areas (Hamilton and Snedaker, 1984). 

A wide range of terrestrial fauna is also found in mangroves and includes insects, 

snakes, frogs, and mammals such as possums and flying foxes. Flying fox nursery 

areas in the Darwin Harbour catchment include Rapid and Sadgroves Creeks 

(pers. corn. Parks and Wildlife Officers, 2000). 
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A wide range of bird species also inhabit mangroves. In Darwin Harbour 128 birds 

have been found (Dames and Moore, 1988), including the rare Beach Thick-

knee, endangered Little Tern and the Chestnut Rail (NTG, 1997a). 

While some animals inhabit mangrove associations permanently, such as crabs, 

periwinkles, longbums and mudskippers, many are only temporary residents. Fish 

species for example, utilise the mangroves during high tides when the tidal flats 

.— ;--,--,.---.. 

Figure 1.3.1: Several longbums (Telescopksm telescopium) found grazing at low tide on the mudtlats 
within the mangrove associations of Charles Darwin National Park. 

Other animals use the mangroves as an extension of their terrestrial habitat and 

feed on the mud flats during low tide. Bush rats, possums and lizards for example 

commonly forage for food at low tide (pers. corn Metcalf, 1999). 

Regardless of whether the mangroves are used periodically or as permanent 

homes, they are considered to be important as habitat areas for a wide array of 

organisms. 
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Foreshore Protection 

Mangroves play an important role in coastal protection by acting as natural 

buffers to water erosion from both the land and sea. They are particularly 

important on coasts that are subject to major tropical storms, as they buffer the 

destructiveness of wind and storm tides during hurricanes and typhoons 

(Tom linson, 1986). 

By creating a physical barrier, slowing water movement from the land, and 

trapping sediments, mangroves reduce erosion along estuaries and creeks. 

Mangroves also dampen storm surge and in tropical Australia, which 

experiences periodic cyclones, their rate in coastal protection is high. 

Removal of mangroves can result in shoreline erosion and mobilisation of marine 

sediments. This can cause sedimentation resulting in the shallowing of estuaries 

and waterways and a reduction in water quality. It can also lead to exposure of 

potential acid sulfate soils. When exposed to oxygen in the air these soils may 

react to produce sulfuric acid. This can cause substantial environmental 

damage to both the natural and built environment. 

1.3.2 Community Values 

There are still some, who perceive mangroves as undesirable, midge breeding 

areas, but on balance this perception seems to be changing and in more recent 

times, mangrove users have come to appreciate the environmental significance 

of the mangrove eco-system. 

Determining the community value of mangroves is difficult, as if often depends 

on personal opinion or the view of different user groups. A number of surveys 

have recently been undertaken in the Darwin region to establish public attitudes 

towards the Darwin Harbour marine environment. 

Community Surveys 

These surveys included the Marine and Coastal Community Network's "Darwin 

Harbour Community Survey 1996", the NTG's "Beneficial uses for Darwin Harbour" 

and the NT Environment Centre's "What future for Darwin Harbour?". 
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Collectively these surveys targefted a large portion of Darwin residents and 

canvassed their views. The surveys clearly demonstrated that the general public 

viewed the maintenance of aquatic ecosystems and recreational uses they 

provide as the preferred use of Territory water resources. 

Whilst these surveys were not specifically related to mangroves, they were 

focussed on Darwin Harbour, which is widely accepted as containing significant 

mangrove habitats. 

From the information derived from these surveys it can be inferred that the 

general public of Darwin value the mangrove associations within Darwin 

Harbour for the recreational opportunities they provide and the marine 

ecosystems they support. 

Recreation 

While appreciating the mangrove environment, some people find enjoyment in 

particular recreational activities, which can be either directly or indirectly linked 

to the health and vitality of mangroves ecosystems. 

Bird watchers, for example, particularly appreciate the mangroves for the 

specific and varied wildlife that they attract and support. They find enjoyment in 

identifying and watching the birds that inhabit mangrove areas. 

Recreational fishers are by far the largest community group that use mangroves 

for recreational pursuits. They often target mangrove areas as they recognise 

that mangroves provide breeding and nursery habitats for prized fish such as the 

barramundi and mangrove jack. Mud crabs and prawns are also often caught, 

along with many other marine species. 

A recent survey of recreational fishing in the NT found that an expenditure of in 

excess of $30 million annually is directly attributable to recreational fishing, with a 

total catch of over 1.8 million (Martin, In prep.). 
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Cultural Significance 

Indigenous Australians living in coastal areas also value mangrove associations, 

and have utilised them for thousands of years. Around 84% of the Northern 

Territory coastline is located adjacent to Aboriginal owned land. The mangrove 

associations within these areas are used as a resource for bush tucker, medicine 

and timber. Mud crabs, longbums, periwinkles, mangrove worms, mangrove 

jack, barramundi and many other marine species are collected as bushtucker. 

Certain mangrove plants are used as food. A. marina fruit is eaten but only 

after treatment to remove the bitter taste (Wightman, 1989). Other mangroves 

provide medicines. The ashes from burnt C. toga/ wood is used to heal sores 

and infections, while the bark of A. marina can be used to treat stingray stings 

(Wightman, 1989). Mangrove timber has also been used to construct canoes, 

paddles, boomerangs and spears. 

The number of sacred sites located within or adjacent to mangrove areas along 

the NT coastline also demonstrates the link between mangroves ecosystems and 

aboriginal culture (NT Coastal Resource Atlas). 

Commercial Fishing 

The commercial fishing industry also places a high value on mangrove resources, 

as they are generally considered to provide breeding, feeding and nursery 

areas for marine species. These include banana prawns, mud crabs, barramundi 

and bream. Studies in Eastern Australia have estimated that around 67% of the 

entire commercial catch is composed of species dependent upon mangrove 

estuarine areas (Martin, In prep.) 

One of the most valuable fisheries in Australia is the Northern Prawn fishery. 

Located in wafers lined by mangrove associations this fishery injects millions of 

dollars each year into the Northern Territory economy. 

In 1996/97 around 3,266 fonnes of prawns were produced from NT waters, 

valued at around $51 million. In addition, approximately $7.5 million of mud crab 

and $3.3 million of barramundi were caught in the NT (Martin, In. prep.). 
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Education 

Mangrove ecosystems are also a valuable educational resource. They support a 

wide range of animal species including birds, bats, lizards, crabs, and fish. In no 

other ecosystem can such an array of animals be found living together (Lear 

and Turner, 1977). 

The plants found within mangrove associations are also distinctive and most can 

not be found within any other environment. They have adapted to quite unique 

environmental conditions, including high salinities, regular inundation and low soil 

oxygen levels. No other large flowering plants could survive these conditions 

(Dames and Moore, 1988). 

The uniqueness of these plants and animals, along with the role that mangroves 

play in adjacent marine and terrestrial food chains make them ideal locations 

for education activities. Through studying mangrove associations and the 

interactions, which take place within them students can gain a better 

understanding of the natural environment. Thus it is important to maintain 

sufficient areas of mangroves close to educational facilities where educational 

activities can be conducted. 

Development 

The majority of the NT population, like other Australian states, resides within close 

proximity to the coast. Darwin and Nhulunbuy the NT's two largest coastal 

centres house around 90,000 people, over 45% of the NT's total population. 

The development of infrastructure associated with the establishment of these 

coastal centres has resulted in the utilisation of many coastal resources. Of over 

4,000 km2  of mangroves around the NT coast only a limited area has been 

cleared for development. Most of this has occurred within Darwin Harbour, 

where clearing for marina and industrial developments has resulted in the 

removal of just over 400 ha (unpublished data). 

While the development of mangrove areas is costly compared to that of 

adjacent terrestrial land. Mangroves are still cleared to provide for 

development opportunities. For a developer, the feasibility of developing an 
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area of mangroves is determined by whether development costs can be passed 

on to potential land purchases. 

Mangrove development involves obtaining suitable quantities of fill material to 

achieve a stable land base above the limits of high tide, which depending on 

the depths of existing mud and the proximity of fill material can lead to quite 

substantial development costs. 

In Darwin and other coastal areas surrounded by extensive mangrove 

associations there are limited areas where water based residential and 

commercial developments can occur without the need for landfill. As a 

consequence, landfilling mangrove areas becomes economically viable as the 

general public is willing to pay for the water access and scenic vistas provided 

by such developments. 

As Darwin and other major population centres around the NT continue to 

expand and public demand for water based residential developments increase 

continued pressure will be placed on mangrove resources. 
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1.4 Research Aim and Objectives 

in view of the value of mangrove ecosystems to the Northern Territory economy 

and way of life, this research paper aims to identify current mangrove 

management and research, establish estimates of mangrove productivity and 

finally suggest recommendations for future mangrove management. In order to 

achieve this aim the following objectives have been developed: 

• Review existing Northern Territory mangrove management policies and 

current research projects; 

• Establish a non-destructive method of obtaining mangrove standing 

biomass estimates; 

• Calculate mangrove standing biomass within Darwin Harbour; 

Calculate Darwin Harbour Productivity estimates; and 

• Make recommendation for future management and research. 

The remainder of this chapter (Sections 1.5) address Objective 1. Objective 2, 3 

and 4 are addressed in Chapters 3, 4 and 5, respectively and Objective 5 is 

addressed in Chapter 6. 
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1.5 Current Management and Research 

In order to conserve the values that mangroves provide while allowing for 

sustainable coastal development the NTG has put in place a number of 

management mechanisms and supported several research projects. The 

management mechanisms have been designed in accordance with National 

and International Agreements and aim to conserve and protect the NT mangrove 

resources while continued support to research projects has ensured that decisions 

are based on up to date and relevant information. 

1.5.1 Legislative Framework 

The NTG has developed a number of legislative mechanisms to ensure that the 

natural resources of the NT are utilised appropriately and not over exploited. 

These include Acts relating to: 

• Planning; 

• Environmental Assessment; 

• Parks and Wildlife Conservation; 

• Fisheries; and, 

• Water. 

Planning 

The Northern Territory Planning Act 1999 provides for appropriate and orderly 

planning and control of the use and development of land within the NT. 

Under this Act Land Use Objectives and Control Plans are formulated. Land Use 

Objectives outline the development policy for a region and Control Plans 

establish those activities, which are: 

• Permitted; 

• Permitted with consent from either the Minister or the NT Planning Authority; 

or 

• Prohibited (NTG,1997a). 
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Within the Darwin Harbour catchment the following Control Plans apply: The 

Darwin Town Plan 1990, the Palmerston Town Plan 1982, the Litchfield Area Plan 

1992 and the Darwin Rural Area Plan 1983, all of which have been commented 

on by the general public and amended over time. 

Permitted Use 

If under a control plan coastal development, ie a marina precinct, is declared a 

permitted use, the clearing of mangroves would be permitted for such a 

development. However, the proposed activity would still require consent under 

the Water and Environment Assessment Acts. This ensures that the development 

proceeds in accordance with environmental guidelines eg. Environmental 

Guidelines for Rec/amation in Coasta/ Areas (NTG, 1999). These guidelines help 

to reduce the indirect impacts of coastal development on the surrounding 

mangrove ecosystems. 

Consent Use 

Developments, which need consent under the Planning Act, must be advertised 

by the erection of a bright pink sign on the land and by placement of an 

advertisement in the local newspaper. The public is invited to comment on the 

development and address any concerns to the Department of Lands, Planning 

and Environment (DLPE). Government bodies are also asked to provide 

comment on the development and assess whether any requirements need to 

be met with regard to the appropriate legislation. 

The Consent Authority then considers issues identified within Government and by 

the public. The Consent Authority is either the Northern Territory Planning 

Authority or the Minister of Lands, Planning and Environment. 

If the Consent Authority approves a proposal, a Planning Permit will be issued. 

Permits are usually subject to conditions, which may cover a wide range of 

matters including those relating to the environment (NIG, 1997a). Table 1.5.1 

illustrates the process for gaining approval for proposed developments. 
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Table 1.5.1: Development Approval Process I Public Environmental 
Report (Source: NTC I999a) 

110,  -Recommendations 

Environmental AppIiicaiol 
Is Environmental I YES 

Assessment Act Assessment required? I _______________________ 

to: Environment Protection, DLPE 4 I 
I I Environmental YES NO Impact Statement 

I -Recommendations 

Planning Act Applicatio Is it for a NGL Is Notice of 
Heritage Place? W Intention 

to: Development Required? 
Assessment Services, YES 
DLPE 

YES 

Applicatio Is it fora 

 
Is Planning 

Building Act

4 Required? 
to. Private CertUler 

YES 

Heritage Heritage 
Conservation Act Application Permit 

to: Heritage Conservation 
DLPE 

Planning 
Permit 

NO Building 
Permit 
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General Introduction 

Prohibited Use 

Developments, which are prohibited under a Control Plan, can only proceed if 

the Plan is amended. The Minister is the only person who has the power to 

amend a Control Plan. Proposed Control Plan amendments are advertised in 

the local newspaper and by the placement of a bright pink sign on the site. 

These provide the community with the opportunity to become involved in the 

process (NTG, 1997a). 

Environmental Assessment 

Developments likely to cause significant environmental impact require 

assessment under the Environmental Assessment Act. 

If the potential impact is judged to be significant by the Minister of Lands, 

Planning and Environment either a Public Environmental Report (PER) or a 

Environmental Impact Statement (ElS) is required. 

The public has the opportunity to become involved in the process through 

providing comment on the guidelines for either a PER or EIS and on the final 

document. Various Government Authorities are also invited to provide 

comment and help to develop these guidelines. 

If the project is approved, various conditions will be incorporated relating to the 

issues identified throughout the assessment (NTG,1997). 

Recent examples within Darwin Harbour catchment, which have involved 

mangrove clearing, include Bayview Canal Estate and the East Arm Port 

Development. The Bing Bong barge loading facility is another example of a 

development which required mangrove clearing. 
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General Introduction 

Parks and Wildlife Conservation 

The Commonwealth National Parks and Wildlife Act makes provision for land of 

national importance to be declared a park or reserve. In 1979 this Act was used 

to declare one of Australia's most famous National Parks, Kakadu. 

Kakadu National Park extends over 19,000 km2  and contains the second largest 

protected mangrove stand in the NT. These mangroves extend over much of 

the southeastern coastline of Van Diemen Gulf and encompass an area of just 

over 100 km2. This constitutes around 3% of the mangroves found throughout the 

NT. 

The Territory Parks and Wildlife Conservation Act provides a mechanism for the 

declaration of Parks, Reserves and Conservation areas which protect and 

conserve plants and animals. Figure 1.5.1 illustrates the extent of current Parks, 

Reserves and Conservations areas within the NT. 

This Act has been used to afford protection to large areas of mangroves within 

the Territory. The largest stand of mangroves protected under this Act is around 

200 km2  in size and is contained within Gurig National Park, located on the 

Coburg Peninsula. Other large areas of mangroves are conserved within 

Djukbinj National Park, the Vernon Islands Conservation Area and Indian Island 

Forest Reserve. 

In total, around 450 km2  or around 12% of the mangroves found throughout the 

Territory have been protected within National Parks, Conservation Reserves, 

Nature Reserves and other Conservation areas (Table 1.5.2). 

1 When declared the proposed Beagle Gulf Marine Park will significantly increase 

the level of mangrove protection within the Territory. The Marine Park will extent 

from Cape Ford to Cape Hotham and will protect the mangroves found within 

both the Bynoe Harbour and Adelaide River Catchments, estimated at some 

40,000 ha or around 10% of the total mangrove area in the NT. 

IPending resolution of Native Title 

20 



General Introduction 

The Northern Territory Parks and Wildlife Act: 

prevents the felling or taking of mangrove plants located within a "park" 

or "reserve" (unless specified within a management plan): and 

. restricts the taking of/or damage to mangrove plants within a "protected 

area" or 'sanctuary", through the use of permits and licences. 

On other areas the Act also places controls on the use of mangroves by: 

preventing the taking of mangrove plants for the purpose of sate, from 

Crown Land or land leased from the Territory. 

Table 1.5.2: Protected mangroves areas around the NT. The table shows mangrove areas contained 
within Conservation areas, National Parks, Coastal Reserves and other park areas management by the 
PWCNT. The figures IndIcate the area of mangroves within each park, the total park area, the percentage 
of the park comprised by mangroves and the percentage of those mangroves as a total of the mangrove 
extent in the NT. 

Park Name Area of 
mangroves 

In Park (km2) 

Total Area 
of Park 
(kin2) 

% of Park 
containing 
mangroves 

% of NT 
mangrove 

extent 

Adelaide River Foreshore Conservation 0.01 2.53 0.5 - 

Area. 
Barranyi (North Island) National Park 0.79 53.45 1.5 0.02 
Blackmore River Conservation Reserve 0.55 5.47 10 0.01 
Casuarina Coastal Reserve 0.14 13.81 1 - 

Channel Island Conservation Reserve 0.77 1.17 66 0.02 
Charles Darwin National Park 7.17 13.04 55 0.19 
Djukbinj National Park 79.47 553.17 14 2.12 
Gurig National Park 203.94 2275.60 9 5.44 
Harrison Dam Conservation Area 2.53 33.00 8 0.07 
Indian Island Conservation Area 9.53 26.45 36 0.25 
Kakadu National Park 102.66 19087.71 0.5 2.74 
Proposed Mary River National Park 5.61 1216.69 0.5 0.15 
Melacca Swamp Conservation Area 3.49 22.95 15 0.09 
Territory Wildlife Park 0.61 8.06 8 0.02 
Tree Point Conservation Area 2.16 9.69 22 0.06 
Vernon Islands 31.19 81.75 38 0.83 

TOTAL 450.62 23404.54 12.01 
Source - Parks and Wildlife 1998 

21 



General Introduction 

Figure 1.5.1: Illustrates areas that have been declared as National Parks, Conservation Reserves, Coastal Reserves and other Park Areas under the 
Commonwealth National Parks and Wildlife Act 1979. 
Source: PWCNT, 2000 
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General Introduction 

Fisheries 

The Fisheries Act 1998 was formulated to regulate, conserve and manage the 

fisheries and fishery resources of the NT. It gives the Minister the power to 

declare an area, place or any wafers a Fishery Management Area. 

Under this Act an area of mangroves surrounding an important fishery could be 

contained within a declared fisheries management area. This would restrict the 

way in which mangroves could be utilised, protecting them from adverse 

impacts. 

This Act also restricts the: 

• taking of aquatic life, which includes mangroves, for any reason except 

for personal use, unless the person does so under and in accordance with 

a license. 

Water 

The Water Act 1999 provides for the investigation, use, control, protection, 

management and administration of water resources. Under this Act a person 

shall not, unless authorised interfere with a waterway. Mangrove associations 

inhabit the fringes of coastal estuaries and as defined under the Water Act 1999 

are included within waterways. This provides the government with the ability to 

control, restrict or prevent the clearing or reclamation of mangrove associations 

around the NT coastline. 
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General Introduction 

1.52 Planning Framework 

With the exception of fairly discrete and isolated developments around the 

coast, the majority of mangrove clearing in the NT has occurred within Darwin 

Harbour. Thus, current planning measures and frameworks dealing with coastal 

reclamation and mangrove clearing have been concentrated on to the Darwin 

region. 

Darwin Land Use Structure Plan 1990 

To enable controlled development of the Darwin region, the NT Government 

formulated the Darwin Land Use Structure Plan, 1990 (NTG, 1990). The objective of 

the plan was to "establish a broad land use structure for the future development 

of the Darwin region". It identified sufficient land suitable for all land uses 

anticipated for a regional population of at least one million (NTG, 1990). The 

decision to develop a plan for this population was made after assessing the 

historical growth of other major population centres around Australia. 

At the time of Federation in 1901, Perth had a population of about 70,000, less 

than the present population of Darwin, while Brisbane and Adelaide, with 

populations of 120,000 and 160,000 respectively, were only a little larger. By 1988 

all three cities had populations of over one million (NTG, 1990). 

Based on these comparisons and taking into account that Darwin is becoming 

the gateway to South-East Asia, the Darwin Landuse Structure Plan 1990 planned 

for the growth of the Darwin Region to accommodate a population of one million 

within the next 85 to 100 years (NTG, 1990). 

In accordance with this structure plan, development has been zoned into four 

categories: urban residential; rural residential; industry and special/community 

uses. Each category has been located around the harbour in areas considered 

appropriate for that use. 

While future development has been centralised around Darwin Harbour, the 

Structure Plan allows for the retention of 80% of the harbour's mangrove 

productivity. 
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General Introduction 

This planning commitment was derived from a paper prepared by the 

International Union for the Conservation of Nature. It suggests that no more than 

20% of the productivity of any discrete block of mangroves should be lost for 

development purposes, if the ecological function of the mangrove ecosystem is 

to be maintained (Hamilton and Snedaker, 1984). 

This principle is further supported by Suter et al. (1995) who suggests that to lose 

more than 20% of the abundance or production of an ecosystem within a specific 

habitat would constitute a significant loss to the ecology of the area. 

When the Darwin Land Use Structure Plan was formulated in 1990, there was 

limited data and no widely accepted methodologies available for the calculation 

of mangrove productivity. As a consequence the conservation of 80% mangrove 

productivity was equated to conservation of 80% of mangrove area (NTG, 1990). 

In order to investigate this assumption and ensure that our knowledge of 

mangrove ecosystems in the NT is increased the NTG and other agencies such 

as the Northern Territory University (NTU) have developed and supported a 

number of research and data gathering initiatives. 

1.5.3 Mangrove Research 

In 1997, the NT Government made available funds to conduct a number of 

scientific research studies. These studies were seen as critical to increasing the 

knowledge base of mangrove associations in the NT as they would collect vital 

and new information about NT mangroves and investigate their links to the 

surrounding marine environment. 

The NT Government and the NTU have progressed the majority of these studies 

including: 

Mangrove Mapping; 

Mangrove Monitoring; 

o Monitoring Mangrove Health; and 

o Community Mangrove Monitoring. 
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General Introduction 

• Quantifying Links; 

o Mangrove/Fish Link; 

o Sesarmid Crab Project; 

o Mangrove Insect Project; and 

o Mangrove Fauna Diversity; 

• Mangrove Rehabilitation; 

• Productivity Studies; 

o Leaf Litter Fall; 

o Standing biomass; and 

o Biomass accumulation. 

Mangrove Mapping 

In 1994, as part of the National Forest Inventory, the former Conservation 

Commission of the NT undertook a survey of Darwin Harbour mangroves 

(Brocklehurst and Edmeades, 1996a). Along with providing a map (Figure 1.5.2) 

and an inventory of mangrove associations, the project aimed to identify the 

most cost-effective method for future mangrove mapping projects. 

Based on the success of this project and the valuable information it provided the 

DLPE decided to extend the mangrove mapping project. 

In order to prioritise and focus the mapping, a mangrove regionalisation study 

was conducted. This project collected data on mangrove extent and 

composition, and the representativeness of mangrove associations throughout 

the NT. The study also determined whether mangrove areas could be 

realistically compared with one another (Brocklehurst and Edmeades, 1996). 

The study identified 7 distinct mangrove regions, including: 

• Bonaparte 

• Darwin 

• Alligator Rivers 

• Tiwi-Wessel 

• Arnhem Coast 

• East Am hem, and, 

• Gulf 

~Ie~ 
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General Introduction 

These mangrove regions are illustrated in Figure 1.5.3. 

As information concerning the mangroves of the "Darwin" region was 

considered a priority it was decided that additional mangrove mapping and 

surveying should be conducted in this region. 

As a consequence the Bynoe Harbour mangrove survey began in 1997, and 

more recently mapping has been extended to include the mangrove 

associations located within the Adelaide River Catchment, 

When this work is finalised the total area of mangroves mapped will extend from 

Dundee Beach to Cape Hotham, covering an area of approximately 60,000 ha. 

This is equivalent to around 14% of the entire area of mangroves found around 

the NT coastline. 

On completion of the Darwin Harbour study Brocklehurst and Edmeades made a 

number of recommendations and suggested several areas of future mangrove 

study. Recommendations included: 

• continued surveying and mapping of large discrete blocks of mangroves 

located within the remaining mangrove regions should be conducted, to 

determine mangrove community composition and structure on a 

regional basis; 

• establishment of a network of mangrove monitoring sites within the 

mangrove associations of Darwin Harbour to monitor the effects of 

development; 

• investigations should be conducted into biomass equations for main 

mangrove species; and 

• productivity studies should be completed to relate previous surveys to the 

mapping component of the Darwin Harbour survey. 

FVS 
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General Introduction 

Darwin Harbour Mangrove Communities 

- 
/ 

• 2r __t__ 

• as 

Figure 1.5.2: This map was complied by Brocklehurst and Edmeades (1996a) on completion of their detailed survey 
of the mangrove associations contained within Darwin Harbour. In total twelve associations were mapped including 
Samphire Saltpan and Beach. 
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Mangrove Regionalisation 
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FIgure 1.5.3: Produced by Brocklehurst and Edmeades (1996b) this map illustrates mangrove regionalisation along the Northern 
Territory coastline. Seven regions have been identified extending from the Bonaparte region on the western NT coastline to the Gulf 
at the Northem Territory Queensland border. 



General Introduction 

Mangrove Monitoring 

Monitoring Mangrove Health 
A network of mangrove monitoring sites has recently been established within 

Darwin Harbour. This network consists of twenty-seven undisturbed monitoring 

sites located along 7 transects within representative mangrove associations. 

At each monitoring site a detailed survey and inventory of vegetation and site 

characteristics has been recorded. This includes measurements of species 

diversity and abundance, tree health, community structure and other 

environmental parameters including soil salinity, soil pH and soil moisture. 

The information obtained through the establishment of this monitoring program 

has provided a baseline of mangrove community condition within Darwin 

Harbour. Through monitoring of these sites it will be possible to study natural 

ecological processes, regeneration potential, growth patterns, leaf litter and 

biomass productivity as well as changes in other environmental parameters. 

The undisturbed nature of the sites will also provide resource managers and 

scientists with the opportunity to utilise them as control sites. These control sites 

should be used to evaluate the impacts of coastal development and clearing 

on the flora and fauna of Darwin Harbour mangroves. 

Community Mangrove Monitoring 
A community mangrove monitoring network has been established within four of 

the local catchments surrounding Darwin and include Ludmilla Creek, 

Sadgroves Creek, Hudson Creek and Rapid Creek. Within each catchment two 

20 x 20 m plot sides have been established within representative mangrove 

associations. 

The aim of the project is to encourage the community to become actively 

involved in the monitoring of mangrove associations and to develop a greater 

understanding of the issues and impacts on mangrove ecosystems in urban 

catchments (NTG, 2000). 

~-Vs 
30 



General Introduction 

The data collected will help to quantify the impacts of urban development on 

mangrove associations with information collected on species diversity, 

productivity, and association condition. 

