
Australian Mangrove and  
Saltmarsh Network Conference

‘Mangroves and Saltmarsh – the Urban Survivors’

Macquarie University and Sydney Olympic Park Authority
Tuesday 17 — Friday 20 April 2018



2018 Australian Mangrove and Saltmarsh Network Conference, Abstract Booklet, April 2018 

1 

 

Introduction 

Our coastal wetlands face challenges on many fronts. Pollution, urban encroachment, climate 
change and sea level rise all pose a threat to the ecological sustainability of seagrass, saltmarsh, 
mangroves, sedgelands and other habitats associated with estuaries and coastal environments. 

Some of these wetlands are thriving, or at least surviving, in the face of these challenges associated 
with life in and around our cities. An understanding of how urban coastal and estuarine wetlands 
survive will be critical to the development of strategic conservation management in the future. 

With a theme of ‘mangroves and saltmarsh – the urban survivors’, the Australian Mangrove and 
Saltmarsh Network conference brings together coastal and estuarine wetland researchers, policy 
makers, academics, students, consultants, local government wetland managers, community 
advocates, citizen scientists and traditional owners of the lands to share the latest information and 
‘on ground’ experiences. 

With over 50 formal presentations, the conference will highlight the importance of unique 
ecosystems found in mangrove and saltmarsh communities and how they are being managed, both 
here in around Australia, and in other countries. Collaboration will be key to the success of future 
research, conservation and rehabilitation of coastal wetlands, especially in the urban setting, and we 
expect all delegates to leave this conference with fresh ideas and new perspectives. 

This conference provides many formal and informal networking opportunities and we hope you have 
the chance to engage with many of the current and future leaders in the field of coastal wetlands 
research and management, giving you a chance to network and form collaborative partnerships to 
benefit your organisation or institute into the future. We look forward to hearing of collaborative 
research projects at future meetings that might be starting with conversations at this meeting. 

The Australian Mangrove and Saltmarsh Network is an informal and independent network of people 
and organisations concerned about mangrove and saltmarsh tidal wetland habitats around Australia 
and elsewhere including professional researchers, managers, industry officers and environmental 
consultants, as well as community enthusiasts. We encourage all delegates to help promote the 
initiative amongst their existing professional networks to ensure its future success. 

 

Thank you. 

The 2018 Australian Mangrove and Saltmarsh Network Conference Organising Committee 
 

Name Role Affiliation 

Emeritus Prof Colin  Chair University of Technology Sydney 

Cameron Webb Secretary University of Sydney & NSW Health Pathology  

Swapan Paul Treasurer Sydney Olympic Park Authority &  

Norm Duke Member James Cook University 

Prof Neil Saintilan Member Macquarie University 

Prof Max Finlayson Member Charles Sturt University 

Robert Williams Member NSW Fisheries (Retired) 

Bec Dodd Member Macquarie University 
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Invited speakers 

 

 

Professor Marilyn C. Ball FAA (The Australian National University) 
Marilyn Ball received a PhD in Environmental Biology from the 
Australian National University in 1982. She held postdoctoral 
positions at the University of California, Berkeley (1981-1984) and 
the ANU North Australia Research Unit in Darwin (1985-1988), and 
an ARC National Research Fellowship in 1989. Since 1990, she has 
led an eco-physiological research group at the ANU in studies aimed 
at linking physiological mechanisms of stress tolerance with larger 
scale patterns in whole plant structure and function along complex 
environmental gradients. She works mainly on field-based studies of 
salinity and aridity tolerance in mangrove systems. In 2007, she 
became the first woman to receive the lifetime Honorary Member 
Award from the Ecological Society of America for distinguished 
achievement in ecological research, and was elected to the 
Australian Academy of Science in 2009. 
 