A major component of the project is public awareness with scientific staff 

conducting field trips and educational talks on monitoring techniques, soil 

analysis, mangrove ecology and mangrove rehabilitation and conservation 

(NTG, 2000), 

Quantifying Links 

 

A number of studies have been initiated to investigate and 

attempt to quantify the link between mangrove 

associations and the vast array of fauna they support. 

Students from the NTU are currently conducting the 

majority of these studies with support from, or in 

collaboration with, Government Departments. 

Projects include: 

• Mangrove/Fish Link; 

• Sesarmid Crab Project; 

• Mangrove Insect Project; 

• Mangrove Fauna Diversity; 

• Recovery of Mangroves to Disturbance; 

• Mangrove Rehabilitation; and 

• Mudcrab Habitats. 

Mangrove/Fish Link 
Many studies around the world have suggested that mangroves are important 

breeding, nursery and feeding habitats for fish and other marine species. 

Martin, a PhD student from the NTU with supported by the DLPE and DPIF, 

recently conducted a project to investigate the link between mangrove 

associations and fish assemblages within Darwin Harbour. 

31 



General Introduction 

The project will obtain information on the abundance, distribution and ecology 

of fish species, which inhabit the mangrove ecosystems of Darwin Harbour and 

will attempt to relate this information with mangrove productivity. 

The findings of the field portion of the project will be combined with the data 

obtained from other research being conducted with the mangrove association 

of Darwin Harbour to create a dynamic ecosystem model. The model will 

facilitate investigation of the importance of mangrove to the Darwin Harbour 

ecosystem and possible responses to various ecosystem changes (Martin, In 

prep.). 

Preliminary results show that the mangrove association of Darwin Harbour 

contain a high diversity of fish species with over 60 species from 29 families 

caught and identified. Stomach content analysis has shown that the fish caught 

fed on crabs, shrimps and other invertebrates (Martin, In prep.). 

Sesarmid Crab Project 
Conducted by Salgado-Kent a PhD student from the 

NTU, this project aims to identify the role that sesarmid 

crabs play in the mangrove ecosystem. This study will 

attempt to quantify the link between sesarmid crab 

abundance and mangrove leaf litter breakdown. 

Studies undertaken on the East Coast of Australia have shown that sesarmid 

crabs consume large proportions of mangrove leaf litter and are important in 

determining mangrove distribution. 

Mangrove Insect Project 
Recent studies have shown that there is a close association between mangrove 

plants and insects. The extent, to which insects influence mangrove ecology, 

however, has not been quantified. 

Coupland, is conducting a PhD study through the NTU which investigates the 

role of insects in mangrove reproduction, recruitment and productivity for the 

mangrove species A. marina, C. toga!, R. sty/osa and S. a/ba. 
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The findings of the study will increase our understanding of the interaction 

between mangrove plants and insects. 

Mangrove Fauna Diversity and Abundance Study 
Metcalf, as part of a PhD study through the NTU, has begun a study to identify 

the diversity and abundance of terrestrial fauna found throughout the 

mangroves of Charles Darwin National Park (CDNP). 

Trapping conducted over a 3 year period has recorded a total of 11 mammal 

species illustrating that the mangrove association contained within CDNP 

represent a significant habitat for local mammal species. Bat surveys have also 

resulted in the identification of 9 bat species including large numbers of fruit bats 

(Metcalfe, In prep.). 

The information obtained from this study will give an indication of the array of 

animals that inhabit the mangrove associations of Darwin Harbour and will make 

a significant contribution to our knowledge of the role played by mangrove 

associations as habitat areas. 

Mangrove Rehabilitation Studies 

While it is important to gather data on the natural conditions of mangroves and 

environmental interactions, which occur within the mangrove community, there 

is also a requirement to investigate methods and techniques for mangrove 

rehabilitation. 

Conducted by Metcalf as part of a PhD thesis research is being undertaken 

within disturbed sites of CDNP. The aim of the research is to investigate the 

factors delaying recovery of mangrove seedlings through the examination of 

mangrove seedling growth and survival (Metcalfe, In prep.). 

Preliminary results suggest that seedling growth and thus recovery is affected by 

predation, shade, mechanical damage from floating debris and soil conditions 

(Metcalfe, In prep.). 
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The information gained through these studies will help in the development of 

techniques for the reestablishment of mangrove associations on degraded sites, 

or to increase natural succession rates in response to cyclone damage. 

Productivity Studies 

Mangrove productivity is important because it has direct impact on the health 

and function of the marine food chain (Saenger et al., 1983). 

Determining the link between mangrove area and mangrove productivity has 

been recognised as an important step in improving the management of 

mangrove resources within Darwin Harbour and the NT. Three major scientific 

studies have been developed to gain information on specific aspects of 

mangrove productivity within Darwin Harbour and the NT. These studies include: 

• Leaf Litter Fall; 

• Standing Biomass; 

• Biomass Accumulation; and 

• Mangrove Productivity. 

Leaf Litter Fall 
A Leaf Litter Fall Project developed by Metcalf, as a Masters thesis through the 

NTU in collaboration with staff from the DPLE has obtained data on leaf litter fall 

rates within Darwin Harbour. 

Conducted over a three year period the study indicates that mangroves within 

Darwin Harbour are highly productive, with an average rate of litter production 

estimated to be over 750 g/m2  annually (Metcalfe, 1999). Highest litter falls were 

recorded within the mangrove associations located at the most landward 

(hinterland) and seaward (S. a/ba woodland) edges. 

An estimate of the leaf litter fall contributed to Darwin Harbour by each of the 

mangrove associations has also been calculated. Results indicated that Tidal 

Creek associations contribute most significantly with 49,927 tonnes contributed 

per year (Table 1.5.3). 
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General Introduction 

Table 1.5.3: Leaf Litter Productivity, Darwin Harbour, NT 1997-2000. 

Association Area 
ha 

Leaf Litter Fall 
t/yr 

1 Shoreline Forest 667 6,383 

2 Tidal Creek 5,965 49,927 

3 Transition 734 4,052 

4 Mid Tidal FIat 7,959 33,667 

5 High Tidal Flat 892 4,852 

6 Hinterland 1,525 13,024 

7 Low Woodland 297 1,797 

8 Sonneratia Woodland 968 10,832 

Total Darwin Harbour 124,533 
source: Metcalte (1SY?). 

To better understand temporal trends in mangrove leaf litter productivity, the 

leaf litter fall studies are continuing. 

Standing Biomass, Biomass Accumulation and Mangrove Productivity. 
Research into the standing biomass, biomass accumulation and mangrove 

productivity of the mangrove associations of Darwin Harbour has been 

researched in detail in the following chapters. 

The focus of the research has been to build on mangrove mapping studies 

conducted within Darwin Harbour by Brocklehurst and Edmeades (1996a) and 

to establish tools for future mangrove study. 

In line with the recommendations made by Brocklehurst and Edmeades (19960) 

work has been conducted to determine biomass equations for the main 

mangrove species found within Darwin Harbour and relate these equation to the 

mapping component of the Darwin Harbour survey (Brocklehurst Edmeades, 

li.ii.'I 
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General Introduction 

The objectives of the research are to: 

• establish altometric relationships between the diameter at breast 

height (DBH) and total standing biomass for four of the most 

commonly occurring mangrove species found throughout Darwin 

Harbour, R. stylosa, C. tagal, A. marina, and B. exaristata; 

• calculate mangrove standing biomass; 

• estimate biomass accumulation; and 

• determine mangrove productivity for the major mangrove 

associations with Darwin Harbour. 

F'4"S 
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2.0 STUDY AREA 

Darwin Harbour, Northern Territory 



Study Area 

2.0 STUDY AREA 

2.1 Darwin Harbour, Northern Territory 

Darwin Harbour is a drowned river valley system (Woodroffe and Bardsley, 1988) 

located on the north eastern coastline of the Northern Territory, latitudes 12025 

and 12045' Sand longitudes 130°45' and 131003 E. This na coast was formed by 

the post-glacial marine flooding of a dissected plateau (Semeniuk, 1984). 

LOCATION OF DARWIN HARBOUR 

NORTHERN 
TERRITORY 

QUEENSLAND 
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Figure 2.1 .1: The focus of this study is based around the mangrove associations of the Darwin Harbour 
located on the north western coast of the Northern Territory. The Harbour covers approximately 450 km2  
and contains approximately 20,000 ha of mangroves. 
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Study Area 

The Harbour's ocean limits are defined as East Point in the north-east and West 

Point (Mandorah) in the North-west and includes the major sub-embayments of 

Fannie Bay, Frances Bay, East Arm, Middle Arm, West Arm and Woods inlet. In 

total the harbour encompasses an area of approximately 450 km2  (Brocklehurst 
and Edmedes, 1996a). 

Tides within the harbour are semi-diurnal with amplitudes ranging from 0 m to 8 

m, with mean sea level at 4.5 m (Darwin Town Datum Levels [DTD]), Mean water 

salinity is 33 ppt (Jaensch, 1993). 

Average annual rainfall is 1,534.7 mm with most falling during the Wet season 

between October and February. Mean temperatures range between 23.6°C 

and 32.7°C and annual evaporation is about 2,600mm (Jaensch, 1993). 

The harbour's catchment area is approximately 1,720 km2  (NTG, 1 997a), and is a 

dissected plateau underlain by Precambian rocks with a variable cover of 

Cainozoic laterites and weathering products (Christian and Stewart, 1953), which 

rises gently to 20 to 40 m elevation (Jaensch, 1993). 

The major surface inflow to the harbour is to East Arm from Elizabeth River, 

originating 20 km south-south-east and to Middle Arm from Berry Creek, Darwin 

River and Blackmore River each originating up to 27 km south (Jaensch, 1993). 

The inflow from these rivers during the wet season, and shortly afterward, causes 

the harbour to function as a large estuary with substantial quantities of 

freshwater discharging into the marine system (Brocklehurst and Edmedes, 
1996a). 

Sedimentary infilling and erosion within the embayments of Darwin harbour have 

created a wide range of medium-scale geomorphic units including tidal 

flats/hinterland contact, high tidal alluvial fans, main tidal flats, tidal creeks, 

spits/cheniers, and rocky shores (Semeniuk, 1984). While all these geomorphic 

units support mangrove growth, Brocklehurst and Edmeades, (1996a) described 

the main tidal flat and tide creeks as the two main habitat types supporting 

mangrove vegetation in the harbour. 

54/ 
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Study Area 

In total Darwin Harbour contains approximately 20,000 ha of mangroves, and is 

recognised as being one of the largest discrete blocks of mangroves found in 

the Northern Territory, constituting around 5% of the total 4,129 km2. These 

mangroves have been described by Wightman (1989) as the most extensive and 

species rich of any NT embayment. Although no rare or endangered species 

have been found to date, Darwin Harbour contains 12 distinctive mangrove 

associations or communities (Brocklehursf and Edmeades 1996a) and around 36 

of the 48 NT mangrove species (Wightman, 1989). 

C. tagal forests are the most commonly occurring mangrove association, 

representing approximately 40% of the mangrove area within Darwin Harbour. 

Occurring on the mid and high tidal flats and hinterland regions these 

associations form closed forests, low closed forests and open-forests, varying in 

height from 1 - 10 metres (Brocklehursi and Edmeades, 1996a). While these 

forests are generally dominated by C. taga/ other species commonly occur, 

including, A. marina, Lumnitzera racemosa, Aegia/itis annu/ata, B. exaristata, 

Excoecaria ova/is, Scyphiphora hydrophyllacea, and R. sty/osa. 

R. sty/osa closed forest associations vary in height from 6 to 18 metres and occur 

on tidal creek areas and the seaward fringes of the main tidal flat. These forests 

make up around 33% of the mangrove area in Darwin Harbour. Species 

commonly occurring within these forests include R. sty/osa, S. a/ba, A. marina, 

Cam ptostemon schultzii, Aegiceras corniculatum, A. annulata, Xy!ocarpus 

mekongensis and C. taga/. 

The remaining associations occur more sparsely and together represent around 

20% of Darwin Harbour mangrove area. S. a/ba open-forest to open woodland 

occurs on the seaward edge of the mangrove forests and extends out into 

mudflats. To the landward side of the mangrove zone forming a narrow band 

are mixed species low-closed forests and closed forests. 

An estimate of the area and percentage that each community represents of 

the Darwin Harbour total is presented in Table 3.2.1, while, Figure 1.5.2 illustrated 

earlier shows the distribution of each community. 
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Table 2.1.1: The extent of mangrove associations identified by Brocklehurst and Edmeodes (1996b) from 
surveys in Darwin Harbour. The table lists the twelve associations they identified, along with the area 
occupied by each, and the percentage each constituted of the total mangrove area, within the Harbour. 

Mangrove Associations of Darwin Harbour Area 
(ha) 

Percent  
(%) 

1 Rhizophora stylosa closed-forest/low closed forest 
(Shoreline forest) 

668 3.3 

2 Rhizophora sty!osa/Camptostemon schu!tzii closed- 
forest (tidal creek) 

5,965 29.2 

3 Rhizophora Bruguiera/Ceriops Closed-forest (transition) 34 3.6 

4 Ceriops togal low closed-forest (mid tidal flat) 7,959 39.0 

5 Ceriops taga!/Avicennia marina low closed forest (high 
tidal flat) 

892 4.4 

6 Mixed species low closed forest/open-forest 
(hinterland) 

1,525 7.5 

7 Mixed species low woodland 288 1.5 

8 S. a!ba woodland 968 4.7 

9 Rhizophora sty!osa low woodland (islands, rocky shores) 2.8 0.01 

10 Low open-woodland (low tidal mudflat) 24.2 0.12 

11 Samphire/Saltpan 1,377 6.7 

12 Beach 28 0.14 

Total 20,432 100 

source: Brocklehurst and Edmeades (1996a). 
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3.0 PROJECT I 

The establishment of a non-destructive method of 
obtaining mangrove-standing biomass. 

~ _,~ Is 



Project 1 -. Allornetric Relationships 

3.0 PROJECT I 

3.1 The establishment of a non-destructive method of 

obtaining mangrove-standing biomass. 

Non-destructive methods of obtaining mangrove standing biomass have 

been developed by several researchers and involve the establishment 

of a relationship between the standing biomass of a tree species within 

a vegetation association and some readily measurable tree variable. 

In the majority of tree species, it has been found that the diameter at breast 

height (DBH) of a tree is the most reliable and conveniently measured 

independent variable from which to estimate total tree biomass (Crow, 1971). 

Allometric relationships between DBH and standing biomass have been reported 

by a number of including Aksornkoae (1976), Amarasinghe and 

Balasubramaniam (1992), Briggs (1977), Clough and Scott (1989), Clough et al. 

(1997), Causton (1985), Day et al. (1987), Ong et al. (1985), Putz and Chan 

(1986), Silva et al. (1991) and Whittaker and Marks (1975). Most often these 

relationships are calculated between DBH and above ground biomass or its 

component parts. Limited literature is available which reports the allometric 

relationships between DBH and total tree biomass as few studies included the 

below ground biomass portion. Studies have shown that the below ground 

portion of mangrove biomass can be equivalent to approximately 40 to 50% of 

total standing biomass (Cintron & Schaeffer-Novelli, 1983, Golley et al., 1962 and 

Briggs, 1997). 

The key objective of this research project was the development of allometric 

relationships between DBH and tree component part biomass including leaf, 

branch, stem, above ground root, above ground biomass, below ground 

biomass and finally, total tree biomass. These relationships were established for 

the four most commonly occurring mangrove species found within Darwin 

Harbour: A. marina, B. exaristata, C. toga! and R. sty!osa. 

FVS 
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32 METHOD 

32.1 Species Selection 

Four mangrove species were chosen for the study, R. stylosa, A. marina, B. 

exaristata and C. tagal. As reported by Brocklehurst and Edmeades (1996a) 

these species were not only the most frequently occurring but also made up the 

largest portion of association basal area per hectare (Table 3.3.1& 3.2.2). Table 

3.2.1 also shows the percentage that the four species represent of the total 

Darwin Harbour mangrove basal area, 67.7 %. 

Table 3.2.1: Brocklehurst and Edmeades (1996a) rated the frequency of occurrence of each species 
found within the vegetation plots sampled during their survey of Darwin Harbour mangroves. R. stylosa. A. 
marina. B. exarisfafa and C. tagal where shown to be the most common recording the highest frequencIes 
of occurrence. When expressed as a percentage it can be seen that each of these species occurred in 
over 30% of the plots sampled. 

Species Occurrence Frequency Percent 
Acacia auriculiformis 1 1.28 
Acrostichum speciosum 1 1.28 
Aegialitis annulata 19 24.36 
Aegiceras corniculatum 12 15.382 
Avicennia marina 38 48.72 
Bruguiera exaristata 24 30.77 
Bruguiera gymnorrhiza 1 1.28 
Bruguiera parviflora 18 24.36 
calopogonium spp. 1 1.28 
camptostemon schultzii 18 23.08 
Carpentaria acuminata 1 1.28 
Ceriops tagal 38 48.72 
cynanchum carnosum 2 3.56 
cyperus spp. 1 1.28 
Diospyros compacta 1 1.28 
Excoecaria ovalis 12 15.38 
Fimbristylis cymosa 2 3.56 
Fimbristylis polutrichoides 2 3.56 
Fimbristylis rara 1 1.28 
Gymnanthera oblonga 1 1.28 
Halosarcia halonemoider 1 1.28 
Halosarcia indica 1 1.28 
Lumnitzera racemosa 13 16.67 
Melaleuca cajuputi 1 1.28 
Osbornia octodonta 4 5.13 
Pandanus spiralis 1 1.28 
Rhizophora stylosa 46 58.97 
Scyphiphora hydrophylacea 4 5.13 
S. alba 10 13.82 
Sporobolus virginicus 3 3.85 
Stylidium fissilobium 1 1.28 
Tecticornia australasica 2 3.56 
Thespesia populneoldes 1 1.28 
Xylocarpus mekongensis 6 7.69 
Source: Brocklehurst and Edmeades 1995 
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Table 3.2.2: When the combined basal area of the four selected species is expressed as a percentage of 
total basal area within each association it can be seen that a significant portion of association basal area 
is contributed by R. stylosa, A. marina. B. exaristata and C. fagal. In order to assess the contribution made 
to total harbour basal area the combined basal area of the four species within each association was 
totalled. 

Map 
Unit Association 

% the 4 species 
represent of association 

basal area 

% the 4 species 
represent of entire 
harbour basal area 

1 Shoreline forest 93.00 14.90 
2 Tidal creek 53.90 8.00 
3 Transition 93.00 11.60 
4 Mid Tidal Flat 93.60 15.00 
5 High Tidal Flat 100.00 4.70 
6 Hinterland 46.00 8.90 
7 Low Woodland 80.00 3.50 
8 Woodland 0.02 <0.01 
9 Islands, Rock Shores 100.00 1.30 
10 Low Tidal Mudflats 23.60 0.76 

Total 67.7% 

Source: Brocklehurst and Edmeades. 1995. 

3.2.2 Sampling Range 

In order to develop allometric relationships over as large a population range for 

each chosen species as possible, reference was made to the Diameter Class 

Frequency Distribution Graphs prepared by Brocklehurst and Edmeades (1996a) 

during their floristic survey of Darwin Harbour. By using the lowest and highest 

DBH values for each graph an indication as to each species population range 

was obtained. 

As financial and logistical constraints limited the number of trees that could be 

sampled (10- 15 per species), each population range was divided into several 

classes with trees being selected from each class for sampling purposes. The 

graphs in Figure 3.2.1 represent the Diameter Class Frequency graphs produced 

by Brocklehurst and Edmeades (1996a) and show the class divisions used for this 

study. It was to intended that up to two trees be selected from within each size 

class. 
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Figure 3.2.1: Frequency distribution graphs prepared by Brocklehurst and Edmeades 
(19960) from surveys In Darwin Harbour. The distribution graphs indicate the population 
ranges for the four species selected within this study. To ensure samples were selected 
over as wide a range as possible for this study each distribution was separated Into a 
number of smaller class sizes and trees selected from each class. It was anticipated that 
approxImately 2 trees would be sampled from within each size class. 

Site Selection 

Selecting appropriate sites for the removal and processing of mangrove trees 

was restricted by two major considerations. The first was to limit the amount of 

environmental damage caused and the second was the ability to obtain 

suitable access to the site. Access was a major concern as heavy machinery 

such as excavators and water tankers were required for the processing of above 

ground biomass of large trees and for the removal of below ground biomass. 

As a result sites where selected that took advantage of recent land reclamation 

and development projects around Darwin. This presented the opportunity to 

44 



Project 1 - Method 

utilise condemned mangrove associations for the study by gaining access off 

bund walls and earthen fill, reducing environmental damage to nil while 

providing access for heavy machinery. 

Four suitable sites where found, the location and physical characteristics of each 

are summarised below and are illustrated within Figure 3.2.2. 

Bayview Haven 1 
(12°24' 120" S. 130081  '380" N) 

Located in the upper reaches of Sadgroves Creek and on the edge of the 

Bayview Haven real-estate development, this site was characterised by two 

dominant mangrove associations, R. stylosa/Campostemon schultzii closed-

forest/open forest and C. tagal low closed-forest/open forest (Brocklehurst and 

Edmeades (1996a). The major species present where R. sty/osa, C. schultzii, 

C.tagal, B. exaristata, Bruguiera parvif/ora and A. marina. This site experienced 

inundation twice daily during tides between 4.5 m and 6.5 m (DTD). 

Bayview Haven 2 
(12°26'310"S, 13051'400" N) 

This site was located in the same vicinity as Bayview Haven 1, between 

Sadgroves Creek and the Bayview Haven real-estate development. It contained 

several mangrove associations and extended over a large tidal range, 4 m to 8 

m (DID). Associations identified included S. a/ba woodland, R. 

sty/osa/Campostemon schultzii closed-forest/open forest, C. tagal low closed-

forest, C. tagal/A. marina low closed forest, and Mixed species low closed-forests 

(Brocklehurst and Edmeades, 19960). The major species present where R. stylosa, 

C. tagal, B. exaristata, B. parviflora, A. marina and S. a/ba. 
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Darwin Port 1 
(12°29'030" S. 130053450  N) 

Positioned on the seaward side of the new Darwin East Arm Port Development, 

this site consisted of S. a/ba woodland and R. sty/osa/Campostemon schultzii 

closed-forest/open forest (Brocklehurst and Edmeades, 1996a), It was located in 

the lower tidal zone with tides inundating the site between 3.5 m and 5 m (DTD). 

Four species were identified S. a/ba, R. sty/osa, A. marina and Aegiceras 

cornicu/atum. 

Darwin Port 2 
(12°28'420" S, 130053490  N) 

This site was located within the mangrove hinterland fringe adjacent to Northern 

Cement on East Arm. The site was dominated by one association Mixed species 

low closed-forests (Brocklehurst and Edmeades, 1995a) and was subjected to 

inundation on the highest of tides between 7.5 m and 8 m (DTD). Numerous 

species where present including C. taga/, A. marina and L. racemosa, 
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Figure 3.2.2: Landsat TM image of Darwin Harbour. Biomass sampling sites are indicated as white squares bordered in black. Four sites were chosen, Bayview 
Haven 1 and 2 and Darwin Port 1 and 2. 
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3.2.3 Tree Selection 

Trees representing the four chosen species that appeared to be in good health 

and within the reach of an excavator were selected from within each of the four 

sampling sites. DBH measurements were then recorded for each tree. Both 

single and multi-stemmed trees were measured, with the stems of each multi-

stemmed tree being treated individually as per Clough et al. (1997). DBH was 

recorded at approximately 1.3 m above the substrate for each stem, or in the 

case of R. sty/osa, above the highest prop-root when it rose from the stem at a 

height over 1.3 m. Each stem was then tagged with an identification number. 

Basal Diameter (BD) was recorded for each of the selected trees at a point 10 

cm above the substrate for A. marina, above the buttress roots of C. toga! and 

B. exaristata, and at the fop of the highest prop root for R. sty/osa. 

3.2.4 Above Ground Biomass 

The tree processing methodologies developed by Cl ough and Scott (1989), and 

Clough et al. (1997) for above ground mangrove biomass were used. 

For the smaller trees with a single stem (A. marina, C. toga! and B. exaristata) the 

stem of each tree was first cut with a chainsaw, level with the surrounding 

substrate. For multi-stemmed trees (A. marina and B. exaristata) stems were cut 

at the intersection with the common stem, the portions above this cut were 

treated as single trees for processing and the common stem was treated 

individually. After separating the above ground portion from the ground it was 

transported to a processing area where it was placed onto large traps. 

For larger trees the arm of an excavator was used as a crane to secure the stem 

before it was cut at substrate level for single stem trees or where the stem met 

the common stem for multi stemmed trees (A. marina and B. exaristata). The 

excavator was then used to transport the above ground portions to the 

processing area where it was placed on traps and cut into manageable pieces 

(Figure 3.2.3). 

QS 
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Figure 3.2.3: A excavator was used as a crane to transport the above ground biomass 
sections of large trees to the process area. In this photo a large A. marina is being 
removed. 

R. sty/osa trees were processed as outlined above, however, before the above 

ground portion was removed a zip-tie was placed on every prop root where it 

entered the surrounding substrate. Each prop root was then cut level with the 

zip-tie and removed for processing as above ground root. 
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Once on the tarps, within the processing area trees were divided into their 

separate portions leaf, branch, stem, above ground root (Buttress material for B. 

exaristata and C. togal and prop roots for R. sty/osa) common stem and 

common above ground root. Figures 3.2.3 and 3.2.4 illustrate single stem and 

multi stem tree dissection. 

C. tagal A. marina 

I 

I 1)1111 a, 3m 

77 : - - 

below g,,.und t,•,oioass t,,lt,w glo,II,,l h,,,iiiass 

Figure 3.2.4: Sketch drawings of C .tagal and A. marina Indicating biomass portions. Leaf 
biomass consisted of only the leaf blade and petlole. Branch biomass Included all twig 
material and was separated from the stem at the poInt of Its fIrst dIvision. Stem biomass 
Included that section below the branch and above the above ground root. Above ground 
root biomass consisted of buttress roots for C. tagal. Pneumatophores were Included as 
below ground biomass for A. marina. 

R. stylosa B. exaristata 

I \ h rail, 

bract 

t,tluw grliiiiil t,rI.,ass 
I,d,,w grsii:isI l,rijiitass 

Figure 3.2.5: Sketch drawings of R. stylosa and B. exarisfata Indicating biomass portions. 
Leaf biomass consisted of only the leaf blade and petlole. Branch biomass Included all 
twig material and was separated from the stem at the point of its first division. Stem 
biomass Included that section below the branch and above the above ground root. 
Above ground root biomass consisted of buttress and aerial roots. Knee roots were 
Included within as below ground biomass for B. exaiistafa. 
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Each portion was then weighed on site to obtain total fresh weight 

measurements using a load scale with a digital read out. Weights were 

recorded to the nearest 100 grams. A sample of each portion (approx. 1kg) 

was then placed into a calico bag to be taken back to the laboratory and 

oven-dried at 70 - 800C to calculate the fresh-weight to dry-weight ratio. This 

ratio was then used to calculate the total dry-weight measurements of each 

portion. For multi-stemmed trees the above ground biomass of each stem was 

calculated by partitioning a percentage of the common stem to each stem 

according to its relative diameter as per dough et al. (1997). 

3.2.5 Below Ground Biomass 

As the objective of this research project was to establish allometric relationships 

between DBH and total standing biomass, a method of below ground biomass 

extraction was required which would isolated the roofs of selected trees from 

surrounding root material and substrate. 

Shovels and other standard digging equipment would be difficult to use and 

very time consuming within the mangrove environment. Several workers have 

used high-pressure hoses and water pumps to remove free root systems for 

below ground biomass studies (Miller and Ng, 1977; Singer and Hutnik, 1965 and 

Hoffmann and Kummerow, 1978). While none of these studies were conducted 

on mangrove species the researchers found that this extraction method was 

useful in isolating the root systems of selected trees. 

Pilot Test 

In order to test whether this extraction method would be appropriate for the 

purposes of this research a pilot test was conducted. Based on the 

recommendations made by Miller and Edward (1977) an excavator was used to 

dig a trench adjacent to a number of trees selected for the pilot test to allow 

"suitable drainage away from the root washing site and keep the root system 

exposed allowing for easier extraction" (Miller and Edward, 1977). 

51 



'. 
.,p,, .- • 

VP- —: 

•A 

Project 1 - Method 

High-pressure wafer pumps and hoses were then used to remove mud from 

around the base of each tree. Trees selected were relatively isolated from 

surrounding vegetation in order to reduce the amount of neighbouring free root 

intrusion. An ample water supply was gained from a large water tank. 

While this method proved useful in isolating the root system of single trees, the 

entire process was very time consuming and labour-intensive. This was due to a 

number of factors. 

. When exposed, mud washed away from the roots quickly and easily, 

however, if drainage became impeded and excess water accumulated 

mud was hard to dislodge. In an effort to solve this problem small 

trenchers were cut at right angles to the major trench to increase 

drainage. Whilst this alleviated the problem to some extent a more time 

effective method was required (Figure 3.2.4). 

Figure 3.2.6: During the pilot test high pressure hoses were used to remove mud from mangrove below 
ground biomass. This proven efficient when water was allowed to drain away quickly, however, if water 
accumulated mud become very hard to access and dislodge. 
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• While the frees selected were relatively isolated the extent to which larger 

root systems spread, especially A. marina species, made it nearly 

impossible to trace every root to its ultimate destination. 

• It also became evident that the high water pressures required to remove 

the mud, destroyed roots smaller than 1 cm in diameter. 

Final Methodology 

In order to resolve these issues and still obtain a relatively confident measure of 

below ground biomass modifications were made to the root extraction 

methodology. 

• To resolve the problem of drainage root balls were extracted by an 

excavator and placed onto a large 25 mm x 25 mm sieve mesh table. 

This provided the opportunity to access the root system from all sides with 

excess mud and water draining away quickly and effectively (Figure 

3.2.7). 

• As it was very difficult to trace roots to their final destination it was 

decided that only roots occurring within a 2 m radius of selected trees 

would be sampled. The pilot test also demonstrated that for the four 

species being sampled the majority of root material was located within 

the top 1 m of the soil profile. Lauff (1977) also reported similar findings for 

A. marina noting that most roots occurred between 25 and 30 cm below 

the ground surface. Thus sampling of root material was limited to the top 

1 m of the soil profile. 

• As the high pressures involved in mud removal destroyed most roots 

under 1 cm in diameter only roots greater than this diameter were 

sampled. 

• As it was too time consuming to remove all the pneumatophores from A. 
marina and the knee roots for B. exaristata it was decided to include 

them within the below ground biomass portion. 
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Figure 3.2.7: In order to overcome difficulties encountered with drainage of wash down 
water a large 25 mm x 25 mm sieve table was constructed. The table provided access to 
the root balls of the processed trees from all sides and allowed water to drain away 
quickly. 
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Once removed from the mud and washed to remove any excess soil, roots were 

collected and taken to the processing area where they were weighted using a 

load scale with a digital read out to obtain total fresh weight. Weights were 

recorded to the nearest 100 grams. Representative sub samples (approx. 1kg) 

were placed info calico bags before being weighted to obtain sub-sample fresh 

weights. These samples were then taken back to the lab and oven dried at 700C 

to 800C  until they reached a constant weight. Fresh weight to dry weigh ratios 

were then calculated and used to obtain total dry weight estimates of the 

below ground biomass. 

For multi-stemmed trees (A. marina and B. exaristata) below ground biomass was 

calculated by partitioning a percentage of the common below ground portion 

to each stem according to its relative diameter at breast height. 

3.2.6 Total Tree Biomass 

The below and above ground biomass results where combined to test if an 

allometric relationship existed between total free biomass and DBH for the four 

mangrove species. 
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3.3 RESULTS 

331 Onsite Measurements 

In total 51 stems were selected for the study, all of which were processed for 

above ground biomass including, leaf, branch stem and above ground root 

portions. Unfortunately due to time constraints only 38 stems were processed 

for below ground biomass. 

Full onsite measurements containing the number of trees sampled, site 

locations, DBH recordings and total fresh weight measurements for each 

portion of each tree sampled are included within the Tables 1 -4, Appendix A. 

The following sections and Tables 3.3.1 - 3.3.4 contain a summary of the dry 

weight measurements. 

It should be noted that the means calculated for below ground biomass and 

total biomass have been calculated from a different number of stems than 

those calculated for above ground portions. This is due to a smaller number of 

stems being processed for below ground biomass. Mean percents have been 

obtained from stems with complete biomass portions. 

Avicennia marina 

In total 22 stems from 11 trees (8 multi and 3 single stemmed) were sampled 

and processed. Above ground biomass wet weights were obtained for all 22 

stems while below ground biomass weights were recorded for 14 stems.**  The 
DBH range for A. marina was the largest of the four species sampled 

extending from 1.1 cm to 39.0 cm. Mean DBH was 9.5 cm. Total biomass 

ranged from 3.7 kg to 1153.7 kg. On average branch and stem biomass 

contributed most significantly to above ground biomass, recording a similar 

mean percent of total tree biomass with 21% and 20% respectively. Leaf 

biomass ranged from 0.16 to 21.7 kg, contributing approximately 6.8% of total 

biomass. Below ground biomass was equivalent to above ground biomass 

equal to on average 50% of total biomass. 

45Z 
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Table 3.3.1: Wet weight recordings for A. marina, results include DBH and biomass portion ranges, 
means and mean percentages for each biomass portion. 

Avicennia marina Wet Weight  

DBH Leaf Branch Stem AG Root AG BG Total 
(cm) Biomass Biomass** Biomass" 

Range (kg) 
1.10 0.16 019 0.19 * 0.89 1•77** 3.65** 

39.00 21.70 643.00 220.00 * 884.70 269.03** 1 ]5373** 

Mean (kg) 9.45 5.73 65.83 39.10 * 110.66 39.62** 135.03** 

Mean Percent" 1 6.77%** 21.00%** ]99 ]%** * 47.68%** 52.32%" )QQ%** 

- rneumaiopnores were incivaeo as purr or oeiow grouna DIOmOsS. AS a smaller number or stems where processed 
for below ground biomass. BG Biomass and Total Biomass means and mean percents for all portions have been 
calculated for only those stems which were complete. 

Bruguiera exaristata 

Sampling was conducted on 10 stems from 8 single and 1 multi stemmed tree. 

Above ground biomass wet weights were obtained for all 10 stems while 

below ground biomass weights were recorded for 9 stems.**  DBH ranged from 

1.9 cm to 9.8 cm with a mean DBH of 5.7 cm. 

Leaf, branch and stem biomass all recorded a similar mean percent of total 

biomass, with 8.5%, 9.5% and just over 13.5% respectively. Above ground root 

biomass, which did not include the knee root portion, recorded a mean of 

1.4%. Below ground biomass ranged from 2.8 to 99.7 kg and recorded the 

largest below ground contribution to total biomass of all four species with a 

mean of 67%. 

Table 3.3.2: Wet weight recordings for B. exaristata, results Include DBH and biomass portion ranges, 
means and mean percentages for each biomass portion. 

Bruguiera exaristata Wet Weight_______  

DBH Leaf Branch Stem AG Root AG BG Total 
(cm) Biomass Biomass** Biomass" 

Range (kg) 
1.9 0.50 0.30 0.70 0.24# 1.50 2.80** 4.30** 

9.80 13.20 20.40 18.20 2.30# 49.30 99.70** 133.70** 

Mean (kg) 5.74 4.85 7.31 7.66 1.19# 20.77 45.60** 
11 

67.05** 

Mean Percent 
8.52%** 9 57%** ]37 ]%** 1.46%#** 32.93%** 67.07%** 100%** 

(%) 
'rnee roors were incivaea as pan or Delow grouna Diomass. AS a smaller number of stems where processed for 
below ground biomass. BG Biomass and Total Biomass means and mean percents for all portions have been 
calculated for only those stems which were complete. 
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Ceriops tagal 

Twelve single stemmed trees were sampled with above ground biomass wet 

weights recorded for each stem and below ground biomass weights recorded 

for 9 stems.**  Mean stem DBH was 5.6 cm and ranged from 1.7 cm to 10.8 cm. 

Stem biomass ranged from 0.7 to 34.5 kg and recorded the largest 

contribution to total biomass of all four species 29.7%. Of the four species 

sampled the mean percent recorded for below ground biomass within C. 

togal was the lowest with only 40% contributed to total biomass. The mean 

percentage recorded for leaf, however was the highest, with approximately 

12% of total biomass contributed by leaf. 

Table 3.3.3: Wet weight recordings for C. tagal, results include DBH and biomass portion ranges, means 
and mean percentages for each biomass portion. 

Cenops tagal    Wet Weight  

DBH Leaf Branch Stem AG Root AG BG Total 
(cm) Biomass Biomass** Biomass 

Range (kg) 
1.70 0.30 0.10 0.70 0.07 1.63 2.20** 517** 

10.80 10.60 24.70 34.20 11.30 80.80 26.40** 5435** 

Mean (kg) 5.61 3.58 7.18 9.42 2.09 22.26 10.10** 25.08** 

I Mean Percent" 
11.84%" 16.24%**  29.76%" 2.88%**  60.71%" 39.29%" 100%" (%)  

- - a smaller numuer or srems wnere processea br oeuow grouna olomass. bb Biomass ana loYal Biomass means 
and mean percents for all porlions have been calculated for only those stems which were complete. 

Rhizophora stylosa 

In total 7 single stems were sampled and processed. Above ground biomass 

wet weights were obtained for all 7 stems while 6 were processed for below 

ground biomass.**  DBH ranged from 3.1 cm to 13.5cm with a mean of 7.3 cm, 

Total biomass ranged from 9.1 kg to 319.2 kg. Leaf, branch and stem biomass 

all contributed similarly to total biomass recording mean percentages of 

between 10% and 12%. Total biomass ranged from 9.1 to 319.2 kg and was 

made up of an average of 55% below ground biomass and 44% above 

ground biomass. Of the four species recorded above ground root biomass 

was highest within R. sty!osa recording a mean percentage of 23% of total 
biomass. 
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Table 3.3.4: Wet weight recordings for R. slylosa, results include DBH and biomass portion ranges, 
means and mean percentages for each biomass portion. 

Rhizophora slylosa Wet Weight 

DBH Leaf Branch Stem AG Roof 
AG BG Total 

(cm) Biomass Biomass* Biomass* 

3.10 1.30 1.00 1.40 1.90 5.60 3.50*t 9.10** Range (kg) 
13.50 24.10 5050 48.00 96.29 218.89 141.30** 319.20** 

Mean (kg) 7.31 9.36 17.33 15.59 32.60 1 74.87 45.85** 122.75** 

Mean Percent' 
10.09%** 1094%** 1 ]73%** 23.08%** 55.84%** 44.16%** ]QQ%** 

(%) 
A5 a smaller numoer of stems where processed for below ground biomass. BG Biomass and Total Biomass means 

and mean percents for all portions have been calculated for only those stems which were complete. 

3.3.2 Fresh Weight to Dry Weight Ratio 

The average water contents of each portion of biomass for the four mangrove 

species sampled are expressed in Figures 3.3.1 - 3.3.4. The figures show that all 

the species sampled contained approximately the same amount of water 

within each biomass portion. The total water content for the four species 

sampled ranged from 41% 1050%. 

The leaf biomass portions sampled recorded water contents on average of 

around 60%. This is to be expected, as the soft leaf material requires water in 

the process of photosynthesis. 

Lowest water contents were observed in the stem, branch and above ground 

root portions of each species sampled with recordings of 40%, 30% and 40% 

respectively. The tissues contained within these portions of biomass are 

required for strength and support and are generally dead and very dry. This 

accounts for the high biomass to water ratios present in all the samples 

processed.The below ground portions of biomass displayed the highest water 

content with 60% recorded on average. 
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Figure 3.3.1: Water to blomass ratio of A. marina obtained when sample dry weight 
was expressed as a percentage of the wet weight sample. Above ground biomass 
n=22 while below ground and total tree n=14. 

UNULPIC vu.eu iu LJIUFTIU35 lunu ur D. exur.iuiu ooiuineu wnen sampue ary weugn 
was expressed as a percentage of the wet weight sample. Above ground blomass 
n=1O while below ground and total tree n=9. 
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Figure 3.3.3: Water to biomass ratio of C. to gal obtained when sample dry weight 
was expressed as a percentage of the wet weight sample. Above ground biomass 
n=12 while below ground and total tree n=9. 

IuuI vwu.vi uu UIUIIIUZ3  .u..v UI K. 31YIU3U uuiuuieu wuen 5UMPIU ury weugrn 
was expressed as a percentage of the wet weight sample. Above ground biomass 
n=7 stems while below ground and total tree n=6. 
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3.33 Dry Weight Measurements 

Full results showing dry weight calculations are included within the Tables 5 - 8, 

Appendix A. Table 3.3.5 - 3.3.8 below contain a summary of the dry weight 

calculations after the wet/dry ratios were applied to the wet weight 

recordings. The tables include the means, ranges and mean percentages 

calculated for each biomass portion and DBH for each species. 

Avicennia marina 

Generally due to the large DBH range recorded for A. marina, mean biomass 

portion dry weights were much higher than those recorded within the other 

species sampled. Leaf biomass ranged from 0.08 to 9.53 kg with a mean of 

2.39 kg and accounted for 5.6% of total tree biomass. Branch biomass ranged 

from 0.14 to 404.77 kg with a mean of 41.6 kg, which was the highest mean 

branch biomass, recorded for all four species sampled. Stem biomass had a 

much small range 0.11 to 145.6 kg and recorded a lower mean biomass, 25 

kg. While the ranges and means for branch and stem biomass differed they 

recorded similar mean percent contributions with 22.9% and 23.5% 

respectively. Above and below ground biomass on average contributed 

equally to total biomass with recordings of 52% and 48% respectively. Mean 

above ground biomass was calculated to be approximately 70 kg which was 

substantially higher than that recorded for the other species sampled. 

Table 3.3.5: Dry weight recordings for A. marina, results include DBH and biomass portion ranges, 
means and mean percentages for each species. 

Avicennia manna    Dry Weight  

DBH Leaf Branch Stem AG Root 
AG BG Total 

(cm) Biomass Biomass** Biomass** 

Range (kg) 
1.10 0.08 014 0.11 * 0.48 0.75** 1 .23** 

39.00 9.53 404.77 145.59 * 559.88 143.82** 702.70** 

Mean (kg) 9.45 2.39 41.61 25.33 * 69.33 
11 

19.88** 78.90** 

I Mean Percent' 
(%) 5.66% 23.90% 22.49% * 52.05% 4795%** ]QQ%** 

-rneumatopnores were Induced as part or below ground biomass. As a smaller number of stems where processed 
for below ground biomass. BG Biomass and Total Biomass means and mean percents for all portions have been 
calculated for only those stems which were complete. 
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Bruguiera exaristata 

Leaf biomass ranged from 0.23 to 5.10 kg with a mean of 1.77 kg and 

accounted for 7.04% of total tree biomass. The biomass range for branch and 

stem portions was similar extending form 0.17 to 14.5 kg. Mean branch 

biomass was calculated to be 4.6 kg and for stem biomass 5.5 kg. Stem 

biomass contributed most to total tree biomass recording a mean percent of 

just below 22%. Below ground biomass recorded a mean percent contribution 

of approximately 57% to total tree biomass. This was the largest recorded 

below ground biomass contribution of all four species sampled. 

Table 3.3.6: Dry weight recordings for S. exa,istata, results include DBH and biomass portion ranges, 
means and mean percentages for each species. 

Bruguiera exansfata  Dry Weight  

DBH Leaf Branch Stem AG Roof AG BG Total 
(cm) Biomass Biomass Biomass** 

1.90 0.23 0.17 0.47 0.13# 0.90 0.95** 1.85** Range (kg) 
9.80 5.10 14.51 12.92 1.21# 29.09 36.36** 60.05** 

Mean (kg) 5.74 1.77 4.62 5.50 0.64# 12.45 17.73** 30.69** 

Mean Percent" 
7.04%" 13.05%** 21.12%"  2.16%#**  43.13%"  56.87%** 100%** 

(%) 
wnee roots were uncivaea b. exansTara. rneuma10pn01es were Included as part of below ground biomass. As a 
smaller number of stems where processed for below ground biomass. BG Biomass and Total Biomass means and 
mean percents for all portions have been calculated for only those stems which were complete. 

Ceriops tagal 

Stem biomass ranged from 0.53 to 23.71 kg with a mean of 6.85 kg. Of the four 

species sample C. togal recorded the highest stem biomass mean percent 

contribution with over 40% of total biomass made up by stem portions. Leaf 

biomass ranged from 0.17 to 3.84 kg with a mean of 1.34 kg and accounted 

for 7.47% of total tree biomass. Mean branch biomass was recorded at 4.6 kg 

and ranged form 0.06 to 15.33 kg, mean percent was calculated to be 

approximately 18% of total tree biomass. The mean percent contribution 

made by below ground biomass was the lowest recorded for all four species. 

5"V 
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Table 3.3.7: Dry weight recordings for C. toga!, results include DBH and biomass portion ranges, means 
and mean percentages for each species. 

Ceriops to gal    Dry Weight  

DBH Leaf Branch Stem AG Root AG BG Total 
(cm)  Biomass Biomass** Biomass * 
170 0.17 0.06 0.53 0.05 1.07 1.07 2.97** Range (kg) 
10.80 3.84 15.33 23.71 7.78 50.67 10.59** 28.93** 

Mean (kg) 5.61 1.34 4.63 6.85 1.41 14.23 4.42** 14.23** 

Mean Percent' 747%** 18.34%** 40.48%** 347%**  69.77%** 30.23%** 100%** 
(%) 

-rneumuTopnores were inciuoea as pan or oeuow grouna biomass. AS a smaller number of stems where processed 
for below ground biomass. BG Biomass and Total Biomass means and mean percents for all portions have been 
calculated for only those stems which were complete. 

Rhizophora stylosa 

Leaf biomass ranged from 0.55 to 10.21 with a mean of 7.31 kg. Of the four 

species recorded leaf mean percent contribution was highest within R. stylosa 

and was estimated at 9.4% of total biomass. Above ground root biomass was 

also highest within R. stylosa ranging from 0.87 to 53.29 kg. A mean above 

ground root biomass of 16.7 kg was recorded with above ground root biomass 

contributing approximately 25% of total tree biomass. Stem biomass ranged 

from 0.89 to 35.56 kg with a mean of 11.35 kg. Above and below ground 

mean percentage contributions were very similar to those within C. tagal. 

Table 3.3.8: Dry weight recordings for R. stylosa, results Include DBH and biomass portion ranges, 
means and mean percentages for each species. 

Rhizophora stylosa    Dry WeIght  

DBH Leaf Branch Stem AG Root AG BG Total 
(cm)  Biomass Biomass Biomass** 

Range (kg) 
3.10 0.55 0.56 0.89 0.87 2.87 1.27** 4.14** 
13.50 10.21 30.87 35.56 53.29 129.21 40.98** 151.16** 

Mean (kg) 7.31 3.77 10.56 11.35 16.67 42.36 13.50** 56.66** 

Mean Percent 937%** 14.52%** 1934%** 24.82%** 68.05%** 31 95%** 100%** 

rimumumpmwes were inciuueu 05 purr or oeiow grouna olomass. AS a smaller numoer of stems where processed 
for below ground biomass. BG Biomass and Total Biomass means and mean percents for all portions have been 
calculated for only those stems which were complete. 
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In order to illustrate the contribution made by each biomass portion to tree 

biomass, % of tree biomass was graphed against DBH from each biomass 

portion for the four species sampled. Logarithmic trend lines were then 

applied to the data. Refer Figures 3.3.5 to 3.3.8. 
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Figure 3.3.5: DBH graphed against the percentage that each biomass portion represented 
of total tree biomass for A. manna. Biomass portion percentage is based on dry weight 
calculations 
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Figure 3.3.6: DBH graphed against the percentage that each biomass portion represented 
of total tree biomass for B. exanstata. Biomass portion percentage is based on dry weight 
calculations. 
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Figure 3.3.7: DBH graphed against the percentage that each biomass portion represented of total 
tree biomass for C. tagal. Biomass portion percentage Is based on dry weight calculations. 
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Figure 3.3.8: DBH graphed against the percentage that each biomass portion represented 
of total tree biomass for R. stylosa. Biomass portion percentage is based on dry weight 
calculations. 

While the contribution of each biomass portion to tree biomass varied 

between species some similarities were apparent. Leaf biomass accounted 

for the lowest proportion of tree biomass within all species sampled, 

contributing on average approximately 7.5%. The percentage of leaf biomass 
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remained relatively constant over the entire sample range for each species 

with a slight trend of decreasing percentage with increasing DBH. 

Branch portion biomass was also quite similar between species, averaging 

approximately 17% of tree biomass. Highest branch portion biomass was 

recorded in A. marina accounting for approximately 23% of total tree biomass. 

On average stem portion biomass accounted for approximately 26% of total 

tree biomass. Stem biomass tended to decrease as DBH increased within B. 

exoristato, C. toga! and R. sty/oso, however this trend was reversed within A. 

marina. While C. togal recorded the highest stem portion biomass, 

contributing up to 50% of total tree biomass during early growth stages, it 

experienced the steepest downward trend with only 35% being contributed 

towards the upper range of the recorded DBH values. The loss in stem 

contribution was made up for by an increase in the contribution of branch 

portion biomass. 

As expected the proportion of above ground root (ABR) biomass was high 

within R. sty/oso where approximately 25% of total tree biomass was 

contributed by the above ground root. This accounted for the largest 

percentage of above ground biomass recorded within the four species 

sampled. As DBH increased above ground root biomass also increased. 

Below ground portion biomass contributed approximately 40% to each trees 

total biomass and was greatest within B. exoristata where the contribution 

made by below ground biomass was over 55% of total tree biomass. 

3.3.4 Linear Relationships 

Linear relationships were obtained when dry-weight tree component part 

biomass was plotted against DBH measurements, for all four species sampled. 

Both Logo and Loge transformations were used so as comparisons could be 

made with work conducted by other researchers. Least-square lines of best fit 

were described as: 

Logio (W)= CO + Cl x logio DBH 

Loge (W) = CO + Cl x loge DBH 
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where CO and Cl are constants and W is equal to dry weight. Logio and Loge 

linear relationships for each species are illustrated within Figures 3.3.9 - 3.3.16. 

Avicennia marina 

Relationships for A. marina were calculated by combining biomass portions for 

both single and multi stemmed trees. In total 22 stems were used for the 

calculation of leaf, branch, stem, above ground root and above ground 

biomass portions while 14 stems were used for below ground and total 

biomass portions. The reason for the difference in stem totals was that below 

ground biomass was not processed for all stems due to time constraints. Tree 

DBH ranged from 1.1 to 39.0 cm. The regressions calculated recorded r2  values 

greater than 0.798 for all biomass portions. Below ground biomass had the 

poorest relationship which may be due to the practical difficulties 

experienced during root extraction. Figure 3.3.9 and Figure 3.3.10 illustrate 

loge and logio relationships respectively. 

Bruguiera exaristafa 

Regressions calculated showed r2  values for all biomass portions greater than 

0.87, with the exception of above ground root, which had an r2  of 0.7305. In 

total 10 trees were used for regression calculations for leaf, branch, stem, 

above ground root and above ground biomass portions, while 9 trees were 

used for below ground biomass and tree biomass calculations. Differences in 

stem totals can be attributed to fewer trees being processed for below 

ground biomass due to time constraints. Tree diameters at breast height 

ranged from 1.9 to 9.8 cm. Both loge and logio relationships are expressed in 

Figures 3.3.11 and 3.3.12. 

Ceriops tagal 

r2  values for all biomass portions were greater than 0.8364, with the exception 

of above ground root, which had the poorest r2  of all regressions calculated 

with only a 0.5693 correlation. Once combined in above ground and tree 

biomass the regression results were much tighter with r2  values of 0.969 and 

0.9406 respectively. Stem diameters at breast height ranged from a minimum 

of 1.7 to a maximum of 10.3. A total of 12 trees were processed to calculate 
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the regressions for leaf, branch, stem, above ground root and above ground 

biomass. Due to time constraints, however, only 9 trees were processed for 

below ground and tree biomass regressions. Loge and logio regressions are 

illustrated in Figures 3.3.13 and 3.3.1 4 respectively. 

Rhizophora stylosa 

On average the correlation coefficients calculated for R. stylosa were higher 

than those recorded for other species. In total 7 stems were processed and 

used to calculate the regressions for above ground biomass portions and 6 

were processed for below ground and total biomass portions. r2  values for all 

biomass portions were greater than 0.91 with above ground biomass having 

the best relationship with an r2  of 0.9959. Diameters at breast height ranged 

from 3 to 13.5 cm, Both loge and logio relationships are expressed in Figures 

3.3.15 and 3.3.1 6 respectively. 
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Figure 3.3.9: Loge relationships between DBH and biomass portion dry weight of A. 
marina. Pneumatophores were included as part of below ground biomass. Above 
ground biomass regressions have been obtained from 22 stems while below ground and 
total hee regressions have been calculated from M stems. Both multi and single stems 
are included. 
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Figure 3.3.10: Logio relationships between DBH and biomass portion dry weight of A. 
marina. Pneumatophores were Included as part of below ground biomass. Above 
ground biomass regressions have been obtained from 22 stems while below ground and 
total tree regressions have been calculated from 14 stems. Both multi and single stems 
are Included. 
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Figure 3.3.11: Loge relationships between DBH and biomass portion dry weight of B. 
exanstata. Knee roots were included as part of below ground biomass. Above ground 
biomass regressions have been obtained from 10 stems while below ground and total 
tree regressions have been calculated from 9 stems. Both multi and single stems are 
Included. 
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Figure 3.3.12: Logio relationships between DBH and biomass portion dry weight of B. 
exansfata. Pneumatophores were included as part of below ground biomass. Above 
ground biomass regressions have been obtained from 10 stems while below ground and 
total tree regressions have been calculated from 9 stems. Both multi and single stems 
are Included. 
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Figure 3.3.13: Loge, relationships between DBII and blomass portion dry weight of C. 
togal. Above ground biomass regressions have been obtained from 12 stems while 
below ground and total tree regressions have been calculated from 9 stems. 
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Figure 3.3.14: Logio relationships between DBH and biomass portion dry weight of C. 
tagal. Above ground biomass regressions have been obtained from 12 stems while 
below ground and total tree regressions have been calculated from 9 stems. 
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Figure 3.3.15: Loge relationships between DBH and biomass poition dry weight of R. 
stylosa. Regressions have been obtained from 7 single stem trees for above ground 
biomass portions while six stems were processed for below and total biomass. 
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Figure 3.3.16: Log, relationships between DBH and biomass portion dry weight of R. 
stylosa. Regressions have been obtained from 7 sIngle stem trees for above ground 
biomass portions while six stems were processed for below and total biomass. 
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On average the regressions calculated between DBH and biomass portions for 

all four species showed tight relationships. Strongest regressions for all biomass 

portions with the exception of stem biomass were recorded within R. sty!osa 

where the poorest r2  of 0.9154 was shown, for below ground biomass. C. togal 

demonstrated the greatest correlation between stem portion biomass and 

DBH with an r2  value of 0.979. 

The poorest r2  value recorded for all regression calculated was observed 

between above ground root biomass and DBH within C. tagaL The regression 

between below ground biomass and DBH within A. marina was also poorer 

than those reported within the other species sampled. 

Standard and mean square errors were low for all species across the biomass 

portions sampled. Greatest errors were observed for above ground root within 

C. togal where the relationship between variables were less tight. 

The regression coefficients CO and C land r2 obtained for loge relationships are 

expressed in Table 3.3.9 those for the logio relationships have been presented 

within Appendix B. The fables also contain standard errors and mean square 

errors, which were obtained after performing analysis of variance tests on the 

regressions calculated for each biomass portion for each species. (refer 

Appendix C for ANOVA results) 
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Table 3.3.9: Coefficients of log,, allometric relationships between DBI1 and biomass of tree portions 
(leaf, branch, stem, above ground root, above ground biomass, below ground biomass and Total tree 
biomass) of the species A. marina. B. exaristata, C. tagal and R. stylosa. Standard and Mean Square 
errors have also been calculated via ANOVA. 

loge Allometric Regressions  

Spedes  Con-ponent (kg) CO Cl r2 SE Mean Square 
Avicennia nrina n=22 Leaf -2.3979 1.3783 0.8879 0.4674 0.218463 

1.1-39.0cm Branch -2.7935 2.4287 0.9399 0.586205 0.343636 
Stem -1.7826 2.0300 0.9418 0.481805 0.232136 
Above Ground Root 
Above Ground Bonss -1.176 2.1131 0.9713 0.346678 0.120186 

n=14 Below Ground Bioiiss 0.2443 1.1709 0.798 0.617074 0.380781 
1.1-39.0 cm Tree Bionss 0.4091 1.5945 0.9416 0.416023 0.173075 

Spedes Conponent (kg) CO Cl r2 SE Mean Square 
Bruguiera exaristata n = 10 Leaf -2.7054 1.7597 0.9316 0.301001 0.090002 

1.9-9.8cm Branch -3.65 2.6892 0.975 0.271976 0.073971 
Stem -1.9549 1.978 0.9605 0.253078 0.064048 
Above Ground Root -3.1699 1.430167 0.7304 0.482489 0.232798 
Above Ground Bionss -1 .4997 2.1563 0.9871 0.155873 0.024296 

n=9 Below Ground Bioass -1.1961 2.1495 0.8759 0.545849 0.297951 
1.9-9.8cm TreeBiorrss -0.6169 2.15 0.9422 0.359392 0.129163 

Spedes Conponent (kg) CO Cl r2 SE Mean Square 
Ceriopstagal n = 12 Leaf -2.736 1.6484 0.8364 0.406422 0.165179 

1.7-10.3cm Branch -4.0078 2.9414 0.9438 0.400193 0.160154 
Stem -1.5107 1.8911 0.979 0.154367 0.023829 
Above Ground Root -4.0697 2.2154 0.5693 1.030485 1.001899 
Above Ground Biorrss -1.1394 2.0564 0.969 0.204881 0.041976 

n=9 BeIow Ground Bion- ss -1.8427 1.9513 0.8737 0.289103 0.083581 
2.3-7.8cm TreeBiorcess -0.6529 1.9534 0.9406 0.191245 0.036575 

Spedes Conponent (kg) CO Cl r2 SE Mean Square 
Rhizophora stylosa n = 6 Leaf -2.5582 1.846 0.966 0.235136 0.055289 

3-13.5 cm Branch -3.7842 2.7761 0.9976 0.091903 0.008446 
Stem -2.4906 2.286 0.9658 0.292109 0.085328 
Above Ground Root -2.8942 2.606 0.9946 0.130049 0.017069 
Above Ground Biormss -1.6002 2.4661 0.9959 0.107215 0.011495 

n=5 Below Ground Bionss -1.3416 1.8602 0.9154 0.42179 0.177906 
3-13.5cm Tree Biomass -0.9107 2.2906 0.9903 0.168988 0.028557 
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3.35 Comparisons within Australia Mangrove Associations 

Environmental and biological variation within Australian mangroves may be so 

great as to limit the extent to which data on primary production from one 

location in Australia can be extrapolated meaningfully to another location 

(Clough & Attiwill, 1982). 

In order to assess whether the relationships calculated within this study vary 

from those calculated within other parts of northern Australia, comparisons 

were made with allometric relationships calculated by Cl ough and Scott 

(1989) and Clough et al. (1997). Comparisons were made possible by plotting 

the least square line of best fit for above ground biomass for each species 

within each study, on a log-log scale. As Clough and Scott (1989) and Cl ough 

et al. (1997) used logio transformations the logo relationships calculated within 

this study were used for comparison purposes. In order to make further 

comparisons above ground biomass was calculated for trees within regions at 

similar DBH values. 

Avicennia marina 

For A. marina the comparisons showed that while the relationship calculated 

by Clough et al. (1997) between DBH and above ground biomass for A. 
marina trees in WA were similar to those calculated within this study, 

differences were observed at the low limits of the DBH range where the least 

square lines of best fit deviated (Figure 3.3.17). This was also confirmed when 

above ground biomass was calculated at similar DBH values within each 

region (label 3.3.10). As shown a NT A. marina with a DBH of 5 cm was 

recorded to have a higher above ground biomass than that of a A. marina 

within WA. As DBH increases, however, the differences between regions is 

reduced with only 1 kg separating a tree with a DBH of 20 cm. 

This may indicate that trees in WA have slightly lower above ground biomass 

during early stages of growth but obtain larger biomass recordings once 

mature. 
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Figure 3.3.17: Comparisons between the regression lines established for above ground 
biomass for A. marina obtained for Northern Territory trees within this study, and Western 
Australian trees calculated by dough et al. (1997). 

Table 3.3.10: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for the species A. marina. Above ground biomass has been calculated based on regression 
coefficients obtained within this study for Northern Territory trees and those obtained by Clough et al. 
(1997) for Western Australian trees. 

Biomass (kg) 

DBH AmWA AmNT 

5 7 9 
10 35 40 

15 90 94 

20 174 173 

25 291 278 

MI., 
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Bruguiera spp. 

For Bruguiera trees three species were compared with exaristata in the 

Northern Territory and parvif lore and gymnorrhiza from Queensland (dough 

and Scott, 1989). Comparisons of the relationships between above ground 

biomass and DBH shows slight differences in the angles of the lines of best fit 

for each species with greater deviation observed at the upper limits of the 

DBH range (Figure 3.3.18). 
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Figure 3.3.18: Comparisons between the regression lines established for above ground biomass for 
Bruguiera spp. obtained for exarisfata in the NT within this study and parviflora and gymnorrhiza in 
Queensland by Ciough and Scoff (1989). 

in order to determine the extent of the differences observed above ground 

biomass was calculated for each species at equal DBH values (Table 3.3.11). 

The comparisons showed substantial differences between species. For 

example the above ground biomass calculated for a B. parvif lore with a DBH 

of 20 cm in north eastern Queensland was approximately 100 kg higher than 

that calculated for B. exaristata in the Northern Territory. 
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Table 3.3.11: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for 8ruguiera spp.. Above ground biomass has been calculated based on regression coefficients 
obtained within this study for exaristata In the Northern Territory and porviflora and gymnorrhiza in 
Queensland by dough and Scoff (1989). 

Biomass (kg) 

DBH Bp NE QLD Bg NE QID Be NT 

5 8 8 7 

10 44 38 32 

15 117 96 77 

20 234 186 143 

Ceriops tagal 

The relationships for C. toga! from Queensland (dough and Scott, 1989) and 

the Northern Territory showed deviations between the angles of the lines of 

best fit between regions with the intersection of both relationships observed at 

approximately 3.5cm DBH (Figure 3.3.19). 

Figure 3.3.19: ComparIsons between the regression lines established for above ground biomass for C. 
to gal obtained for Northern Territory trees within this study, and Queensland trees by dough and Scott 
(1989). 
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In order to illustrate the differences between regions at the upper and lower 

limits of the DBH range above ground biomass was calculated for trees from 

both regions at similar DBH values (Table 3.3.12) 

While standing biomass was similar for trees with small DBH values, differences 

become greater as DBH increases. For example at a DBH of 5 cm the 

difference in above ground biomass is approximately 1 kg, while at a DBH of 

20 cm the difference in above ground biomass between regions is 

approximately 55 kg. 

Table 3.3.12: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for C. tagal. Above ground biomass has been calculated based on regression coefficients obtained 
within this study for Northern Territory trees and those calculated by dough and Scott (1989) for 
Queensland trees. 

Biomass (kg) 

DBH CINEQLD CtNT 

5 8 
-- 

9 

10 41 36 

15 106 84 

20 207 152 

Rhizophora stylosa 

Comparisons between the relationships obtained for R. styiosa from the 

Northern Territory and those obtained by dough and Scott (1989) in Western 

Australia and Queensland were quite similar. The lines of best fit for Northern 

Territory and Western Australian trees in fact overlapped. The relationships 

developed for QLD deviated slightly from those calculated in the other two 

regions. This may be because Clough and Scott (1989) included Rhizophora 

apiculata within the allometric relationships calculated for Queensland. 

(Refer Figure 3.3.20). 
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Figure 3.3.20: Comparisons between the regression lines established for above ground biomass for 
R. stylosa in Northern Territory within this study, R. stylosa in Western Australia by dough et 01. (1997) 
and R. stylosa/apiculafa in Queensland, dough and Scott (1989). 

Comparative estimates of above ground biomass at equal DBH recordings 

(Table 3.3.13) show that R. stylosa trees across the top end of Australia have 

very similar above ground biomass recordings over the entire DBH range. 

Table 3.3.13: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for Rhizophora spp.. Above ground biomass has been calculated based on regression coefficients 
obtained for R. stylosa in Northern Territory within this study, R. stylosa in Western Australia by dough et 
al. (1997) and R. stylosa/apicutata In Queensland, dough and Scott (1989). 

Biomass (kg) 

DBH Its WA Rs-Ra QID Rs NT 

5 11 8 11 

10 59 51 59 

15 159 151  160 

20 319 327 324 
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33.6 Comparisons Outside Australia 

Comparisons with allometric relationships calculated within other parts of the 

world, demonstrated that the relationships obtained within this study for R. 

stylosa agree well with those for Rhizophora apiculata in Malaysia (Putz and 

Chan, 1986) and Rhizophora mangle in Mexico (Day et al., 1987). 

While the comparisons have been made between different Rhizophora 

species, they provide an insight into the growth of Rhizophora spp. within the 

Asia Pacific region. The comparisons show that the relationships for R. sty/osa 

and R. apiculata were nearly identical over the entire length of the DBH range 

(Figure 3.3.21), while the comparisons between above ground biomass and 

DBH for R. mangle (Mexico) and that or R. stylosa (NT) showed that, R. mangle 

displayed a higher biomass over the full DBH range (Figure 3.3.22). 
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Figure 3.3.21: Comparisons between the regression lines established for above ground 
biomass for R. slylosa obtained within this study for Northern Territory trees and Rhizophora 
apiculata in Malaysia by Putz and Chan (1986). 
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Figure 3.3.22: Comparisons between the regression lines established for above ground biomass for R. 
stylosa obtained within this study for Northern Territory trees and by Day et al. (1987) for Rhizophora 
mangle in Mexico. 

Differences in above ground biomass values between the three species within 

the different regions are best displayed by calculating above ground biomass 

estimates for each species at similar DBH recordings (Table 3.3.14). As can be 

seen all are quite similar, with R. mangle in Mexico obtaining the highest 

values. 

Table 3.3.14: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for Rhizophora spp.. Above ground biomass has been calculated based on regression coefficients 
obtained for R. sfylosa in Northern Territory within this study. Rhizophora apiculata In Malaysia by Putz 
and Chan (1986) and Rhizophora mangle in Mexico. Day et al. (1987). 

Biomass (kg) 

DBH Rs NT Ra Putz Rm Day 

5 11 10 12 

10 59 56 68 

15 160 156 187 

20 324 321 384 
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Comparisons were also made between the allometric relationships calculated 

by Day et al. (1987) for Avicennia germinans and those obtained within this 

study for A. marina. The comparisons show that the two species have varying 

relationships, with the two lines of best fit deviating at both the lower and 

upper limits of the DBH range (Figure 3.3.23). 
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Figure 3.3.23: Comparisons between the regression lines established for above ground 
biomass for A. moüna obtained within this study for Northern Territory trees and by Day et 01. 
(1987) for Avicennia germinans in Mexico. 

In order to determine the regional differences in above ground biomass, 

estimates were calculated at equal DBH values and have been displayed in 

Table 3.3.15. Estimates were similar at lower DBH values, however, vary at 

higher DBH values. At a DBH of 20 cm the estimates differed by 30 kg, which is 

approximately 15% of the biomass estimated for a tree of that size. 
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Table 3.3.15: Comparisons of mangrove above ground biomass calculated at equal DBH recordings 
for Avicennia spp.. Above ground biomass has been calculated based on regression coefficients 
obtained for A. marina in Northern Territory within this study and Avicennia germinans in Mexico, Day et 
al. (1987). 

- Biomass (kg) 

DBH AmNT DayAg 

5 9 8 
10 40 41 
15 94 105 

20 173 203 

Fv~ 
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3.4 DISCUSSION 

3.4.1 Water Content 

The below ground portions of biomass displayed the highest water confenf with 

60% recorded on average. The root structures of all four species sampled were 

very soft and sponge like containing a high surface to air ratio with a large 

number of voids and air spaces. It is possible that these root structures have 

been adapted to provide trees with the ability to absorb oxygen quickly and 

store it during periods of inundation. 

Unfortunately the sponge like root materials were very absorbent and as the root 

extraction methodology relied on the use of large quantities of water it was not 

possible to determine whether the root systems contained high water contents 

naturally or became water logged during extraction. 

3.4.2 Proportion Biomass 

The relative stability of leaf portion biomass over the entire DHB range for all four 

species suggests that once a trees canopy is established it is maintained at the 

same proportion over the entire life of the tree. 

Branch portion biomass was highest in A. marina accounting for approximately 

23% of total tree biomass. This was expected, as in comparison to the other 

species sampled A. marina has a much more branched growth form. In all 

species branch portion biomass increased with an increase in DBH, 

demonstrating that as mangroves increase in size a higher proportion of biomass 

is contributed to and stored within branch structures. This trend was also 

observed in the studies conducted by Cough et al. (1997). 

While stem biomass increased with DBH within A. marina this trend was not 

reflected in the remaining three species where stem biomass decreased as tree 

DBH increased. dough et al. (1997) also recorded a decrease in stem portion 

biomass in single-stemmed R. stylosa species in north-eastern Australia. 
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The increase in stem biomass observed within A. marina may be explained by 

the growth form of A. marina, which in comparison to the other three species 

has a much larger crown diameter to support, therefore as the tree matures a 

stronger and more extensive branch network is relied upon. 

The high proportion of above ground root biomass contained within R. stylosa 

suggests that an extensive root system is required for stability against strong 

winds and waves generated during storm events. Generally R. sty/osa is found 

more seaward than the other species studied on more unconsolidated 

anaerobic soils. 

Below ground biomass contributed approximately 30% for C. toga! and R. sty!osa 

and 50% for A. marina and B. exaristata to total tree biomass. This compares well 

with other studies; Silva et al. (1991) reported root biomass in Sepetiba Bay, Rio 

de Janeiro to account for 40.5% of total biomass and Golley et al. (1962) 

reported below ground biomass to account for 44% of the total biomass in 

Caribbean mangroves. 

Root density of the trees processed was found to be highest in the first 10 to 40 

cm below soil surface level and decreased with depth. Dahlman and Kucera 

(1965), Montaque and Day (1980) and Silva et al. (1991), also report similar 

observations, with Silva et al. (1991), citing that highest root biomass values are 

found in the top sediment layers due to higher aeration in comparison with lower 

layers. 

Within A. marina below ground biomass fell steeply as DBH increased. When 

interpreting this data it should be noted that due to difficulties with root 

extraction, below ground biomass estimates were limited to roots greater than 2 

cm in diameter that occurred within a 2 m radius of the base of each tree and 

thus both below ground biomass and total tree biomass have been 

underestimated. Briggs (1977) recorded a similar distribution of total tree 

biomass in A. marina in New South Wales with approximately 50% of biomass 

being contributed by the below ground portion. Briggs (1997) also included 

pneumatophores as part of below ground biomass. 
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The percentage distribution of biomass within R. stylosa was also compared with 

research conducted by Silva et al. (1991) in mangrove forests in Rio de Janeiro. 

While the majority of portion biomass distributions are similar between studies 

large differences were observed between leaf and stem portions. Leaf biomass 

in Rio de Janeiro was 1/2  that observed in the NT while stem biomass was greater 

in Rio de Janeiro than that observed within the NT (Table 3.4.1). 

Table 3.4.1: Comparisons of percentage distribution of component part biomass within R. mangle 
associations in Rio de Janeiro reported by Silva et al. (1991) and for R. slylosa obtained within this study. 
Biomass distribution was similar for most trees portions with the exception of leaf and stem. 

% of Total Biomass 
Component Silva., C. et al (1991) 

Rhizophora mangle 
This study 

Rhizophora slylosa 
Leaf 5.24 % 9.37 % 

Branch 15.80% 14.52% 
Stem 38.46% 19.34% 
Above ground prop roof 20.51 % 24.82 % 
Total above ground 80.01 % 68.05 % 
Below ground 19.99% 31.95% 

3.4.3 Allometric Relationships 

The results of the analysis conducted within the study show that allometric 

relationships between DBH and portion biomass, below ground biomass, above 

ground biomass and total tree biomass exist for the mangrove species A. 

marina, B. exaristata, C. taga! and R. stylosa within the mangrove associations of 

Darwin Harbour. 

The relationships established between total tree biomass and DBH for the four 

species are the first that include an estimate of the below ground biomass 

portion of mangrove biomass over a significant DBH range. Both logio and loge 

relationships have been calculated as both transformations are widely used by 

researchers to estimate biomass. 

The poor r2  recorded within C. tagal can be attributed to the fact that the 

buttress structures of some trees had caused soil to accumulate around the tree 

base. This made it difficult to delineate below ground biomass and above 

ground root biomass portions. 
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Of the relationships obtained between DBH and below ground biomass, A. 

marina had the poorest relationship and was most likely due to difficulties 

experienced during root extraction. Of the four species studied A. marina had 

the most expansive root system and as a consequence of limiting below ground 

biomass estimates to a 2 m radius around each trees A. marina relationships 

were impacted most. 

The similarity in the comparative estimates for above ground biomass for A. 

marina, C. tagal and R. sty/osa from this study with those obtained by other 

researchers within Australia (dough and Scott, 1989) and Clough et aL, 1997), 

suggest that it may be possible to utilised the allometric relationships obtained 

within this study for below ground biomass and total tree biomass within other 

parts of tropical Australia. 

Comparisons made between Bruguiera species indicate significant differences 

between the above ground biomass of each species at equal DBH values. As 

relationships for similar Bruguiera spp. were not available between regions this 

study has been unable to determine whether the differences are a result of 

regional impacts or differences in the growth forms between species. 

The results of comparisons between allometric relationships calculated for 

Rhizophora spp. within other parts of the world; Mexico and Malaysia, also 

showed that the allometric relationships obtained within this study are similar to 

those calculated elsewhere. The similarity in the estimates shows that it may be 

possible to apply relationships calculated for below ground and total tree 

biomass calculated within this study to Rhizophora spp. found within other parts 

of the world, thus, allowing estimates of mangrove productivity to be produced 

without the need for time consuming and labour intensive tree harvesting. 

The differences in the above ground biomass comparisons obtained for both 

Mexico and Northern Territory Avicennia spp., however, indicate that it may not 

be possible to apply the allometric relationships calculated for other biomass 

portions in this study within Mexican Avicennia mangrove forests. 
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40 PROJECT 2 

41 The calculation of mangrove standing biomass 

within Darwin Harbour. 

Standing biomass can be defined as the total amount of organic matter 

accumulated per unit area at a specified time (Newbould, 1967). While not itself 

a direct measure of the rate of primary production, as it is only a single measure 

of the amount of material with an ecosystem at a given time, biomass or 

standing stock is often used as the basis for making comparisons of potential 

productivity (Cl ough and Attiwill, 1982). Madgwick (1973), Whittaker and Marks 

(1975), and Attiwill (1979) along with others have used biomass as an estimate of 

primary production in temperate forest systems. Hutchings and Saenger (1987), 

reported that the above ground biomass of mangrove associations can range 

from 5.4 to 18.4 kg/m2. The higher values within this range have been found to 

be equivalent in both temperate and tropical forests (Tomlinson, 1986). 

Standing biomass can be estimated by calculating the total dry weight of the 

organic material within a tree, community or ecosystem. Standing biomass for a 

single tree can be calculated relatively easily and involves the removal of the 

tree from its substrate before drying and weighing (See Section 3.2.4). Estimating 

the standing biomass of a vegetation community or entire ecosystem, however, 

would be neither practical nor ethical, as if would involve the destruction of the 

entire vegetation community. 

To over come this problem non-destructive methods of obtained mangrove 

biomass have been developed. (Aksornkoae, 1976; Amarasinghe and 

Balasubramaniam, 1992; Briggs, 1977; Clough and Scott, 1989; Clough et al. 

1997; Causton, 1985; Day et al. 1987; Ong et al. 1985; Putz and Chan, 1986; Silva 

et al. 1991; and Whittaker and Merts, 1975). 

By utilising allometric relationships between mangrove tree biomass and DBH, 

estimates of tree biomass can be obtained from easily collected measurements 

of tree Diameter. By applying these relationships to the trees within a 
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representative area of known proportions within a mangrove association it is 

possible to obtain an estimate of that associations standing biomass. 

The success and accuracy of standing biomass estimates obtained through the 

use of allometric relationships is dependent on a number of factors. First it is 

necessary to source appropriate allometric relationships for the species 

represented within the mangrove association for which the estimate is to be 

calculated. Accurate DBH recordings are then required from a representative 

sample of trees over a known area and finally replication of sample sites is 

required to reduce environmental variables. 

The objective of this project was to obtain an estimate of the standing biomass 

of the mangrove resources within Darwin Harbour by; 

• obtaining per heclare standing biomass estimates for each of the 

mangrove associations within Darwin Harbour; 

• utilizing the per hectare estimates to obtain the standing biomass of 

each mangrove association within Darwin Harbour; and 

• finally uses the standing biomass estimates to obtain an estimate of total 

harbour standing biomass. 
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4.2 METHODS 

4.2.1 Mangrove Community Selection 

As logistical and budget constraints limited the number of sample sites that 

could be established and sampled, it was decided to focus standing biomass 

calculation on those mangrove associations that contributed most to Darwin 

Harbour mangrove basal area. With reference to Section 3.2, Table 3.2.1 and 

consideration given to the four species for which allometric relationships were 

obtained within Project 1, mangrove associations 1 to 6 described by 

Brocklehurst and Edmeades (1996a) were chosen for sampling. Association 8 

was not utilised as it contained mostly S. alba for which no allometric 

relationships were obtained and Associations 7, 9 and 10 were excluded due to 

their relative low occurrence within the harbour, 

4.2.2 Sample Site Selection 

After interpretation of the Darwin Harbour mangrove distribution map complied 

by Brocklehurst and Edmeades (1996a), to ensure that transects would dissect 

the required mangrove associations and with consideration given to access, 

and sampling times, seven transects from around the harbour were chosen for 

further investigation. To ensure the entire harbour was represented transects 

were selected from within each of the harbour's major arms; East Arm, Middle 

Arm and West Arm (Figure 4.2.1). Transect locations included: 

• El - Charles Darwin National Park; 

• E2 - Elizabeth River; 

• E3 - Sadgroves Creek; 

• Ml - Middle Arm; 

• M2 and M3 - Jones Creek; and 

• Wl and W2 - West Arm. 

Transects El, E2, M2 and M3 were accessed by road, while Ml, Wl and W2 were 

reached by boat. All transects were located within undisturbed areas and away 

from any foreseeable developments. Unfortunately, due to the lack of road 
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Project 2-Methods 

Table 4.2.1: Community Plot Site Replication. Plot sites were established within the major mangrove 
associations of Darwin Harbour. In order to ensure environmental variations were taken it consideration 
sites within the some associations were replicated around the harbour. 

Community Replicate Sample Sites 

1 Shoreline Forest - Rhizophora stylosa closed El - East Arm 1 
forest/low closed forest Ml - Middle Arm 1 

Wi -West Arm 1 

2 Tidal Creek - Rhizophora stylosa/Camptostemon El - East Arm 1 
schultzii Closed- forest M2 - Middle Arm 2 

M3 - Middle Arm 3 

Wi-West Arm 1 

W2 - West Arm 2 

3 Transition - Rhizophora/Bruguiera/Ceriops closed- M2 - Middle Arm 2 
forest/open-forest M3 - Middle Arm 3 

4 Mid Tidal Flat - Ceriops togal low closed-forest El - East Arm 1 

M2 - Middle Arm 2 
M3 - Middle Arm 3 

Wi - West Arm 1 

5 High Tidal Flat - Ceriops tagal/Avicennia marina low El - East Arm 1 
closed forest [2 - East Arm 2 

Mi - Middle Arm 1 

6 Hinterland - Mixed species low closed forest/open Mi - Middle Arm 1 
forest M3 - Middle Arm 3 

Wi - West Arm i 

W2 - West Arm 2 

El - East Arm 1 

Transect lines and sample sites were selected "in consultation with Metcalf", who 

utilised the sites to measure leaf litter production rates (K. Metcalf, 1999). This 

provided the opportunity to obtain both leaf litter production and biomass 

production within the same sites within a similar time period. 

The sites also form part of the Darwin Harbour Mangrove Monitoring Network 

and have been, or are currently, being used for other research projects (These 

projects have been outlined previously within Section 1.5.2). By concentrating 

the various research projects within the same sites or within close proximity it has 

been possible to exchange data, combine resources and avoid duplication. 
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The location of each sample site along each transect are presented in the 

Figures 4.2.2 - 4.2.7. Sites are denoted as white squares surrounded by a black 

outline. 
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Figure 4.2.2: Five sample sites were established on Transect El and 
Included E1.1-Shoreline Forest, E1.2-Tidal Creek, El.4-Mid Tidal Flat. 
El .5-High Tidal Flat and E1.6-Hlnterland. 
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Figure 4.2.3: FIve sample sites were established on Transect E2 and 
included El.l-Shoreline Forest, E1.2-Tldal Creek, El.4-Mid Tidal Flat, 
El .5-High Tidal Flat and El .6-Hinterland. 
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Figure 4.2.4: Transects M2 and M3 where located within Middle Arm. 
Transect M2 contained 3 sample sites Including M2.2-Tidal Creek, M2.3-
Transition and M2.4-High Tidal Flat. Four sites were established along 
Transect M3 Including M3.2-Tidal Creek, M3.3-Transltion, M3.4-Mld Tidal 
Flat and M3.6-Hinterland. 

Ml 
M1.1\ 

Figure 4.2.5: Transect Ml contained 3 sample sites Including Ml.l-
Shoreline Forest, Ml .5-High Tidal Flat and Ml .6-Hinterland. 
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Figure 4.2.6: Transect Wi was located within West Arm. Four sites were 
established W1.1-Shoreline Forest, W1.2-Tldal Creek, W1.4-Mid Tidal Flat 
and W 1.6- Hinterland. 

Figure 4.2.7: Two sites were established only Transect W2 and included 
W.2.2-Tidal Creek and W2.6-Hinterland. 
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4.23 Sample Site Establishment 

Sampling sites were designed to allow for the collection of a variety of 

vegetation variables. Sampling was based around three techniques: angle 

count plot; full plot; and transect sampling (these methods are described in 

greater detail below). 

Sites were designed for long term monitoring and data recording and involved 

the use of materials, which would last within a marine environment. 

Site establishment involved selecting an initial corner point, which was positioned 

in the bottom left hand corner of each plot (Figure 4.2.8). A 100 m tape was 

then run out on compass bearings to form a square 20 m x 20 m. Plots ran down 

slope, generally towards the nearest creek or shoreline. A soil corer was used to 

dig a hole in each corner of the plot and a 20 mm diameter PVC pipe 

approximately 1.5 m in length was inserted into each hole. An aluminum tag 

was attached to each corner post to allow for future site location and 

orientation. A PVC pipe of the same diameter was also used to establish a 

center post and photo point within each site. 

Corner 20m Corner 
Post 4 Post 1 

Photo Pot ./"[" 
20m . 

Centre Post 

'3 II 

Corner EI] EI1 Cornea 
Post 3 Post2 

Figure 4.2.8: Plot site detail. Within each of the major mangrove assocIations dissected by 
each transect a 20 x 20 m sample plot was established. Corner, centre and photo posts 
were PVC pipe. 
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4.2.4 Tree Selection 

Angle Basal Counts developed by Bitterlich, (1984), (1984) is a relatively quick 

and easy way to obtain vegetation data. It involves the use of an aluminum 

basal wedge, which has a selection of four basal wedge factors 1, 0.75, 0.5 and 

0.25. At the center point of each sampling site the basal wedge was used to 

count trees in a 3600  sweep that were greater than or equal to the nominated 

basal wedge factor. The basal factor was changed at each site to ensure that 

approximately 30 - 40 trees were sampled at each sample site. Recordings of 

DBH, species, height and condition were made for each tree. 

The DBH of each tree was recorded using a DBH tape. Both single and multi-

stemmed trees were measured, with the stems of each multi-stemmed tree 

being treated individually as per Clough et al. (1997). DBH was recorded at 

approximately 1.3 m above the substrate for each stem, or in the case of R. 

stylosa above the highest prop-root when it rose from the stem at a height over 

1.3 m. Only stems with DBH recordings greater than 1 cm were recorded. 

At most sites all trees of the species A. marina, B. exaristata, C. taga! and R. 

sty!osa that fell within the basal sweep were selected and tagged for 

identification purposes, using zip ties and an aluminium tag punched with a 

number between 0 and 100. At sites where more than 50 trees fell within the 

sweep, a random sample of 50 was selected and tagged. 

4.2.5 Tagged Tree Standing Biomass 

The standing biomass of the trees selected during the basal sweep for the 

species A. marina, B. exaristata, C. taga! and R. sty!osa was calculated through 

the use of allometric relationships. Allometric relationships between plant 

biomass and DBH are often described as: 

Biomass = a(DBH)b 

As found here, r2  values for such models are usually greater than 0.85 and often 

exceed 0.95. In most studies, this equation is transformed, by taking the 
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logarithms of both biomass and DBH, before being applied to the data, to give 

the linear model: 

ln(Biomass)=CO + Cl ln(DBH) 

This model can be easily fit using standard least-squares regression procedures. 

Also, it is usually the case that variability in biomass increases with DBH, violating 

an assumption required for test of significance. The logarithmic transformation 

usually corrects this problem. 

Using the log-transformed model to predict biomass, however, requires back-

transformation from the logarithmic scale to the arithmetic. The resulting 

estimates are expected to be biased unless corrected. Baskerville (1972) 

describes the problem thus: 

"When logarithmic transformation is used, it is usually desirable, indeed, 

necessary, to be able to express estimated values of Y in arithmetic (i.e. 

untransformed) units. However, the conversion of the unbiased 

logarithmic estimates of the mean and variance back to arithmetic units 

is not direct. This results from the fact that if the distribution of Ln(Y) at a 

given X is normal, then distribution of Y cannot be normal but will certainly 

be skewed. In fact, it the distribution is normal in logarithms, the solution 

... f or a given X and the determining of the antilogarithm of Ln(Y) yields 

the median of the skewed arithmetic distribution rather than the mean!" 

He adds that: 

"...a bias is inherent in this procedure because the largest values are 

compressed on the logarithmic scale and thereby tend to have less 

'leverage' than small values in making such an estimate." 

The result is that estimates made by back-transformation are usually too small 

(Baskerville, 1972; Beauchamp &Olson, 1973). Beauchamp &Olson (1973) list five, 

increasingly complicated but also more accurate, estimators of Y (biomass): (1) 

Y EST is the biased estimate obtained by back-transforming; (2) YO EST is the, also 

biased, estimate provided by Baskerville (1972); (3) Yl EST and (4) Y2 EST are 

approximations to the unbiased estimator, and (5) Y3 EST. 
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Eamus et al. (2000) reviewed the performance of these estimators for a selection 

of tropical Australian species and concluded that the bias in the second of 

these - YO EST - was often negligible in practice. This estimator was, however, 

considerably easier to calculate than numbers (3) and (4) and should suffice for 

most situations and has been used in this study. It is calculated as: 

YO EST = e(13o+131Xi+o/2) 

Here 13o and 13' are the intercepts and slope, respectively, of the linear regression 

obtained from logarithmically transformed observations, and xi is the DBH for 

which an estimate of biomass is required and is the variance obtained in the 

ANOVA tests performed in Project 1 (Appendix C). 

4.2.6 Per Hectare Standing Biomass 

Per hectare standing biomass estimates were obtained when the standing 

biomass calculated for each selected tree was multiplied by the number of 

stems that each tree represented per hectare and the results summed. The 

replicate estimates within each association were then averaged to establish 

estimates of average per hectare standing biomass. 

The number of stems that each tree represented per hectare was determined 

by subjecting the DBH recordings for each tree to the following equation 

developed by Bitterlich, (1984), (1984). 

Basal Factor 

Stem Density= stem hectare-1 

(0.0000785xDBH2) 

The results were also used to estimate the stem densities per hectare of each 

mangrove association by tally the result for each tree. Full plot counts were also 

conducted to test the validity of the stem densities estimated via the Bitterlich, 

(1984), (1984) method. This involved counting the number of stems present 

within each of the 20 m x 20 m sample plots and multiplying the results by 25. 

45, 
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4.2.7 Association Standing Biomass 

Association standing biomass estimates were obtained by multiplying the 

average per hectare standing biomass estimates by the mangrove association 

area calculated by Brocklehurst and Edmeades (1996a). 

4.2.8 Darwin Harbour Standing Biomass 

An estimate of the total standing biomass of Darwin Harbour was obtained by 

combining the estimates for each mangrove associations standing biomass. The 

final estimate represents around 65% of the total mangrove basal area of Darwin 

Harbour (Section 3.2 and Table 3.2.2). 
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4.3 RESULTS 

4.3.1 Tagged Tree Standing Biomass 

Standing biomass estimates were calculated for each of the selected trees at 

each sampling site. The results obtained indicate that significant variations exist 

between sample sites contained within the same associations. For example the 

average standing biomass calculated within Community 2 (Tidal Creek) ranged 

from a minimum of 759 kg for 57 trees to a maximum of 11,969 kg for 32 trees. 

Substantial differences were also recorded within Community 1 (Shoreline Forest) 

with a variation of approximately 11,000 kg between the minimum and 

maximum estimates. 

Table 4.3.1: Tagged tree standing biomass calculated at each sampling site based on DBH 
measurements recorded during field sampling in 1999. Calculations are based on trees 
which were selected within the basal sweeps. Average tree biomass has been presented for 
each mangrove association. 

Association Sample Site No. Trees Tree Biomass Average Tree 
Sampled 1999 Biomass 

E1.1 43 2,837 
1 Shoreline Forest Ml .1 35 13,624 8,489 

W1.1 44 9,007 
E1.2 32 11,969 
M2.2 57 759 

2 Tidal creek M3.2 48 8,192 8,386 
W1.2 33 9,686 
W2.2 45 11,302 

M2.3 35 1,567 3 Transition 2,251 M3.3 54 2,935 
E1.4 11 49 
M2.4 65 136 4 Mid Tidal Flat 146 M3.4 22 87 
W1.4 35 311 

E1.5 56 1,593 
5 High Tidal Flat E2.5 39 405 802 

M1.5 19 408 
M1.6 41 2,602 
M3.6 43 1,107 

6 Hinterland W1.6 32 1,806 1,789 
W2.6 79 1,721 
E1.6 64 1,748 
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4.3.2 Stem Densities 

Stem density estimates calculated at each sample site via both Angle Basal 

Counts and Full Plot analysis are contained within Table 4.3.2. 

Table 4.3.2: Community Stem Density estimates per hectare based on Angle Basal Count method 
developed by Bitterlich, (1984). (1984) and full 20 x 20 m Plot counts. Average stem densities based 
on both methodologies have been presented for each mangrove association. 

Association Sample Stem Density/ha Stem Density/ha 
Site (wedge) (plot) 

E1.1 2,674 3,000 

1 ShorelineForesi ML1 1,221 Av = 2,161 2,500 Av = 2,775 

Wi.] 2,588 2,825 

Ei.2 1,631 7,450 

M2.2 27,922 1 6,675 

2 Tidal creek M3.2 2,462 Ày = 7,336 4,075 Ày = 7,635 

Wi .2 1,026 4,325 

W2.2 3,640 5,650 

M2.3 7,495 16,075 
3 Transition Ày = 15,066 Av = 16,875 

M3.3 22,636 17,675 

El .4 7,811 22,350 

M2.4 117,778 35,825 
4 Mid Tidal Flat Av = 39,913 Av = 28,894 

M3.4 20,960 29,600 

W1.4 13,104 27,800 

Ei.5 14,540 21,350 

5 High Tidal Flat E2.5 15,287 Av = ii ,566 16,975 Ày = 17,575 

Ml .5 4,872 14,400 

Ml.6 6,128 5,550 

M3.6 9,266 9,725 

6 Hinterland Wi .6 3,029 Av = 9,018 9,275 Ày = 10,115 

W2.6 14,951 15,400 

E1.6 11,714 10,625 

Stem densities calculated via both methodologies varied significantly within 

each community, in particularly for estimates calculated via the basal wedge 

method. For example the difference between minimum and maximum 

estimates within Mid Tidal Flat associations was approximately 11,000 stems per 

hect are. 
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Average stem density estimates within Associations 1, 2, 3 and 6 were quite 

similar between methodologies, however, estimates within Associations 4 and 5 

varied significantly. Within Association 4, stem densities calculated with the 

basal wedge obtained estimates of 39,913 stems per ha while estimates 

obtained via full plot counts were around 30% lower, 28,894 stems per hectare, 

Within Association 5 the reverse was apparent with basal wedge stem densities 

approximately 30% lower than those calculated via the full plot technique. 

On average stem densities ranged from approximately 2,161 stems per hectare 

for Shoreline Forest associations to a maximum of 39,913 stems per hectare for 

Mid Tidal Flat associations. 

4.3.3 Per Hectare Standing Biomass 

The ranking of standing biomass over the 6 associations studied was generally 

not surprising. As expected Shoreline and Tidal Creek mangrove forests due to 

their percentage of tall large trees obtained the highest standing biomass with 

estimates of 267.29 and 224.76 t/ha respectively. Lowest recordings were 

calculated within High Tidal Flat associations where biomass was estimated at 

69.63 t/ha. Table 4.3.3 summarises the results. 
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Table 4.3.3: Community Standing biomass per hectare at each of the sampling sites. Estimates were 
obtained when the standing biomass calculated for each selected tree was multiplied by the number of 
stems that each tree represented per hectare and summing the results. Average stem densities based on 
both methodologies have been presented for each mangrove association. 

Sample No. Trees Biomass Av Biomass Ày Biomass 
AssocIation 

Site Sampled kg/ha kg/ha t/ha 

[1.1 43 114,817 

1 ShorelineForest Ml.] 35 317,341 267,294 267.29 

Wi.] 44 369,724 

Ei.2 32 190,736 

M2.2 57 231,930 

2 Tidalcreek M3.2 48 261,354 224,764 225.76 

W1.2 33 190,576 

W2.2 45 249,222 

M2.3 35 157,777 
3 Transition 201,437 201.44 

M3.3 54 245,097 

E1.4 11 17,704 

M2.4 65 212,654 
4 Mid Tidal Flat 89,283 89.28 

M3.4 22 67,638 

W1.4 35 59,134 

E1.5 56 90,189 

5 HighTidaiFlat E2.5 39 67,159 69,627 69.63 

M1.5 19 51,532 

M1.6 41 154,236 

M3.6 43 198,855 

6 Hinterland W1.6 32 145,191 188,903 188.90 

W2.6 79 244,764 

E1.6 64 201,467 

ANOVA was done to test for differences among associations in mean biomass 

(using Statistica for Windows, Version 5.5, Statsoft Inc.). This test was significant 

and was followed by Tukey's test to compare the associations (Table 4.3.5). This 

test grouped associations into a group with lower means (Associations 5, 4, 6, 3, 

and 2) and a group with higher means (Associations 4, 6, 3, 2, and 1) but was 

unable to further separate these. 
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Table 4.3.5: From analysis of the results of the Tukey's test if can be seen that association average 
biomass falls into two broad groupings those communities with high average biomass and those within a 
lower average. 

ASS. {5} {4} {6} {3} {2} {1} 

Av. 
Biomass  

69627 89283 188902 201437 224763 267294 

Groupi Groupi Groupi Groupi Groupi 

Group2 Group2 Group2 Group2 Group2 

To assess the contribution made to total biomass by both above and below 

ground biomass, estimates for each were calculated within each community. 

On average below ground biomass contributed approximately 46% of total 

biomass and ranged from 26.30 t/ha for High Tidal Flats to 73.24 t/ha for Transition 

associations. Above ground biomass was highest within Shoreline forests with a 

maximum of 212.59 t/ha and lowest within High Tidal Flats, 43.24 t/ha (Table 

4.3.6). 

Table 4.3.6: Above and below ground standing biomass estimates per hectare for each mangrove 
association studied. Estimates were obtained when the below and above ground standing biomass 
estimates calculated for each selected tree were multiplied by the number of stems that each tree 
represented per hectare and the results summed. 

Average Below Average Above 
ssociation Ground Biomass Ground Biomass 

(t/ha) (tlha) 

1 Rhizophora stylosa closed-forest/low closed 
forest (Shoreline forest) 59.54 212.59 

2 Rhizophora sty!osa/Camptostemon schu!tzii 
closed-forest (tidal creek) 58.94 169.72 

3 Rhizophora Bruguiera/Ceriops Closed- 
forest(transition) 73.24 128.91 

4 Ceriops tagal low closed-forest (mid tidal 
flat) 28.00 59.56 

5 Ceriops taga!/Avicennia marina low closed 
forest (high tidal flat) 26.30 43.24 

6 Mixed species low closed forest/open- 
forest (hinterland) 63.81 137.02 

Note: Each portion of biomass standing biomass has been calculated separately from allometric 
relationships calculated In Project 1. As each relationship has been obtained from different tree ranges the 
sum of below and above ground biomass does not equal the total standing biomass estimate. 
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The contribution made by each of the four species to standing biomass 

estimated at each sampling location is contained within Table 4.3.7. The results 

indicate that of the four species sampled R. sty/osa was the single contributing 

species within Shoreline Forest associations with 100% contribution recorded at all 

Shoreline sites. 

Tidal Creek associations were also dominated by R. stylosa with 100% 

contribution recorded within all sampling sites with the exception of M2.2 where 

C. toga! contributed 16.5% and A. marina 2.5%. 

Table 4.3.7: Illustrates the contribution made to total standing biomass by each of the four mangrove 
species studied. Estimates were obtained at each of the sampling sites with standing biomass obtained 
when each selected trees standing biomass was multiplied by the number of stems that each represented 
per hectare and summing the results. 

Association Sample Association Species Contribution 
Site Biomass  

kg/ha Ày Be Ct Rs 
% Total % Total % Total % Total 

E1.1 114817 - - - 100% 
1 Shoreline Forest Mi .1 317341 - - 100% 

Wi.] 369724 - - - 100% 
[1.2 190736 - - - 100% 
M2.2 231930 2.5% - 16.5% 81% 

2 Tidal creek M3.2 261354 - - - 100% 

W1.2 190576 - - - 100% 
W2.2 249222 - - - 100% 
M2.3 157777 2% 9% 4% 85% 

3 Transition 
M3.3 245097 - 35% 1 6% 49% 

E1.4 17704 - - 100% - 

M2.4 212654 - - 100% - 4 Mid Tidal Flat 
M3.4 67638 - - 100% - 

Wi.4 59134 16% - 84% - 

[1.5 90189 12% - 88% - 

5 High Tidal Flat E2.5 67159 10% 11% 79% - 

M1.5 51532 97% - 3.20% - 

M1.6 154236 3.5% 48.5% 48% - 

M3.6 198855 - - 100% - 

6 Hinterland Wi.6 145191 - - 100% - 

W2.6 244764 - - 100% - 

E1.6 201467 - 6.6% 93% - 

Of all the associations sampled Transition showed the greatest diversity with 

contributions to standing biomass made by all four species. Contributions 

ranged from 2% for A. marina to 85% for R. sty!osa. 

112 



Project 2-Results 

Within Mid Tidal Flat associations C. togal provided the greatest standing 

biomass with three out of the four sites recording 100% standing biomass 

contribution by C. togal. The remaining site contained a number of A. marina 

which made up approximately 16% of the standing biomass at that site. 

High Tidal Flat associations recorded contributions made by A. marina, B. 

exaristata, and C. togal. At two out of the three sites C. togal provided the 

greatest standing biomass with recordings of above 79%. At the remaining site 

A. marina made the greatest contribution with 97% recorded. 

C. togal contributed the greatest percentage of standing biomass within 

Hinterland associations where contributions of over 93% were recorded at 4 of 

the 5 Hinterland sites. Of all the sites recorded B. exarisfata made its largest 

contribution 48.5% of standing biomass within Hinterland site Ml .6. 

4.3.4 Darwin Harbour Standing Biomass 

Standing biomass estimates for each of the mangrove associations studied are 

contained within Table 4.3.8. Tidal Creek associations recorded the highest 

standing biomass within Darwin Harbour, contributing approximately 50% of the 

Harbour's 2.7 million tonnes of mangrove biomass. 

Although recording the second lowest standing biomass per hectare of 89.28 

tonnes, Mid Tidal Flat associations extend over the largest area of Darwin 

Harbour. Dominated by low C. togal trees of around 1.8 to 2.5 m in height this 

community recorded the second largest contribution to mangrove standing 

biomass, contributing approximately 25% or 710,599 tonnes, Remarkably these 

associations inhabit some of the most saline and apparently environmentally 

harsh areas of the mangrove tidal flats. 

The lowest contribution to Harbour standing biomass was that made by High 

Tidal Flat associations, recording just 2% of Harbour biomass. Low standing 

biomass per hectare combined with low harbour representation explains this 

result. 
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Table 4.3.8: Community Standing Biomass estimates for each of the mangrove association found within 
Darwin Harbour. Estimates were obtained when association standing biomass was multiplied by the 
association area estimates calculated by Brocklehurst and Edmeades (1996a). 

Association 
Area 
ha 

Biomass 
I/ha 

Biomass 
f/corn 

I Shoreline Forest 667 267.29 1 78,285 

2 Tidalcreek 5965 224.76 1,340,715 

3 Transition 734 201.44 147,855 

4 Mid Tidal Flat 7959 89.28 710,599 

5 High Tidal Flat 892 69.63 62,107 

6 Hinterland 1525 188.90 288,076 

Total Harbour 2,727,638 
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4.4 DISCUSSION 

44.1 Tagged Tree Standing Biomass 

The variations identified between the tree standing biomass estimates 

calculated at sample sites within the same mangrove associations show that 

tree structure and species composition has a large impact on standing biomass. 

Results obtained within Shoreline Forest sample site [1.1 (Elizabeth River) and 

Wi .1 (West Arm) demonstrate the impacts of association structure. Standing 

biomass at both sites was calculated from very similar tree quantifies, 43 and 44 

respectively, tree biomass at each site however was quite different, with 

estimates obtained within West Arm approximately 320% greater than those 

calculated within Elizabeth River. While both sites were dominated by R. st ylosa 

the minimum, maximum and average DBH recorded at the Elizabeth River site 

were significantly smaller than those recorded within the West Arm site. 

The standing biomass estimates calculated at sites M1,6 (Middle Arm 1) and 

M3.6 (Middle Arm 3) both Hinterland associations indicate the impacts of species 

diversity. Again standing biomass was calculated for a similar number of trees 

however estimates differed significantly with standing biomass at Middle Arm i 

twice as high as that recorded at Middle Arm 3. 

The difference in estimates was a result of species composition. While Middle 

Arm 3 was a mono specific stand of C. toga!, Middle Arm i contained two A. 

marina trees which when combined totaled over 700 kg or 27% of the total 

standing biomass calculated for all 41 trees. 

Differences in structure and species compositions are better demonstrated 

between associations. On average sample sites that contained large R. stylosa 

trees such as those within Associations 1, 2 and to a lesser extent Association 3 

displayed higher standing biomass in comparison with sites located within 

associations dominated by smaller C. taga! trees. 

51~1 
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4.4.2 Stem Densities 

The stem density calculations obtained within this study have shown the basal 

count methodology obtains relatively accurate results within mangrove 

associations dominated by large single stem trees. When utilised within shrub like 

associations, however, where multi-stemmed bushes are dominate, over and 

under estimates can result. 

The variation within stem density calculated via the two methodologies may be 

due to errors when conducting basal sweeps. While the full plot counts are 

based on the actual number of trees within a given area, the basal wedge 

method relies on calculations obtained by Bitterlich, (1984), (1984) within a pine 

forest. 

When calculating stem densities via the basal wedge method the stem density 

equation developed by Bitferlich, (1984), (1984) attributes trees with small DBH 

values a larger stem number per ha in comparison with trees with greater DBH 

recordings. As a consequence errors within a community with predominately 

small trees such as in Associations 4 and 5 are proportionately greater than those 

within a community of larger trees. For example a tree with a DBH of 2.7 cm 

represents approximately 870 stems per ha while a 13.5 cm DBH tree represents 

around 35 stems per ha. In a basal sweep dominated by smaller trees the 

consequence of disregarding a tree or not counting it, as it was obscured, has a 

greater effect on the stem density estimates than if the same error was made 

within a community dominated by larger trees. 

Brocklehurst and Edmeades (1996a) conducted an extensive survey of the 

mangrove associations within Darwin Harbour and also obtained stem densities 

estimates using the basal sweep method. While Brocklehurst and Edmeades 

(1996a) obtained results for all species that were contained within each plot, for 

the purposes of comparison only results obtained for A. marina, B. exaristata, C. 

taga! and R. sty!osa have been utilised. Median stem densities estimated 

through angle count methods are contained within Table 4.4.1. 

The estimates obtained within both studies are similar for Shoreline Forest, Tidal 

Creek and Hinterland associations, however vary within the remained 

N 
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associations. Variation in both species diversity and structure between sampling 

sites is expected to be the major contributing factor to the differences observed 

between studies. 

Table 4.4.1: Association Stem Density comparison between estimates established by Brocklehurst 
and Edmeades,(1996a) and those recorded within this study. Stem Density estimates have been 
limited to the A. marina, S. exaristata. C. toga! and R. sty!osa which were reported within both 
studies. 

Association Brocklehurst and 
Edmeades (1996a) This Study 

1 Shoreline Forest 2,086 2,588 

2 Tidal creek 6,290 2,462 

3 Transition 14,900 15,066 

4 Mid Tidal Flat 22,000 17,032 

5 High Tidal Flat 9,916 14,540 

6 Hinterland 11,483 9,266 

*medion  Community stem densities include only A. marina. B. exaristata, C. tagol and R. sty!osa. 

Stem densities for mangrove associations within Mexico and Brazil have been 

reported by Silva et. at, (1991). Stem densities for Fringe mangrove associations 

within Mexico were 5,920 trees/ha and within Brazil 4,510 trees/ha. While these 

associations are similar in species dominance and zone location to Shoreline 

Forest associations surveyed within this study, stem density estimates were lower, 

with an average of only 2,161 (wedge) and 2,775 (plot) stems per hectare 

recorded. In comparison the stem densities reported for Riverine mangroves in 

the Meio River (Brazil) 3,700 trees per hectare were significantly lower than those 

estimates obtained for similar mangrove associations within this study, where 

average stem densities were estimated at 7,338 (wedge) and 7,635 (plot) 

stem/ha. 

4.4.3 Per Hectare Standing Biomass 

While stem densities within Shoreline Forest and Tidal Creek associations were 

relatively low in comparison with the other associations sampled they were 

dominated by large R. sty/osa trees, which in some instances weighted over 950 

kg each. As a result the standing biomass contained per hectare within these 

associations was higher than estimates record within the other associations 
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making up around 50% or 1,340,715 tonnes of the Harbours estimated, 2,727,638 

tonnes. 

Mid Tidal Flat and High Tidal Flat associations were dominated by low C. togal 

forests and recorded the lowest standing biomass ranging from 69 to 89 tonnes 

per hectare. Stem densities within these areas were relatively high, tree size, 

however was generally small in comparison to the large R. stylosa trees 

inhabiting the tidal creek associations. 

Mangrove biomass estimates have been calculated by a number of workers 

and differ greatly depending on location, forest type, stand structure and 

methods used for calculation. A summary of a number of biomass estimates is 

contained within Table 4.4.2. While most likely not a complete list of biomass 

studies the references cited give an indication of the range of mangrove 

standing biomass estimates throughout the world and provide a basis for 

comparison. 

Above ground biomass estimates are more commonly reported than below 

ground and total standing biomass and range from 7,870 kg/ha for scrub 

mangrove in Florida (Cintron and Schaeffer-Novelli, 1983) to 447,000 kg/ha for 

mangrove forests in New Guinea (Paijamans and Rollet, 1977). Estimates for 

above ground biomass within this study fell towards the center of this range for 

the majority of mangrove associations. 
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Table 4.4.2: Comparison of biomass recordings for mangrove forests throughout the world and those 
obtained within this study. Estimates have been presented for above ground, below ground and total 
biomass where figures have been available. In some studies standing biomass estimates have been 
obtained at muHiple sites and have been reported in order to illustrate variations. 

Forest 
Above Below Total 

Type 
Ground Ground Biomass Region Reference 
kg/ha kg/ha kg/ha  

Fringe 65,373 16,334 81,707 Brazil Silva etal. (1991) 

Fringe 62,850 49,970 112,820 Puerto Rico Golley et al. (1962) 

86,000 
Fringe 118,000 - - Florida 

dough and Attiwill 
(1982) 

 153,000 

Rhizophora 159,000 - Thailand christensen (1978) 

Shoreline 
Forest 212,585 59,539 267,294 Australia This study 

Tidal creek 409,000 - - Malaysia Putz and chan (1986) 

Tidal creek 169,718 58,940 224,764 Australia This study 

Riverine 279,210 189,760 468,970 Panama 
cintron & Schaeffer- 

Novelli (1983) 

Riverine 
98, 000 

- - Florida dough and Attiwill 
174,000  (1982) 

Riverine 128,400 153,800 282,200 Australia cintron & Schaeffer- 
Novelli (1983) 

Scrub 7,870 8,010 15,880 Florida cintron & Schaeffer- 
Novelli (1983) 

Avicennia - - 236,000 SA Australia dough and Attiwill 
(1982) 

- 
- 291,800 Avicennia 

- 
- 272,500  

NSW Austraila Briggs (1997) 

High Tidal Flat 43,241 26,295 69,627 Australia This study 

Transition 128,906 73,236 201,437 Australia This study 

Mid Tidal Flat 59,564 27,996 89,283 Australia This study 

Hinterland 137,012 63,812 188,903 Australia This study 

- 46,000 - - Philippines 
dough and Attiwill 

(1982) 
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There is limited literature containing estimates of below ground biomass for 

mangrove associations and very few reports utilized allometric relationships to 

obtain such estimates. This is due to the lack of research that has been 

conducted to establish relationships between readily measurable variables and 

mangrove tree biomass. Most commonly below ground biomass estimates have 

been gathered by removing long trenches of root material or through root 

coring. Reported estimates of below ground biomass range from as low of 8,010 

kg/ha within scrub mangroves in Florida to up to 189,760 kg/ha for Riverine 

forests in Panama. Below ground biomass calculated within this study ranged 

between 26,295 kg/ha for Mid Tidal Flat associations to 73,236 kg/ha for Transition 

forests. 

Total standing biomass estimates for mangrove associations have been reported 

to range from 15,880 kg/ha for scrub mangroves in Florida to 468,970 kg/ha for 

riverine forests in Panama. Estimates obtained within this study fell within the 

limits of this range with lowest estimates of 69,627 kg/ha for High Tidal Flat 

associations and a maximum of 267,294 kg/ha for Shoreline Forests. 

All estimates produced within this study have been based on allometric 

relationships formulated within Project 1 for A. marina, C. toga!, B. exaristata and 

R. stylosa. As the relationships were only established for the portion of below 

ground biomass contained within a 2 m radius of tree stem, community below 

ground biomass and standing biomass figures have been under estimated. 

As the root structure of C. togal is compact and located close to the stem 

buttress only minimal root material was not sampled. Estimates for associations 

dominated by C. toga! (Mid Tidal Flat, High Tidal Flat and Hinterland) are 

therefore expected to be slightly under valued. 

Estimates for associations dominated by larger trees of the species A. marina, B. 

exaristata and R. stylosa such as Shoreline, Tidal Creek and Transition forests, 

however, are expected to be substantially under estimated. These trees have 

extensive root systems, which in the case of larger more mature trees can 

extend over substantial distances. 
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Most studies have found that below ground biomass within mangrove 

associations accounts for approximately 40-50% of total biomass (Cintron & 

Schaeffer-Novelli, 1983, Golley et al., 1962 and Briggs, 1997 in Table 4.4.2 above). 

If this ratio is applied to estimates calculated within this study it is possible that 

figures for some associations have been underestimated by up to 30%. 

4.4.4 Darwin Harbour Standing Biomass 

The standing biomass estimates obtained within this study have been based on 

the four most commonly occurring mangrove species within Darwin Harbour R. 

stylosa, A. marina, B. exaristata and C. togal. Together these species represent 

approximately 67% of the total harbour's mangrove basal area (Brocklehurst 

and Edmeades, 1996a). It is therefore likely that true mangrove standing 

biomass within Darwin Harbour is higher than that estimated within this study of 

2,727,638 tonnes. In order to confirm true standing biomass further allometric 

relationships for additional mangrove species are required. 
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50 PROJECT 3 

5.1 The Calculation of Darwin Harbour Mangrove 

Productivity 

While standing biomass estimates are often used as a basis for making 

comparisons of potential productivity (dough & Attiwill, 1982) they are not a 

direct measure of primary production. Primary productivity is a rate, it is time 

dependent, and a single measurement of forest biomass will not itself measure 

primary production (dough, 1987). 

Productivity can be measured through biomass accumulation and is the 

increase in the biomass of an ecosystem. Gross productivity equals the amount 

of organic matter produced and includes that consumed by animals and 

respired by primary producers. The organic matter not consumed or respired 

accumulates as biomass. Net  primary production is the rate at which biomass 

accumulates (Applegate, 1982). 

In summary, and for the purposes of this Project, mangrove productivity is 

defined as the rate at which living material accumulates per unit area over time, 

ie the amount of biomass (leaves, branches, stems and roots) that is produced 

by a mangrove association over a given period. 

The objective of this project was to estimate mangrove productivity for each of 

the mangrove associations within Darwin Harbour and for Darwin Harbour as a 

whole. This was achieved by calculating the increase in standing biomass or 

biomass accumulation within each of the sample sites established in Project 1. 

These estimates were then extrapolated to obtain per hectare biomass 

accumulation rates. 

As the standing biomass accumulation calculations did not take into 

consideration the amount of living material produced and lost annually as leaf 

litter, standing biomass accumulation was combined with average mangrove 

association leaf litter fall estimates calculated by Metcalf (1999). By combing 
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both standing biomass accumulation and leaf litter fall a confident estimate of 

mangrove productivity was obtained for Darwin Harbour. This productivity 

estimate is the first to be calculated which contains both above and below 

ground biomass increases and leaf litter fall production within Darwin Harbour. 
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5.2 METHODS 

5.2.1 Tagged Tree Biomass Accumulation 

After a period of 12 months the mangrove sampling sites established in Project 2 

were revisited and a second set of DBH measurements were recorded for each 

of the tagged trees. Two sets of standing biomass estimates were then 

calculated for each tree, the first was based on the 1999 DBH recordings and 

the second on those recorded 12 months later in 2000. The estimates were 

established by applying the allometric relationships calculated in Project 1 to 

tree DBH. 

Of the trees tagged at each site, most were used to calculate standing biomass 

estimates for both years. In some situations, however, the aluminium tags used 

for identification purposes had fallen off making it impossible to identify the same 

tree in both years. In other cases significant differences were recorded in the 

DBH measures, where DBH was much greater during the first year than the 

second. Data indicating that trees had shrunk, by over 4 cm DBH in some 

instances, is likely to be due to recorder errors rather than tree shrinkage. Where 

if was not possible to gain a confident result in both 1999 and 2000 the tagged 

trees in question were omitted from calculations. 

The biomass accumulated within the tagged trees at each sample site was then 

obtained by subtracting the standing biomass totals calculated in 1999 from 

those obtained in 2000. 

5.2.2 Per Hectare Biomass Accumulation and Productivity 

The biomass accumulated within each sample tree represented in both years 

was multiplied by the number of stems per hectare each represented. This was 

calculated by applying the stem density equation developed by Bitterlich, 

(1984) and described in Section 4.2.6. Biomass accumulation estimates were 

then totalled to obtain per hectare estimates at each site. 
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As at most sites biomass accumulation estimates were based on a smaller 

number of tree than that recorded via basal wedge sweeps, estimates were 

extrapolated accordingly. 

This was achieved by dividing biomass accumulation by the portion that the 

sampled trees stem density represented of actual community stem density, 

(obtained in Project 2). 

The following equation was used: 

Sample Tree Biomass Accumulation per ha 
Per Hectare Biomass Accumulation = 

)Tagged Tree Stem Density/Actual Stem Density) 

Per hectare productivity was obtained when per hectare biomass accumulation 

was combined with hectare mangrove leaf litter fall estimates reported by 

Metcalf (1999). 

5.2.3 Darwin Harbour Biomass Accumulation and Productivity 

An estimate of the biomass accumulated and productivity within the major 

mangrove associations of Darwin Harbour was obtained when per hectare 

biomass accumulation and productivity estimates were multiplied by the 

mangrove association area estimates reported by Brocklehurst and Edmeades 

(1996). 

Darwin Harbour biomass accumulation and productivity was then obtained 

when estimates for each mangrove association were combined. The final 

estimate represents approximately 68% of the total mangrove basal area of 

Darwin Harbour. (Section 3.2 and Table 3.2.2) 

~ ~V 
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5.3 RESULTS 

5.3.1 Tagged Tree Biomass Accumulation 

Tagged Tree biomass accumulation over the 12 month period was greatest 

within Shoreline Forest and Tidal Creek associations where increases were 234 kg 

at Wi .1 for 42 trees and 231kg at El .2 for 26 trees. Lowest increases were shown 

within trees of Mid Tidal Flat associations, where recordings were as low as 1.11 

kg for 20 trees (Table 5.3.1) 

Table 5.3.1: Tagged Tree biomass accumulation within each of the sample sites studied. Standing biomass 
estimates were calculated for a number of trees for study years, 1999 and 2000. Biomass accumulation 
was obtained by subtracting standing biomass calculated within 1999 from that recorded In 2000. 

Sample No. Trees 
Tree Tree biomass 

Tree 
Biomass Association 

Site Sampled 
b1omass1999 2000 

Accumulation 
(kg) (kg) 

(kg) 

E1.1 41 2,751 2,859 107.74 

1 Shoreline Forest Ml.l 29 14,624 14,713 89.27 

W1.1 42 8,576 8,810 233.59 

[1.2 26 9,215 9,446 230.55 

M2.2 18 344 374 29.92 

2 Tidal Creek M3.2 48 8,192 8,351 159.06 

W1.2 31 9,245 9,261 16.57 

W2.2 35 9,962 10,013 50.94 

M2.3 23 1,027 1,046 19.16 
3 Transition 

M3.3 27 1,317 1,346 28.81 

[1.4 13 47 49 2.5 

M2.4 20 55 56 1.11 
4 Mid Tidal Flat 

M3.4 20 83 87 3.43 

W1.4 31 249 251 2.15 

[1.5 28 1,388 1,418 29.57 

5 High Tidal Flat E2.5 39 405 413 8.22 

M1.5 18 408 420 11.88 

M1.6 41 2,602 2,656 54.63 

M3.6 29 746 802 55.59 

6 Hinterland W1.6 30 1,612 1,629 17.29 

W2.6 77 1,697 1,698 0.79 

[1.6 62 1,513 1,565 43.86 
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ANOVA was done to test for differences among associations in mean tree 

biomass calculated for 1999 and 2000 and in mean biomass accumulation 

(using Statisfica for Windows, Version 5.5, Statsoft Inc.). Average tree biomass 

and biomass accumulation was obtained by dividing tagged tree biomass and 

biomass accumulation by the number of trees present. A log-transformation of 

average tree biomass and accumulation was conducted before the ANOVA 

tests were completed to ensure the variances for each mangrove associations 

were equal. 

The ANOVA tests were significant and were followed by Tukey's test to compare 

the associations (Tables 5.3.2 and 5.3.3). For mean tree biomass the tests 

grouped associations into a group with lower means (Associations 4, 5, and 3) 

and a group with higher means (Associations 1, 2, and 3). An intermediate 

group was also present and included Associations 4, 6 and 3 and could be 

considered those associations with medium average tree biomass (Table 5.3.2). 

Table 5.3.2: From analysis of the results of the Tukey's test It can be seen that average tree biomass within 
both years for which the analysis was performed falls Into two groupings those communities with high 
average tree biomass and those with low average tree biomass. A third group also exists which contains 
associations with medium average tree biomass. 

ASS. (4) (5) {6} (3) (2) {1} 
Ày. Tree 
Biomass .63009 1.3557 1.5347 1.6690 2.1984 2.2798 

1999  

Av. Tree 
Biomass .64255 1.3658 1.5467 1.6777 2.2100 2.2902 

2000  

Group I Groupi 

Group 2 Group 2 Group 2 

Group 3 Group 3 Group 3 

For mean association biomass the results of the Tukey's test indicate the 

presence of two groups, a group with lower biomass and a group with higher 

biomass (Table 5.3.3). 
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Table 5.3.3: From analysis of the results of the Tukey's test it can be seen that association average 
biomass falls into two broad groupings those communities with high average biomass and those within a 
lower average. 

ASS. {4} {5} {6} {3} {2} {1} 

Av. 
69627 

Biom ass  

89283 188902 201437 224763 267294 

Groupi Groupi Groupi Groupi 

Group2 Group2 Group2 Group2 Group2 

When tree biomass accumulation is expressed as a percentage of tree standing 

biomass an indication of the amount of material produced in relation to tree 

weight can be gained. Generally, all six mangrove associations displayed similar 

percentage increases with an average minimum increase of 1.32% ranging to 

an average maximum increase of 2.25%. Of the six associations surveyed, 

percentage increase was greatest within High Tidal Flat and Mid Tidal Flat 

associations were recordings of 2.25% and 2.11% respectively were found (Table 

5.3.4). 

Table 5.3.4: Contains biomass percentage increases for each of the mangrove associations 
studied. Percentage increases have been obtained by expressing average tree biomass 
accumulation as a percentage of average tree standing biomass. 

Average Ày 

No. Trees Tree standing Tree Percent 
Association 

Sampled biomass Biomass Increase 
1999 Accumulation 
kg kg 

1 Shoreline Forest 37 8,651 143.5 1.66 

2 Tidal Creek 32 7,392 97.4 1.32 

3 Transition 25 1,172 23.9 2.04 

4 Mid Tidal Flat 21 109 2.3 2.11 

5 High Tidal Flat 28 734 16.5 2.25 

6 Hinterland 48 1,636 34 2.08 
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5.3.2 Per Hectare Biomass Accumulation 

Average per hectare biomass accumulation was greatest within Tidal Creek 

associations with an estimated 11,346 kg of biomass being accumulated per 

hectare a year. Biomass ranged from 1,120 kg/ha/year to a maximum of 41,302 

kg/ha/year. The next most productive associations, in terms of biomass 

accumulation, were Hinterland associations followed by Shoreline Forests, which 

recorded average increases of 6,297 and 5,909 kg/ha/year respectively. Lowest 

average accumulation rates were recorded within Transition associations (Table 

5.3.5). 

Table 5.3.5: Average per hectare biomass accumulation within the 6 mangrove associations studied. 
Biomass accumulation was obtained by multiplying the biomass increase recorded within each tree by 
the number of tree each represented per hectare. As at some sites biomass accumulation was 
calculated for, fewer trees than were recorded within the basal sweeps estimates were extrapolated up 
accordingly. 

Sample Biomass % per Biomass Average Per
Hectare Biomass Association Site Accumulation hectare Accumulation 

Accumulation kg/ha/year sampled kg/ha/year kg/ha/year 

El .1 4,226 99% 4,252 
1 Shoreline Forest Ml.l 3,097 99% 3,129 5,909 

W1.1 9,865 95% 10,347  

El .2 6,858 94% 7,268 
M2.2 8,345 20% 41,302 

2 Tidal Creek M3.2 3,769 100% 3,769 11,346 
Wl.2 1,064 95% 1,120 
W2.2 2,724 83% 3,272 

3 Transition M2.3 1 ,684  66% 2,533 
4,157 M3.3 3,554 61% 1 5,780 

El.4 1,874 58% 3,236 

4 Mid Tidal Flat M2.4 1,810 21% 8,732 
4,632 M3.4 2,809 83% 3,383 

Wi .4 2,934 92% 3,176  

El .5 4,274 48% 8,848 
5 High Tidal Flat E2.5 5,482 100% 5,482 5,545 

Mi.5 2,304 100% 2,304 

Mi.6 4,166 100% 4,165 
M3.6 11,815 67% 17,747 

6 Hinterland W1.6 1,577 97% 1,626 6,296 
W2.6 731 97% 757 
E1.6 6,975 97% 7,187 
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5.3.3 Per Hectare Productivity 

Per hectare productivity estimates obtained when both biomass accumulation 

and leaf litter fall were combined ranged between 8,862 kg/ha/year for Mid 

Tidal Flat associations to a high of 19,716 kg/ha/year for Tidal Creek associations 

(Table 5.3.7). 

Leaf litter fall estimates reported by Metcalf (1999) ranged from 4,230 

kg/ha/year for Mid Tidal Flat associations to 9,570 kg/ha/year for Shoreline 

Forests. Over the six associations studied litter fall ranged from 74% to 1 62% of 

biomass accumulation. Average leaf litter fall was equal to average biomass 

accumulation (Table 5.3.7). 

Table 5.3.7: Average per hectare biomass accumulation over a 12 month period for each of the 
mangrove association studied has been expressed In kg. The leaf litter fall estimates were reported by 
Metcalf (1999) and were obtained within the same sampling sites as those calculated for biomass 
accumulation. Per hectare productivity was calculated by combing biomass accumulation and leaf litter 
fall. 

Av Per Hectare 
Leaf Lifter Fall 

Per hectare 

Association 
Blomass 

Metcalf,(1999) 
Productivity 

Accumulation kg/ha/year  g/ha/year 
 kg/ha/year 

1 Shoreline Forest 5,909 9,570 15,479 

2 Tidal Creek 11,346 8,370 19,716 

3 Transition 4,157 5,520 9,677 

4 Mid Tidal Flat 4,632 4,230 8,862 

5 High Tidal Flat 5,545 5,440 10,985 

6 Hinterland 6,297 8,540 14,837 

In order to illustrate the relationship between biomass accumulation and leaf 

litter fall Figure 5.3.1 has been included. While the correlation between the two 

variables is not significant a trend exists. 
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Relationship between Biomass Accumulation to Leaf 
Ltter Fall y = 0.4433x + 4145.6 

R2  = 0.2852 
12000 

0) 
10000 

8000 

6000 
U. 

-. 4000 
-J 

2000 
-J 

 

0 2000 4000 6000 8000 10000 12000 
Biomass Accumulation (kg/ha/year) 

Figure 5.3.1: The relationship between mangrove association biomass accumulation 
and leaf litter fall estimates, obtained by Melcalf (1999). While the correlation is not 
significant, a trend exists between the two variables. 

5.3.4 Darwin Harbour Biomass Accumulation & Productivity 

The productivity of the mangrove associations within Darwin Harbour was 

equivalent to 237,990 t/year. This estimate included the production of 126,085 

tonnes of biomass and 111,905 tonnes of leaf litter per year. The greatest 

community contribution to harbour productivity was made by Tidal Creek forests 

with 117,607 tonnes of organic matter produced annually. This represented 

approximately 50% of the total harbour productivity. Tidal Creek associations 

had the highest biomass accumulation rates 11,346 kg/ha/year, cover the 

second largest area 5,965 ha and had one of the greatest leaf litter contributions 

within the harbour 8,370 kg/ha/year (Table 5.3.8) 

Tidal Creek associations were followed by Mid Tidal Flat associations, which 

contributed approximately 30% of harbour productivity. While these associations 

had one of the lowest biomass accumulation 4,632 kg/ha/year and lowest leaf 

litter production rates, 4,230 kg/ha/year they cover the largest area within the 

harbour, just less than 8,000 hectares. When per hectare productivity was 

multiplied by area, their productivity ranked second within the harbour. The 
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remaining associations each contributed fewer than 10% of harbour 

productivity. 

Table 5.3.8: Mangrove association biomass accumulation, leaf litter fall and productivity was obtained by 
multiplying per hectare estimates by mangrove community area calculated by Brocklehurst and 
Edmeades (1996a). Total harbour estimates were calculated by summing the association estimates. 

Association Area 
(ha) 

Biomass 
Accumulation 

(t/yr) 

Leaf Utter Fall 
(t/yr) 

Community 
Productivity 

(t/yr) 

1 Shoreline Forest 667 3,941 6,383 10,325 

2 Tidal Creek 5,965 67,680 49,927 117,607 

3 Transition 734 3,051 4,052 7,103 

4 Mid Tidal Flat 7,959 36,865 33,667 70,531 

5 High Tidal Flat 892 4,946 4,852 9,798 

6 Hinterland 1,525 9,602 13,024 22,626 

Total Darwin Harbour 126,085 111,905 237,990 
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5.4 DISCUSSION 

5.4.1 Tagged Tree Biomass Accumulation 

The biomass accumulation results indicated that increases in biomass were 

larger within mangrove associations dominated by R. sty!osa than those 

dominated by C. togal. Mangrove productivity can vary greatly and is 

influenced by a number of environmental factors. Clough and Attwill (1982) 

suggest that salinity and climatic factors, solar irradiance and the ratio of 

precipitation to evaporation are key factors regulating mangrove primary 

production. This may explain the difference observed within Darwin Harbour 

where C. togal dominated associations were located within more saline 

environments than those of R. stylosa associations. 

The age and structure of an ecosystem can also affect net primary production. 

For example a young mangrove forest composed of small juvenile trees has a 

high productivity in comparison to an older larger stand, because more energy is 

channelled into growth instead of maintaining tree structure (Starr and Taggart, 

1987). This may also explain the differences recorded, generally the R. stylosa 

trees sampled where much larger and contained greater standing biomass than 

C. toga! trees. Consequently, a similar increase in DBH within both species would 

result in a very different increase in standing biomass with the R. sty!osa trees 

gaining substantially more biomass than that for C. tagal. 

5.4.2 Per Hectare Biomass Accumulation and Productivity 

While no references were found, which reported biomass accumulation, which 

include both above and below ground tree portions, Day et al. (1987) contains 

a brief summary of above ground biomass accumulation rates. 

Production rates were reported to range from 200 to 2100 g/m2/year, Galley et 

al. (1962) estimated above ground production of a Rtiizophora forest in Puerto 

Rico at 307 g/m2/year while dough and Attiwill (1982) have estimated the 

above ground production of Australian Avicennia associations to be 356 

g/m2/year. Other estimates include 200 g/m2/year for Rhizophora in Thailand 

(Christensen, 1978), 2100 g/m2/year for mangrove associations in Florida (Teas, 
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1979) and 1,206 and 772 g/m2/year for riverine and fringe mangrove associations 

in Mexico (Day et al., 1987). The above ground biomass accumulation rates 

calculated within this study fell within the range reported with a minimum of 266 

g/m2/year of above ground production calculated for Transition associations to 

840 g/m/year for Tidal Creek associations. 

Total above ground productivity estimates based on above ground biomass 

accumulation and leaf litter production have also been reported by a number 

of researchers. Day (1987) reports that total above ground net primary 

production can range from a low of 380 g/m2/year for scrub forest (Teas, 1979) 

to 5,475 g/m2/year for a mixed forest (Carter et al., 1973) and reported estimates 

of 2,458 and 1,607 g/m2/year for mangrove associations in Mexico. Putz and 

Chan (1986), reported productivity of a Rhizophora apiculata dominated forest 

in Malaysia to average 1,770 g/m2/year, while Christensen (1978) calculated 

productivity estimates within a Thailand R. apiculata forest at 2,700 g/m2/year. 

As Shoreline Forest and Tidal Creek, associations within this study were also 

dominated by Rhizophora spp. they are perhaps the best associations for 

comparison purposes. Productivity within these associations was estimated at 

1,418 and 1,677 g/m2/year respectively. 

Productivity estimates gained within this study also compare well with estimates 

obtained via different methodologies in other parts of the world. As reported in 

Putz and Chan (1986), Odum et al. (1982) used gas exchange techniques to 

obtain a measure of mangrove productivity in a Rhizophora mangle in Florida. 

Estimates ranged from 15.8 to 46.0 f/ha/year. Light attenuation through 

mangrove forest canopies standardised against leaf pigment assays, was used 

by Bunt et al. (1979) to obtain mangrove productivity estimates ranging from 

11.7 to 19.0 f/ha/year for mangrove forests in Queensland. 

It should be noted that the productivity estimates established within this study 

have been based on biomass accumulations calculated from a limited number 

of tree represented within both years of this study. As such the per hectare 

association estimates do not include trees that have died or new trees which 

have reached DBH values greater than 1 cm. Studies conducted by Putz and 

Chan (1986) conducted within a mangrove association in Malaysia over an 
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extended period have shown that the effect of crowding, species succession, 

and fluctuations in species composition and free mortality greatly affects 

association productivity. In order to gain a more confident estimate of 

mangrove productivity biomass accumulation studies should be conducted 

over extended time frames with tree mortality and regeneration included within 

the calculations. 

5.4.3 Darwin Harbour Productivity 

Darwin Harbour productivity estimates have been limited to the 6 associations 

sampled and do not include Mixed Species Low Woodland, S. alba woodland, 

R. sty/osa low woodland (islands, rocky shores) and Low open-woodland (low 

tidal mudflats). With the exception of S. a/ba woodland these associations 

represent only a limited percentage of the total area covered by mangrove 

within Darwin Harbour, less that 2% when combined. S. a/ba woodland 

associations make up approximately 4.7%. 

The estimates have also been based on the standing biomass increase of 

sample sites based on only the 4 most dominant mangrove species within the 

harbour. As a result, harbour productivity has been under estimated. 
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6.0 CONCLUSIONS AND 

RECOMMENDATIONS 

6.1 PROJECT I 

T
he results of this study have shown that allometric relationships between 

diameter at breast height and portion biomass, (below ground biomass, 

above ground biomass and total tree biomass) exist for the mangrove 

species A. marina, B. exaristata, C. tagal and R. sty/osa within the mangrove 

associations of Darwin Harbour. 

While the four species that formed the focus of this study were the most 

commonly occurring within Darwin Harbour and comprised the largest portion of 

basal area, in order to gain more confident biomass and productivity estimates it 

is recommended that allometric relationships be established for Bruguiera 

parviflora, C. schu/tzii, Aegiceras corniculatum and S. a/ba. 

6.2 PROJECT 2 

Association biomass ranged form 69.63 t/ha for High Tidal Flat associations to as 

high as 267.29 f/ha for Shoreline Forests. The estimates obtained fall within the 

ranges of standing biomass estimates reported other researches. 

Of the six mangrove associations studied Tidal Creek associations contributed 

most significantly to the standing biomass of Darwin Harbour, making up around 

50% or 1,340,715 tonnes of the Harbours estimated, 2,727,638 tonnes. C. tagal 

dominated associations recorded the lowest standing biomass per hectare 

ranging from 69 to 89 tonnes per hectare. 

Standing biomass estimates for Sonneratia associations were not calculated 

within this study as no allometric relationships were developed for this species. 

Sonneratia associations represent approximately 4.7% of the mangrove area 

within Darwin Harbour and while they have a sparse tree density individual trees 
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are expected to contain large standing biomass due to their size and structure. 

It is recommended that studies be undertaken to gain an estimate of Sonneratio 

association standing biomass to allow for assessment of their contribution to 

overall standing biomass, 

Estimates of below ground biomass within this study have been limited to root 

material greater that 1 cm in diameter and contained within a 2 m radius of 

each tree. Fine root material has not been estimated. It is recommended that 

root coring studies be undertaken to establish an estimate of the fine root 

material contained within each of the major mangrove association of Darwin 

Harbour. While it may not be possible to relate fine root material to single trees a 

per hectare estimate could be obtained, through standard root coring methods. 

6.3 PROJECT 3 

Per hectare biomass accumulation was highest within Tidal Creek associations 

where the average recording was 19,716 kg/ha/year. Mid Tidal Flats were found 

to have the lowest accumulation rates. 

Biomass accumulation ranged from 4,157 kg/ha/year for Transition associations 

to 11,346 kg/ha/year for Tidal Creek associations. Leaf litter fall estimates 

reported by Metcalf 1999 ranged from 74% to 162% of biomass accumulation. 

Biomass accumulation and leaf litter fall estimates were combined to obtain 

mangrove productivity estimates, which ranged from 8.9 to 19.7 t/ha/year. Per 

hectare productivity estimates obtained within this study compared well with 

those reported by other researchers. 

The productivity of the mangrove associations within Darwin Harbour was 

equivalent to 237,990 f/year approximately 10% of Harbour standing biomass. Of 

the six associations, studied Tidal Creek Forests contributed most significantly 

making up 50% of the harbour's living material production. While Mid Tidal Flat 

associations had one of the lowest production rates 4,632 per/year they made 

the second greatest contribution to harbour productivity due to their significant 

harbour coverage. 
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The results obtained show that mangrove productivity is not directly equivalent 

to mangrove area. Mangroves are made up of a number of distinct 

communities with different structures and species compositions, which have 

different levels of productivity. 

In order to determine the productivity of a given mangrove area it is necessary 

to calculate the productivity of the individual communities contained within that 

area. 

By combining mangrove association productivity estimates with area estimates 

from mapping studies such as those conducted by Brocklehurst and Edmeades 

(1996a) if is possible to establish productivity estimates of given mangrove areas. 

It should be noted that Darwin Harbour productivity estimates have been limited 

to the 6 associations sampled and do not include all associations. S. alba 

woodland associations make up approximately 4.7%.of the mangrove area of 

Darwin Harbour and it is recommended that further studies be undertaken to 

assess Sonneratia association production. 
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6.4 RECOMMENTATION FOR FUTURE MANAGEMENT 

AND RESEARCH 

In recognition of the significance of mangrove ecosystems, a number of 

legislative and planning frameworks have been developed in the NT to provide 

for the sustainable management of mangrove resources. While these 

mechanisms have been used to manage mangrove areas in the past, it is 

suggested that a more integrated and holistic management approach be 

developed. Drawing on the strengths of existing mechanisms this approach will 

need to incorporate the significant amount of scientific information recently 

collected. 

In order to achieve effective mangrove management it is suggested that the 

following objectives be adopted: 

Protection of 80% of the productivity of mangroves within catchments 

around the NT coastline; 

. Identification of mangrove areas which have specific conservation or 

community values; 

• Utilisation of current legislative mechanisms to conserve mangrove values; 

Ensuring that future coastal development is progressed sustainably; and 

• Continuation of research programs that will ensure that gaps in current 

knowledge base are addressed. 

In order to meet the above objectives the following sections outline 

recommendations for future mangrove management and research in the NT. 

Determine Baseline Productivity 

Base line productivity estimates need to be calculated for the mangrove 

associations within priority mangrove catchments around the NT coastline. This 

will initially involve mapping, each mangrove catchment, to a mangrove 

community level, before utilising productivity estimates developed in earlier 

chapters to calculate catchment mangrove productivity. 

Once obtained these estimates will enable the establishment of an area's 

baseline productivity. It will then be possible to use these productivity estimates 

139 



Conclusions and Recommendations 

to measure the impacts of future coastal development, by assessing the 

cumulative impacts and actual loss of productivity from an area. 

In areas where coastal development has already been progressed (Darwin 

Harbour), aerial photography will be used to determine the area of mangroves 

lost over time. These estimates will then allow for the calculation of productivity 

loss. 

As recommended by the International Union for Conservation of Nature and in 

line with current government policies, 80% of the mangrove productivity within 

these mangrove catchments should be maintained. 

Productivity Monitoring and Reporting System (PMRS) 

In order to maintain 80% of mangrove productivity within major mangrove 

catchments and assess and monitor the impacts of coastal development on 

mangrove productivity, a productivity monitoring and reporting system is 

required. It is suggested that this system be administered by utilising the powers 

of the Controller of Water Resources under the Northern Territory Water Act 1998. 

Under this Act all developments that interfere with a waterway require 

assessment and approval from the Controller of Water Resources, Waterways 

include intertidal mangrove areas and as such, any activity that proposes to 

utilise mangrove areas requires consent. 

The utilisation of these powers will provide government with the ability to assess 

the impacts of proposed development on mangrove productivity in a 

catchment context, as it would be possible to: 

• calculate actual mangrove productivity loss, and 

• determine cumulative effects. 

This information will feed directly into the Environmental Assessment Process 

administered by the Environment Division and the Development Assessment 

Process administered by the Development Assessment Division of the 

Department of Lands, Planning and Environment. 

~-'Vs 
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By assessing and approving all mangrove clearing it would also be possible to 

track the reduction of mangrove productivity as it occurs within each 

catch ment around the NT. It is recommended that a Geographical Information 

System (GIS) be developed within the Natural Resources Division of the DLPE, to 

provide this function. 

Once further scientific studies investigating the indirect effects of development 

on mangrove productivity are conducted, the PMRS would also provide a basis 

for tracking indirect impacts. 

The development of the PMRS will also allow figures to be generated on 

mangrove productivity loss accurately and quickly. This information would prove 

to be useful for answering questions raised by the public concerning the extent 

to which areas of mangroves have been utilised. 

Identify and Conserve Significant Areas. 

In addition to conserving 80% of mangrove productivity within catchments 

around the NT coastline, mangrove community values must also be maintained. 

It is recommended that a data base be developed which identifies mangrove 

areas of significant value from the prespecfives of recreation, tourism, habitat, 

species diversity, development, education, etc. 

The process of identification of mangrove areas of significant value will involve 

an extensive search of current data held by various agencies and community 

organisations. A working group made of scientific, community and government 

representatives should be formulated to assess each mangrove areas value 

before a level of conservation is adopted for each area. 

Existing legislative mechanism should then be utilised to preserve these values. 

The Parks and Wi/d/ife Act for example could be used to declare mangrove 

areas of special conservation value a National Park, Sanctuary or Reserve, while, 

mangrove areas considered valuable or important to a fishery could be 

contained within a declared fisheries management area under the Fisheries Act. 
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The Planning Act should also be utilised to classify "valued areas" with an 

appropriate level of zoning under relevant control plans. For example, under the 

Darwin Control Plan areas found to be significant from an environmental 

perspective could be zoned for conservation, 03, open space, while areas 

highlighted for their development potential should be given a zoning which 

would allow for mangrove clearing and coastal development. 

It is not recommended that all mangrove areas be given a zoning or protection 

under legislation, only those areas that are determined to have a significant 

value or use. The future utilisation of mangrove areas not zoned or protected 

can be management through the current development and environmental 

assessment processes. This process gives the general public, industry and 

government bodies an opportunity to comment on and provide input into the 

proposed future use of these mangrove areas. 

Coordinating Body 

An administrative body should be established to oversee and coordinate 

government's role in providing for the sustainable utilisation of the NT mangrove 

resource. 

In addition to directing the actions required by government to meet the 

necessary requirements for mangrove management the committee should be 

tasked with: 

• assessing the merits of proposed research topics and information gathering 

studies; 

• reviewing funding applications and possible grants to the NTU, and 

• providing up to date information to the general public. 

It is suggested that this body be the current NT Coastal and Marine Ca-

ordination Group. 
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Inform 

A formal education program should be established, to provide the general 

public, tourism industry and other interested groups with up-to-date information 

about mangrove resources and their management. 

It is suggested that a network of mangrove educational sites positioned within 

mangrove areas located near education facilities or along current mangrove 

boardwalk facilities be developed. These sites could then be used to conduct 

field trips and informative talks to school children, teachers, parents, tourism 

operators, etc. School students should also be encouraged to utilise the sites for 

school projects. 

A mangrove educational kit would also be advantageous. Containing stickers, 

posters, fact sheets and other general information about mangroves the kit 

could be given to schools on completion of talks and field trips. 

An informative talk and seminar program should be established. This program 

could feature presentations by government representatives and scientific 

researchers involved in mangrove management issues. The presentations should 

be aimed at schools, community groups, industry and government bodies. 

Written information should also be distributed during these presentations, 

including the results of scientific studies and other research projects published 

reports and mangrove facts sheets. 

Define and Map 

Further mapping of mangrove associations within major mangrove stands 

around the NT coastline needs to be conducted. This mapping should expand 

the mangrove work completed by Brocklehurst and Edmeades (1996), for 

Darwin Harbour, Bynoe Harbour and more recently the Adelaide River 

Catchment. 

Additional mapping will provide a regional picture of mangrove distribution and 

extent, allowing for a more holistic approach to be applied to both mangrove 

research and management. 

F,4"S 
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Fauna Diversity and Abundance 

While projects have been initiated to investigate the abundance and diversity of 

fauna found throughout the mangroves of the NT, it is suggested that funding be 

set aside to support further research in this area. University students enrolled in 

Honours, Masters and PhD programs could undertake these studies. 

Impacts of Coastal Development 

The direct impact of coastal development on mangroves is generally quite easy 

to measure as it involves the total removal of the entire mangrove environment 

from a development site. Indirect impacts of coastal development however, 

can be far less conspicuous and thus harder to assess. They include alterations to 

tidal and freshwater flows, acid sulfate soils, erosion, increases in sediment loads, 

etc. 

In an effort to identify these and other indirect impacts of coastal development 

in the NT, it is suggested that a monitoring program be developed. This 

monitoring program should involve the establishment of monitoring sites within 

mangrove areas that are adjacent to or down stream from, coastal 

developments. These areas should be monitored over time and changes in 

recorded parameters compared with those obtained from control sites. This will 

enable the identification of any indirect impact that is caused by coastal 

development thus providing resources managers with the ability to assess the 

entire consequences of developing an area of mangroves at the planning and 

development assessment stage. 

Status Report 

It is suggested that a mangrove status report be produced to compile and 

summarise the information and results of scientific studies and other mangrove-

related work that has been completed to dale. The collation of this information 

should be used to establish a baseline of mangrove condition and health. 
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6.5 Final Remarks 

Ensuring that the mangrove ecosystems of the Northern Territory are managed 

and used in a way that retains their ecological and community values for the 

future will be a continuing challenge. 

The techniques developed within this research paper to determine mangrove 

productivity along with the estimates established for Darwin Harbour provide 

resource manages with an opportunity to develop holistic management 

approaches which should ensure that the mangrove ecosystem with the NT are 

utilised sustainably. 

While the implementation of the recommendations outlined would be a major 

step towards sustainable mangrove management, further scientific research will 

inevitably lead to a greater appreciation and understanding of these valuable 

ecosystems. Community views and aspirations towards effective and integrated 

mangrove management will also change overtime. 

Accordingly, there will be an ongoing requirement to continually evaluate and 

review the mangrove management initiatives and actions. The principal 

responsibility for the delivery of these reviews will rest with the NT Coastal and 

Marine Coordination Group. The Group will need to ensure that mangrove 

management continues to address emerging issues and reflects community 

needs. 
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Wet Weight Calculations 

Appendix A Table 1: Wet weight recordings for A. marina obtained on site after removal of trees and 
separation into appropriate biomass portions. 22 stems were processed from 11 trees (8 multi and 3 single 
stemmed). Above ground biomass weights were recorded for all 22 stems while below ground weights 
were recorded for 14 stems. 

Tree Location DBH 
Wet Weight (kg) code (cm) 

Leaf Branch Stem 
AG AG Total  BG 

Root Biomass Biomass Biomass 

Av1-A 27.2 19.5 237.3 156.5 * 413.3 

Av1-B 
B. Haven 

11.3 8.2 98.5 65.1 * 171.8 - Site] - 

Av1-C 9.8 7 85.5 56.4 * 148.9 

Av2-A 21.5 9 137.8 132.1 * 278.9 

Av2-B B. Haven 6.7 1 4 19.4 * 24.4 - - 

Av2-C Site 1 5.8 1.9 8.6 16.5 * 27 

Av3-A B. Haven 7.9 4.7 10.3 14.2 * 29.2 32.3 61.5 

Av3-B Site 1 7.1 4.8 9 15.5 * 29.3 29.1 58.4 

Av4 
B. Haven 

9.3 8 33 16.3 * 57.3 27.2 84.5 Site 2 

Av5-A B. Haven 7 3.1 6.1 14.3 * 23.5 

Av5-B Site 2 4.8 1.7 2.5 6.8 * ]] - 

Av6A East Arm 12.5 11.3 50.3 46.8 * 108.4 51.8 160.2 

Av6-B Site 1 1.4 0.16 0.19 0.63 * 0.98 5.8 6.8 

Av7 East Arm 
2.8 0.8 1.2 2.3 * 4.3 3.5 7.8 Site 1 

Av8 
East Arm 

7.5 4.1 14.8 18.6 * 37.5 19.3 56.8 Site 1 

Av9-A East Arm 4 1.6 3.3 3,5 * 8.4 6.4 14.8 

Av9-B Site 1 1.1 0.3 0.4 0.19 * 0.89 1.8 2.7 

Av10-A 39 21.7 643 220 * 884.7 269 1154 

Av10-B 
East Arm 

2.1 0.7 0.5 0.9 * 2.1 14.5 16.6 Site 2 
Av10-C 2.1 0.8 0.7 0.6 * 2.1 13.1 15.2 

Av] 1-A East Arm 14.2 15.2 100.6 47.6 * 163.4 67.6 231 

Av] 1-B Site 2 2.8 0.5 0.6 6.03 * 7.1 13.3 20.5 

pneumatophores were included as part of below ground biomass. 
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Appendix A Table 2: Wet weight recordings for B. exaristata obtained on site after removal of trees and 
separation into appropriate biomass portions. 10 stems were processed from 8 single and 1 multi 
stemmed tree. Above ground biomass weights were recorded for all 10 stems while below ground 
weights were recorded for 9 stems. 

Tree Location DBH 
Wet Weight (kg) code (cm) 

Leaf Branch Stem AG AG Total  BG 
Root* Biomass Biomass Biomass 

B. Haven Bel 9.1 13.2 16.1 18.2 1 .8* 49.3 84.4 133.7 Site 1 

Be2 B. Haven 8.2 9.7 17.5 13.5 1 .6* 42.3 85.1 127.4 Site 1 
B. Haven Be3 

Site 1 6.5 5 4.1 7.6 0.8* 17.5 99.7 117.2 

B. Haven Be4 Site 1 7.7 5.1 8.4 12.1 0.9* 26.5 42.1 68.6 

B. Haven Be5 Site 2 3.1 1.3 0.8 2 0.24* 4.3 4.7 9 

Be6 B. Haven 2.3 0.7 0.3 0.9 0.24* 1.9 6.1 8 Site 2 

Be7-A B. Haven 9.8 7.2 20.4 12.56 1•4* 41.6 62.5 104 

Be7-B Site 2 3.6 1.8 1.7 4.14 0.51* 8.2 23 31.1 

Be8 B. Haven 
1.9 0.5 0.3 0.7 - 1.5 2.8 4.3 Site 2 

Be9 B. Haven 5.2 4 3.5 4.9 2.3* 14.7 - - Site 2 

* knee roots were Included as part of below ground biomass. 

Appendix A Table 3: Wet weight recordings for C. tagal obtained on site after removal of trees and 
separation Into appropriate biomass portions, 12 single stemmed trees were sampled for above ground 
biomass while below ground weights were recorded for 9 stems. 

Tree Location DBH Wet WeIght (kg) code (cm) 

Leaf Branch Stem AG AG Total  BG 
Root Biomass Biomass Biomass 

Ctl  
B. Haven 4.7 1.7 1.6 5.8 0.6 9.7 6.2 15.90 Site 1 

Ct2 
B. Haven 

5.4 3.1 5.1 6.5 0.6 15.3 14.5 29.80 Site 1 
B. Haven Ct3 

Site 2 7.2 4.1 10.2 12.8 0.85 27.9 26.4 54.35 

Ct4 B. Haven 
5.5 1.8 2.9 5.9 0.47 11.1 10.5 21.57 Site 2 

B. Haven Ct5 Site 2 4.6 1 1.4 5.5 0.17 8 4.8 12.87 

Ct6 B. Haven 2.3 0.9 0.5 1.5 0.07 3 2.2 5.17 Site 2 

Ct7 B. Haven 3.6 1.5 1.6 3.7 0.15 7 3 9.95 Site 2 
B. Haven Ct8 

Site 2 1.7 0.3 0.1 0.7 0.53 1.6 - - 

B. Haven Ct9 
Site 2 10.8 10.6 24.7 34.2 11.3 80.8 - - 

B. Haven 
Ctio 

Site 2 8.5 7.8 18.6 17.2 6.3 49.9 - - 

B. Haven Ct1 1 
Site 2 5.2 4.9 6.2 6.2 2.3 19.6 6.6 26.20 

East Arm Ct12 Site 2 7.8 5.3 13.2 13 1.7 33.2 16.7 49.90 
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Appendix A Table 4: Wet weight recordings for R. sfyloso obtained on site after removal of trees and 
separation into appropriate biomass portions. 7 single stemmed trees were sampled for above ground 
biomass while below ground weights were recorded for 6 stems. 

Tree Location DBH 
Wet WeIght (kg) code (cm) 

Leaf Branch Stem 
AG AG Total  BG 

Root Biomass Biomass Biomass 

Rs1 
B. Haven 

6.3 9.4 6.9 8.4 15.1 39.8 30.4 70.2 
Site 1 

Rs2 
B. Haven 

13 18.7 48.7 27.5 83 177.9 141.3 319.2 Site 1 

Rs3 
B. Haven 

13.5 24.1 50.5 48 96.3 218.9 73.8 292.7 
Site 2 

Rs4 
B. Haven 

3.8 2.4 1.4 2.2 4.7 10.7 16.5 27.2 Site 2 

Rs5 
B. Haven 

3.4 1.8 1.3 1.8 3.6 8.5 9.6 18.1 
Site 2 

Rs6 
B. Haven 

8.1 7.8 11.5 19.8 23.6 62.7 - - 

Site 2 

Rs7 
B. Haven 

3.1 1.3 1 1.4 1.9 5.6 3.5 9.1 Site 1 
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Dry Weight Recordings 

Appendix A Table 5: Dry weight recordings for A. marina obtained when water:biomass ratios were 
applied to wet weight measurements. 22 stems were processed from 11 trees (8 mufti and 3 single 
stemmed). Above ground biomass weights were recorded for all 22 stems while below ground weights 
were recorded for 14 stems. 

Tree code Location DBH (cm) Wet Weight (kg) 

Leaf Branch Stem AG AG Total  BG 
Root Biomass Biomass Biomass 

Avl-A 27.2 7.74 148.1 101.3 * 257.1 - 

B. Haven Av 1-B Site 1 11.3 3.22 61.53 42.7 * 106.8 - - 

Av1-C 9.8 2.79 53.36 36.48 * 92.63 - 

Av2-A 21.5 3.47 101.12 86.39 * 191 - 

Av2-B B. Haven 6.7 0.37 2.25 12.13 * 14.9 - 

Av2-C Site 1 5.8 0.71 5.05 10.35 * 16.1 - 

Av3-A B. Haven 7.9 1.79 6.23 8.56 * 16.6 13.18 7.9 

Av3-B Site 1 7.1 1.92 5.20 9.34 * 16.5 11.84 7.1 

Av4 B. Haven 9.3 3.78 19.72 9.47 * 33 12.75 9.3 Site 2 

Av5-A B. Haven 7 1.41 3.79 8.75 * 14 - 

Av5-B Site 2 4.8 0.72 1.41 4.37 * 6.5 
N/S 

- 

Av6-A East Arm 12.5 4.73 28.06 31.33 * 64.1 24.98 12.5 

Av6-B Site 1 1.4 0.08 0.135 0.366 * 0.58 2.8 1.4 

East Arm Av7 Site 1 2.8 0.344 0.689 1.671 * 2.7 1.67 2.8 

East Arm Av8 Site 1 7.5 1.798 8.374 11.02 * 21.2 9.17 7.5 

Av9-A East Arm 4 0.665 1.866 2.1 * 4.6 2.73 4 

Av9-B Site 1 1.1 0.146 0.23 0.107 * 0.48 0.75 1.1 

Av10-A 39 9.526 404.77 145.6 * 560 142.8 702.7 
East Arm Avl0-B Site 2 2.1 0.311 0.289 0.514 * 1.1 7.7 8.8 

Avl0-C 2.1 0.348 0.383 0.365 * 1.1 7.7 8.8 

Av11-A East Arm 14.2 6.56 62.45 31.02 * 100 33.6 133.6 

Av 11-B Site 2 2.8 0.24 0.368 3.85 * 4•5 6.6 11.1 

pneumatophores were Included as part of below ground blomass. 
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Appendix A Table 6: Dry weight recordings for B. exaristata obtained when water:biomass ratios were 
applied to wet weight measurements. 10 stems were processed from 8 single and 1 multi stemmed tree. 
Above ground biomass weights were recorded for all 10 stems while below ground weights were recorded 
for 9 stems. 

Tree 
code 

Location 
DBH 
(cm) 

Wet Weight (kg) 

Leaf Branch Stem AG 
Root 

AG 
Biomass 

Total  BG 
Biomass Biomass 

Bel B. Haven Site 1 9.1 5.1 9.9 12.9 1 .2* 29.1 31 60.1 

Be2 B. Haven Site 1 8.2 3.6 9.8 10.2 1* 24.6 32.9 57.5 

Be3 B. Haven Site 1 6.5 1.97 2.8 6 0.41* 11.2 36.4 47.5 

Be4 B. Haven Site 1 7.7 1.5 5.1 9.3 0.58* 16.6 16.3 32.9 

Be5 B. Haven Site 2 3.1 0.41 0.52 1.4 0.13* 2.4 1.7 4.1 

Be6 B. Haven Site 2 2.3 0.27 0.17 0.59 0.14* 1.2 2 3.2 

Be7-A 

Be7-B 
B. Haven Site 2 

9.8 

3.6 

2.5 

0.65 

14.5 

1 

8.2 

2.7 

0.83* 

0.31* 
26.1 

4.7 

28 

10.3 

54.1 

15 

Be8 B. Haven Site 2 1.9 0.23 0.2 0.47 - 0.9 0.95 1.8 

Be9 B. Haven Site 2 5.2 1.4 2.1 3.2 1 .2* 7.9 - - 

knee roots were included as part of below ground biomass. 

Appendix A Table 7: Dry weight recordings for C. to gal obtained when water:biomass ratios were applied 
to wet weight measurements. 12 single stemmed trees were sampled for above ground biomass while 
below ground weights were recorded for 9 stems. 

Tree 
d 

Location (cm) 
DBH 

Wet WeIght (kg) 

Leaf Branch Stem AG 
Roof 

AG 
Biomass 

BG 
Biomass 

Total 
Biomass 

Ct1 B. Haven Site 1 4.7 0.70 1.1 4.4 0.55 6.7 2.8 9.5 

Ct2 B. Haven Site 1 5.4 1.1 3.4 5.8 0.42 10.7 5.9 16.7 

Ct3 B. Haven Site 2 7.2 1.6 6.8 8.9 0.55 17.8 10.6 28.4 

Ct4 B. Haven Site 2 5.5 0.68 2 4.3 0.33 7.3 4.6 11.9 

Ct5 B. Haven Site 2 4.6 0.32 0.87 4 0.12 5.3 2.2 7.5 

Ct6 B. Haven Site 2 2.3 0.36 0.32 1.2 0.05 1.9 1.1 3.0 

Ct7 B. Haven Site 2 3.6 0.56 0.99 3.3 0.1 4.9 1.4 6.4 

Ct8 B. Haven Site 2 1.7 0.17 0.06 0.53 0.31 1.1 - - 

Ct9 B. Haven Site 2 10.8 3.8 15.3 23.7 7.8 30.7 - - 

Ct10 B. Haven Site 2 8.5 2.9 11.8 12.2 3.9 50.7 - - 

Ctl 1 B. Haven Site 2 5.2 1.7 4.3 4.5 1.7 12.2 3.7 15.9 

Ct12 East Arm Site 2 7.8 2.2 8.7 9.5 1.1 21.5 7.5 28.9 
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Appendix A Table 8: Dry weight recordings for R. slylosa obtained when water:biomoss ratios were applied 
to wet weight measurements. 7 single stemmed trees were sampled for above ground biomass while 
below ground weights were recorded for 6 stems 
Tree 
code Location DBH 

(cm) Wet Weight (kg) 

Leaf Branch Stem AG 
Root 

AG 
Biomass 

Total  BG 
Biomass Biomass 

Rs1 B. Haven Site 1 6.3 3.6 3.9 6 7 20.5 9.4 29.8 

Rs2 B. Haven Site 1 13 7.2 30.9 18.9 39.6 96.5 41 137.5 

Rs3 B. Haven Site 2 13.5 10.2 30.2 35.6 53.3 129.2 22 151.2 

Rs4 B. Haven Site 2 3.8 0.9 0.82 1.8 2 5.6 4.7 10.2 

Rs5 B. Haven Site 2 3.4 0.72 0.72 1.4 1.5 4.3 2.8 7.1 

Rs6 B. Haven Site 2 8.1 3.2 6.9 15 12.5 37.6 - - 

Rs7 B. Haven Site 1 3.1 0.55 0.56 0.89 0.87 2.9 1.3 4.1 
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Appendix B Table : Coefficients of logio allometric relationships between DBH and biomass of tree 
portions (leaf, branch, stem, above ground root, above ground biomass, below ground biomass and Total 
tree biomass) of the species A. marina, Bruguiera exaristata. C. to gal and Rhizophora stylosa. Standard 
and Mean Square errors have also been calculated via ANOVA. 

loglO Allometnc Regressions  

Species Component (kg) CO Cl r2 SE Mean Square 
Avicennia marina n=22 Leaf -1.0414 1.3783 0.887914 0.202989 0.041205 

1.1-39.0cm Branch -1.2132 2.4287 0.939894 0.254586 0.064814 
Stem -0.7742 2.0306 0.941801 0.209245 0.043783 
Above Ground Root * 

Above Ground Biomass -0.5107 2.1131 0.9713 0.150561 0.022668 

n=14 Below Ground Biomass 0.1061 1.1709 0.798 0.267992 0.07182 
1.1-39.0cm TreeBiomass 0.1777 1.5945 0.9416 0.180676 0.032644 

Species Component (kg) CO Cl r2 SE Mean Square 
Bruguiera exaristata n = 10 Leaf -1.1749 1.7597 0.9316 0.130723 0.017089 

1.9-9.8cm Branch -1.5852 2.6892 0.975 0.118118 0.013952 
Stem -0.849 1.978 0.9605 0.10991 0.01208 
Above Ground Root -1.3767 1.4301 0.7304 0.209542 0.043908 
Above Ground Biomass -0.6513 2.1563 0.9871 0.067695 0.004583 

n = 9 Below Ground Biomass -0.5195 2.1495 0.8759 0.237059 0.056197 
1.9-9.8cm TreeBiomass -0.2679 2.15 0.9422 0.156082 0.024362 

Species  Component (kg) CO Cl r2 SE Mean Square 
Ceriops tagal n = 12 Leaf -1.1882 1.6484 0.8364 0.176807 0.031155 

1.7-10.3cm Branch -1.7406 2.9414 0.9438 0.173802 0.030207 
Stem -0.6561 1.8911 0.979 0.067041 0.004494 
Above Ground Root -1.7674 2.1254 0.5693 0.447534 0.200287 
Above Ground Biomass -0.4948 2.0564 0.969 0.088979 0.007917 

n = 9 Below Ground Biomass -0.8003 1.9513 0.8737 0.125556 0.015764 
2.3-7.8cm TreeBiomass -0.2835 1.9534 0.9406 0.083057 0.006898 

Species Component (kg) CO Cl r2 SE Mean Square 
Rhizophorastylosa n = 6 Leaf -1.111 1.846 0.966 0.102118 0.010428 

3-13.5cm Branch -1.6435 2.7761 0.9976 0.039913 0.001593 
Stem -1.0817 2.286 0.9658 0.126861 0.016094 
Above Ground Root -1.257 2.606 0.9946 0.05674 0.003219 
Above Ground Biomass -0.6975 2.4661 0.9959 0.046563 0.002168 

n = 5 Below Ground Biomass -0.5827 1.8602 0.9154 0.183181 0.033555 
3- 13.5 cm Tree Biomass -0.3955 2.2906 0.9903 0.073391 0.005386 
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Avicennia marina 

Independent Variable: loge (DBHOB (cm) 

Dependent Variable: loge (leaf dry weight (kg)) 

Regression Statistics 
Multiple R 0.942292 
R Square I 0.8879141 
Adjusted R SquE 0.88231 
Standard Error I 0.46741 
Observations 22 

ANOVA 
df SS MS F ignificance F 

Regression 1 34.61219 34.61219 158.4351 5.82E-11 
Residual 20 4.3692571_0.2184631 
Total 21 38.98145 

Coefficientsandard Em_tStatP-valueLower 95% Upper 95%.ower 95.01pper 95.004 
Intercept -2.39788 0.225884 -10.61553 1.15E-09 -2.869066 -1.926694 -2.869066 -1.926694 
X Variable 1 _1.378276_0.10949912.58715.82E-111.1498651.6066881.1498651.606688 

Dependent Variable: loge (branch dry weight (kg)) 

Regression Statistics 
Multiple R 0.969481 
R Square I_0.9398941 
Adjusted R Squ0.936889 
Standard Error I_0.5862051 
Observations 22 

UaSemll 
df SS MS F ignificance F 

Regression 1 107.4714107.4714 312.7473 1.12E-13 
Residual 20 6.8727281 0.3436361 
Total 21114.3441 

Goefflcientsandard Err t Stat P-value Lower 95% Upper 95%.ower 95.0°,Jpper 95.0 
Intercept -2.793519 0.2833 -9.860638 4E-09 -3.384472 -2.202566 -3.384472 -2.202566 
XVariablel 1 2.42866810.137332 17.68466 1.12E-13 2.142199 2.715137 2.142199 2.715137 

Dependent Variable: loge (stem dry weight (kg)) 

Regression Statistics 
Multiple R 0.970464 
RSquare I 0.9418011 
Adjusted R Squz 0.938891 
Standard Error I 0.4818051 
Observations 22 

AN OVA 
of SS MS F ignificanceF 

Regression 1 75.12983 75.12983 323.6463 8.07E-14 
Residual 20 4.6427121_0.2321361 
Total 21 79.77254 

CoefticientsandardEm_tStatP-valueLower95% Upper 95%,ower 95.01pper95.0 
Intercept - 1.7825781 0.232846 -7.655622 2.28E-07 -2.268285 -1.296871 -2.268285 -1.296871 
XVariable 1 1 2.03061710.112874 17.99017 8.07E-14 1.795167 2.266067 1.795167 2.266067 

LOGe ANOVA 



APPENDIX 

Dependent Variable, loge (above ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.985547 
R Square I 0.9713031 
Adjusted R Sqw 0.969868 
Standard Error I 0.3466781 
Observations 22 

ANOVA 
df SS MS F ignificance F 

Regression 1 81.35928 81.35928 676.9448 6.76E-17 
Residual 20 2.403721_0.1201861 
Total 2183.763 

CoefficientsandardErr_ tStat P-value Lower95% Upper 95%.ower 95.01pper 95.09yc 
Intercept 0.167542 -7.018972 8.27E-07 -1.52546 -0.826487 -1.52546 -0.826487 
XVariablel 

1 -1.1759731  
_2.113126 _0.081217 26.01816 6.76E-17 1.9437092.282542 1.9437092.282542 

Dependent Variable: loge (below ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.89333 
RSquare I_0.798039 
Adjusted R Squ0.781209 
Standard Error I_0.6170741 
Observations 14 

ANOVA 

df SS MS F ignificanceF 
Regression 1 18.0556818.05568 47.4175 1.68E-05 
Residual 12 4.569371 0.3807811 
Total 13 22.62504 

Coefficientsandard Em t Stat P-value Lower 95% Upper 95%.ower 95.01pper 95.0 
Intercept 0.244295 0.318926 0.765993 0.458483 -0.450585 0.939175 -0.450585 0.939175 
X Variable l 1  1.170869 0.170035 6.886037 1.68E-05 0.800394 1.541344 0.800394 1.541344 

Dependent Variable: loge (total tree dry weight (kg)) 

Regression Statistics 
Multiple R 0.97036 
RSquare r 0.9415981 
Adjusted R SquE 0.936731 
Standard Error I 0.4160231 
Observations 14 

ANOVA 
df SS MS F ignificance F 

Regression 1 33.48509 33.48509 193.4718 9.18E-09 
Residual 12 2.0768981_0.1730751 
Total 13 35.56199 

UoetticientsandardEmtStatP-valueLower 95% Upper 95%.ower 95.0/pper 95.O 
Intercept 0.409118 0.215015 1.902738 0.081338 -0.05936 0.877596 -0.05936 0.877596 
X Variable l 1  1.59451 0.114635 13.90941 9.18E-09 1.344741 1.844279 1.344741 1.844279 

LOGe ANOVA 



Bruguiera exaristata APPENDIX 

Independent Variable: loge (DBHOB (cm) 

Dependent Variable: loge (leaf dry weight (kg)) 

Regression Statistics 
Multiple R 0.965198 
RSquare I 0.9316071 
Adjusted R Sqw 0.923058 
Standard Error I 0.3010011 
Observations 10 

AN OVA 
df SS MS F ignificance F 

Regression 1 9.8729839.872983 108.9714 6.15E-06 
Residual 8 0.7248131 0.0906021 
Total 9 10.5978 

Coefficientsandard Err t Stat P-value Lower 95% Upper 95%.ower 95.01pper 95.0 
Intercept -2.705407 0.286709 -9.436063 1.31E-05 -3.36656 -2.044254 -3.36656 -2.044254 
XVariable 1 1 1.759701 0.168571 10.43894 6.15E-06 1.370976 2.148426 1.370976 2.148426 

Dependent Variable: loge (branch dry weight (kg)) 

Regression Statistics 
Multiple R 0.98741 
R Square r 0.9749781 
Adjusted R Squ 0.97185 
Standard Error I 0.2719761 
Observations 10 

ANOVA 
df SS MS F ignificance F 

Regression 1 23.05815 23.05815 311.7194 1.08E-07 
Residual 8 0.5917671_0.0739711 
Total 9 23.64992 

CoefficientsandardErr_t Stat P-value Lower 95% Upper 95%.ower95.01pper95.09yc 
Intercept 1 -3.6499671  0.259062 -14.08915 6.26E-07 -4.247367 -3.052568 -4.247367 -3.052568 
XVariablel 2.689224 0.152316 17.65558 1.08E-07 2.337982 3.040465 2.337982 3.040465 

Dependent Variable: loge (stem dry weight (kg)) 

Regression Statistics 
Multiple R 0.980075 
R Square I_0.960547 
Adjusted R Sqw0.955616 
Standard Error 0.2530781 
Observations 10 

df SS MS F ignificance F 
Regression 1 12.4749912.47499 194.7742 6.73E-07 
Residual 8 0.5123881 0.0640481 
Total 9 12.98737 

Coefficientsandard Ern t Stat P-value Lower 95% Upper 95%.ower 95.0°,Jpper 95.0°/ 
Intercept -1.95491 0.241062 -8.109583 3.96E-05 -2.510799 -1.39902 -2.510799 -1.39902 
XVariable 1 1.978038 0.141732 13.95615 6.73E-07 1.651203 2.304874 1.651203 2.304874 

LOGe ANOVA 



APPENDiX 
Dependent Variable: loge (above ground root dry weight (kg)) 

Regression Statistics 
Multiple R 0.854666 
R Square I 0.7304551 
Adjusted R Squ 0.691948 
Standard Error I 0.4824891 
Observations 9 

df SS MS F ignificance F 
Regression 1 4.416048 4.416048 18.96967 0.003333 
Residual 7 1.6295661_0.2327951 
Total 8 6.045614 

CoefficientsandardErr_tStatP-valueLower 95% Upper 95%.ower 95.01pper 95.09/c 
Intercept -3.169981 0.584494 -5.42346 0.000983 -4.552089 -1.787873 -4.552089 -1.787873 
X Variable 1 _1.430167_0.3283654.3554190.0033330.6537082.2066270.6537082.206627 

Dependent Variable: loge (above ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.993508 
RSquare I_0.9870581 
Adjusted R Squ0.985441 
Standard Error I_0.1558731 
Observations 10 

AN OVA 
df SS MS F ignificance F 

Regression 1 14.8245214.82452 610.154 7.71E-09 
Residual 8 0.1943711 0.0242961 
Total 9 15.0189 

,ower 95. O°ilpper 95. 0°4 
Intercept -1.499717 0.148472 -10.10101 7.87E-06 -1.842094 -1.15734 -1.842094 -1.15734 
XVariable 1 1 2.15628 0.087294 24.7013 7.71E-09 1.954979 2.357581 1.954979 2.357581 

Dependent Variable: loge (below ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.935899 
RSquare r 0.8759071 
Adjusted R Squc 0.858179 
Standard Error I 0.5458491 
Observations 9 

AN OVA 
df SS MS F ignificance F 

Regression 1 14.72152 14.72152 49.40921 0.000206 
Residual 7 2.085656 0.297951 
Total 8 16.80717 

Coefficientsandard Em t Stat P-value Lower 95% Upper 95%,ower 95.01pper 95.09 
Intercept -1.196087 0.521852 -2.292005 0.055643 -2.430069 0.037896 -2.430069 0.037896 
XVariablel 1 2.1495110.305799 7.029169 0.000206 1.426412 2.872609 1.426412 2.872609 

LOGe ANOVA 



Dependent Variable: loge (total tree dry weight (kg)) APPENDIX 

Regression Statistics 
Multiple R 0.970651 
RSquare r 0.942162 
Adjusted R Squ 0.9339 
Standard Error I 0.3593921 
Observations 9 

ANOVA 
df SS MS F ignificance F 

Regression 1 14.72824 14.72824 114.0287 1.39E-05 
Residual 7 0.9041381_0.1291631 
Total 8 15.63238 

Coefficientsandard Err t Stat P-value Lower 95% Upper 95%.ower 95.0°,lprjer 95.0°A 
Intercept -0.616872 0.343592 -1.795362 0.115667 -1.429338 0.195593 -1.429338 0.195593 
XVariable 1 1 2.15000110.201341 10.67842 1.39E-05 1.673906 2.626096 1.673906 2.626096 

LOGe ANOVA 



Ceriops tagal APPENDIX 

Independent Variable: loge (DBHOB (cm) 

Dependent Variable: loge (leaf dry weight (kg)) 

Regression Statistics 
Multiple R 0.914536 
R Square r 0.8363761 
Adjusted R Squ 0.820014 
Standard Error I 0.4064221 
Observations 12 

ANOVA 
df SS MS F ignificanceF 

Regression 1 8.443269 8.443269 51.1159 3.11E-05 

Residual 10 1.6517891_0.1651791 
Total 11 10.09506 

Coefficients.andardErr_t Stat P-value Lower 95% Upper 95%.ower 95.0/pper 95.09v, 
Intercept -2735981 0.389035 -7.032737 3.57E-05 -3.602805 -1.869157 -3.602805 -1.869157 
X Variable l _1.648376_0.2305577.1495393.11E-051.1346632.1620891.1346632.162089 

Dependent Variable: loge (branch dry weight (kg)) 

Regression Statistics 
Multiple R 0.971482 
RSquare I_0.9437771 
Adjusted R Squ0.938155 
Standard Error 0.4001931 
Observations 12 

df SS MS F 
. 
ignificance F 

Regression 1 26.8841526.88415 167.8639 1.42E-07 

Residual 10 1.6015441 0.1601541 
Total 11 28.48569 

Goefficientsandard Err, t Stat P-value Lower 95% Upper 95%.ower 95.01pper 95.0 
Intercept r,.. 07793 0.383072 -10.46224 1.05E-06 -4.861332 -3.154255 -4.861332 -3.154255 
XVariable 1 41366 0.227023 12.95623 1.42E-07 2.435527 3.447206 2.435527 3.447206 

Dependent Variable: loge (stem dry weight (kg)) 

Regression Statistics 
Multiple R 0.989448 
R Square I 0.979007 
Adjusted R Sqw 0.976908 
Standard Error I 0.1543671 
Observations 12 

ANOVA 

df SS MS F ignificance F 
Regression 1 11.11266 11.11266 466.3461 1.01E-09 

Residual 10 0.23829210.0238291 

Total 11 11.35096 

Coefficientsandard Em f Stat P-value Lower 95% UDDer 95% .ower 95. O°)JDDer 95. O°A 
Intercept -1.510743 0.147763 -10.22409 1.3E-06 -1.83998 -1.181507 -1.83998 -1.181507 
XVariable 1 1 1.89108110.08757 21.59505 1.01E-09 1.695962 2.086199 1.695962 2.086199 

LOGe ANOVA 



Dependent VaiabIe. loge (above ground root dry weight (kg)) 
APPENDIX 

Regression Statistics 
Multiple R 0.754533 
RSquare F 0.569321 
Adjusted R Sqw 0.526253 
Standard Error 1.0304851 
Observations 12 

ANOVA 
df SS MS F ignificance F 

Regression 1 14.03738 14.03738 13.21913 0.004568 
Residual 10 10.6189911.0618991 
Total 11 24.65637 

CoefficientsandardErr_t Stat P-value Lower 95% Upper 95%,ower 95.01pper 95.09,c' 
Intercept 1 -4.0696741 0.9864 -4.125787 0.002058 -6.26751 -1.871839 -6.26751 -1.871839 
XVariable1 _2.125416_0.5845783.6358130.0045680.8228953.4279380.8228953.427938 

Dependent Variable: loge (above ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.984401 
R Square I_0.9690461 
Adjusted R Squ0.96595 
Standard Error I_0.204881! 
Observations 12 

ANOVA 
df SS MS F ignificance F 

Regression 1 13.1410213.14102 313.0577 7.09E-09 

Residual 10 0.4197631  0.041976 
Total 11 13.56078 

Coefficient.sandard Em t Stat P-value Lower 95% UDDer 95% .ower 95. O°,Jer 95. O° 
Intercept -1.139367 0.196116 -5.80965 0.000171 -1.576341 -0.702393 -1.576341 -0.702393 
XVariablel 1 2.056437 0.116226 17.69344 7.09E-09 1.797469 2.315405 1.797469 2.315405 

Dependent Variable: loge (below ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.934726 
RSquare I 0.8737121 
Adjusted R Squz 0.855671 
Standard Error 0.28910 
Observations 9 

ANOVA 

df SS MS F ignificanceF 
Regression 1 4.047718 4.047718 48.42892 0.000219 
Residual 7 0.5850641 0.0835811 
Total 8 4.632782 

Coefficientsandard Err t Stat P-value Lower 95% Upper 95%.ower 95.01pper 95.09yc 
Intercept -1.842663 

1 1.9512751  
0.45446 -4.054622 0.004842 -2.917289 -0.768037 -2.917289 -0.768037 

XVariable 1 0.280392 6.959089 0.000219 1.288253 2.614297 1.288253 2.614297 

LOGe ANOVA 



Dependent Variable: loge (total tree dry weight (kg)) APPENDIX 

Regression Statistics 
Multiple R 0.969862 
R Square r 0.9406331 
Adjusted R SquE 0.932152 
Standard Error I 0.1912451 
Observations 9 

AN OVA 
of SS MS F ignificance F 

Regression 1 4.056509 4.056509 110.9106 1.52E-05 
Residual 7 0.2560221_0.0365751 
Total 8 4.312531 

CoefficientsandardEm_tStatP-valueLower 95% Upper 95%.ower 95.01pper 95.0 
Intercept -0.652863 0.30063 -2.171649 0.066455 -1.36374 0.058014 -1.36374 0.058014 
X Variat 1  1.953393 0.185483 10.53141 1.52E-05 1.514797 2.391989 1.514797 2.391989 

LOGe ANOVA 



Rhizophora stylosa APPENDIX 

Independent Variable: loge (DBHOB (cm) 

Dependent Variable: loge (leaf dry weight (kg)) 

Regression Statistics 
Multiple R 0.982864 
R Square LQ9660221 
Adjusted R Sqw 0.959227 
Standard Error 0.2351361 
Observations 7 

ANOVA 
df SS MS F ignificance F 

Regression 1 7.85958 7.85958 142.1551 7.31E-05 
Residual 5 0.2764441_0.0552891 
Total 6 8.136024 

Coet1icientsandardErr_tStatP-valueLower 95% Upper 95%.ower 95.01pper 95.0 
Intercept -2.558165 0.29653 -8.62699 0.000345 -3.320419 -1.79591 -3.320419 -1.79591 
XVariablel 1 1.84600310.154829 11.92288 7.31E-05 1.448004 2.244002 1.448004 2.244002 

Dependent Variable: loge (branch dry weight (kg)) 

Regression Statistics 
Multiple R 0.998814 
R Square I_0.99763 
Adjusted R Squ0.997156 
Standard Error 0.0919031 
Observations 7 

ANOVA 
df SS MS F ignificance F 

Regression 1 17.7746917.77469 2104.463 9.29E-08 
Residual 5 0.0422311 0.0084461 
Total 6 17.81692 

Coefficientsandard Err, t Stat P-value Lower 95% Upper 95%.ower 95.O°,Jpper 95.O°A 
Intercept 1 -3.7841941  0.115899 -32.65068 5.06E-07 -4.082122 -3.486266 -4.082122 -3.486266 
XVariable 1 2.776091 0.060515 45.87443 9.29E-08 2.620533 2.93165 2.620533 2.93165 

Dependent Variable: loge (stem dry weight (kg)) 

Regression Statistics 
Multiple R 0.982758 
R Square I 0.9658121 
Adjusted R Squz 0.958975 
Standard Error 0.2921091 
Observations -- 7 

ANOVA 
df SS MS F ignificance F 

Regression 1 12.05273 12.05273 141.2523 7.43E-05 
Residual 5 0.4266381_0.0853281 
Total 6 12.47936 

CoefficientsandardErr_tStatP-valueLower95% Upper 95%.ower 95.01pper 95.09,, 
Intercept -2.490626 0.36838 -6.76103 0.001075 -3.437575 -1.543678 -3.437575 -1.543678 
X Variable l 1 2,2859961 0.192344 11.88496 7.43E-05 1.791561 2.78043 1.791561 2.78043 

LOGe ANOVA 



Dependent Variable: loge (above ground root dry weight (kg)) 
APEEN DIX 

Regression Statistics 
Multiple R 0.997287 
RSquare I 0.9945811 
Adjusted R Sqw 0.993497 
Standard Error I 0.1306491 
Observations 7 

ANOVA 
df SS MS F ignificance F 

Regression 1 15.66305 15.66305 917.6264 7.35E-07 
Residual 5 0.0853451_0.0170691 
Total 6 15.7484 

CoefficientsandardErr_t Stat P-value Lower 95% Upper95%.ower95.OJpper 95_09v, 
Intercept -2.894249 0.164762 -17.56628 1.1E-05 -3.317781 -2.470716 -3.317781 -2.470716 
X Variable 1 _2.605979_0.08602830.292357.35E-072.3848392.827122.3848392.82712 

Dependent Variable: loge (above ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.997957 
RSquare I_0.9959191 
Adjusted R Squ0.995103 
Standard Error f_0.1072151 
Observations 7 

WE 
df SS MS F ignificance F 

Regression 1 14.0265514.02655 1220.223 3.62E-07 
Residual 5 0.0574751  0.0114951 
Total 6 14.08403 

Coefficientsandard Em t Stat P-value Lower 95% UDDer 95%.ower 95.09JDDer 95.09,, 
Intercept -1.606153 0.135209 -11.87901 7.45E-05 -1.953719 -1.258587 -1.953719 -1.258587 
X Variable 1 2.466086 0.070597 34.93168 3.62E-07 2.28461 2.647562 2.28461 2.647562 

Dependent Variable: loge (below ground dry weight (kg)) 

Regression Statistics 
Multiple R 0.956756 
RSquare 0.915382 
Adjusted R Squ 0.894228 
Standard Error 0.421791 
Observations 6 

AN OVA 
df SS MS F ignificance F 

Regression 1 7.6982667.698266 43.27143 0.002765 
Residual 4 0.7116261 0.1779061 
Total 5 8.409892 

Coefficientsandard Err t Stat P-value Lower 95% Upper 95%.ower 95.091pper 95.0°A 
Intercept -1.341624 0.532823 -2.517954 0.065499 -2.820981 0.137733 -2.820981 0.137733 
XVariable 1 1.86022 0.28279 6.578102 0.002765 1.075068 2.645372 1.075068 2.645372 

LOGe ANOVA 



APPENDIX 

Dependent Variable: loge (total tree dry weight (kg)) 

Regression Statistics 
Multiple R 0.995142 
R Square I 0.9903091 
Adjusted R Sqw 0.987886 
Standard Error I 0.1689881 
Observations 6 

ANOVA 
df SS MS F ignificance F 

Regression 1 11.67224 11.67224 408.7354 3.53E-05 
Residual 4 0.1142281_0.0285571 
Total 5 11.78647 

Coefficientsandard Em t Stat P-value Lower 95%UDDer 95%.ower 95.01DDer 95.O°A 
Intercept -0.910716 0.213473 -4.266187 0.012989 -1.503414 -0.318019 -1.503414 -0.318019 
XVariable 1 1 2.29057710.113298 20.21721 3.53E-05 1.97601 2.605145 1.97601 2.605145 

LOGe ANOVA 