 
 

 

Dr. Ken W. Krauss (U.S. Geological Survey) 
Dr. Ken W. Krauss is a Research Ecologist (Eco-physiologist) for the 
U.S. Geological Survey at the Wetland and Aquatic Research Centre 
in Lafayette, Louisiana, USA. Ken’s current research makes use of a 
mix of eco-physiological techniques, including sap flow and 
ecosystem-scale gas exchange, to assess the impacts of 
environmental change in mangroves (Pacific islands, southern US), 
tidal freshwater forested wetlands (southeastern US), and marsh, 
and how humans influence the capacity of coastal wetlands to 
respond to change. Ken maintains a number of projects that focus on 
determining whole-tree physiological stress with flooding and 
saltwater intrusion under field settings, and the consequences of 
that stress on the capacity of stands to influence local water cycling 
in different types of tidal forested wetlands. Ken also focuses on the 
vulnerability of natural and restored tidal wetlands to sea-level rise, 
and on how science can inform management of wetlands within the 
coastal zone. Dr. Krauss and his collaborators recently completed the 
first full carbon budgets for tidal freshwater forested wetlands and 
oligohaline marshes in the southeastern US, and he is active in the 
restoration assessment community in south Florida where many 
tidal restoration projects are underway. Ken has active research 
projects throughout the southeastern US, Micronesia, New 
Caledonia, Singapore, and China.   
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Peggy Svoboda (NSW Local Land Services – Hunter) 
Peggy has had extensive experience managing coastal wetlands. 
After completing a BSc in Wildlife Biology (Colorado State University, 
Fort Collins, Colorado, USA), she went on to complete a MSc Biology 
(Fort Hays State University, Kansas USA) researching the genetics 
and natural history of a bat colony (Tadarida brasiliensis) in San Luis 
Valley, Colorado USA. After many years conducting flora and fauna 
surveys for Colorado Division of Wildlife and US Fish & Wildlife 
Service in Rocky Mountain and southwestern states of USA, Peggy 
moved to Australia to take on the position of Project Manager for 
the Kooragang Wetland Rehabilitation Project and Senior Land 
Services Officer focussing on estuaries and floodplain and riparian 
restoration. The Lower Hunter estuary contains extensive wetlands 
and given the history of modification of the landscape within the 
catchment due to agriculture and increasing urbanisation, there are 
many challenges faced by local authorities. 
 
 
 

 

 

Professor Paul Boon (Melbourne University) 

Paul Boon is a Professor in the Institute for Sustainability and 
Innovation at Victoria University, Melbourne, and has published 
extensively on aquatic ecology and management. He is an Associate 
Editor of the journals Marine and Freshwater Research and Pacific 
Conservation Biology, a past President of the Australian Society for 
Limnology, and serves on numerous science advisory committees. 
The Hawkesbury stole his heart as a boy; he spent his childhood and 
adolescence on the river and conducted field studies for his 
BSc(Hons) project on mangroves at Brooklyn. He has recently written 
“The Hawkesbury River: A Social and Natural History” 
[http://www.publish.csiro.au/book/6391], a definitive account of the 
natural history of the Hawkesbury River and the pivotal role it has 
played in history. 
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About the conference logo 

 

Artist: Dr Ben Gooden, November 2017 

Artwork title: Urban mangrove menagerie 

Media: Silk cut lino acrylic print, with watercolour 

Edition: 1/10 (print), 1/1 (print with watercolour)  

Mangroves and tidal saltmarshes are urban survivors, and provide important habitats for wildlife 
and ecosystem services along disturbed coasts, despite the considerable threats to their persistence 
and function. My inspiration for this image came during a stroll along the southern shoreline of Lake 
Illawarra one Sunday afternoon several months ago, a week after a storm and spring tidal surge had 
battered the coast. The shore was lined with patchy, muddy swathes of Sarcoconia and Samolus, 
draped with mangled Zostera shoots. Avicenna recruits nodded about tufts of Juncus, covered with 
Ophicardelus snails. Mullet shivered through the shallows, stirred up by ibis and stilted waders. 
Pillows of Casuarina needles and seagrass wrack were heaped up along the landward margin of the 
saltmarsh...… and, despite this, there were signs of struggle: empty, bleached Phallomedusa shells, 
caked with silt and grease; a cement stormwater drain emptying a yellow-brown sludge into an oil-
slicked pool, lined with skeletons of Suaeda; a lawnmower whirring in the background, shearing 
kikuyu turf down to the edge of the marsh, and then pushing into it to give residents easier access to 
their boat moored on the lake; piles of bottles, tyres, plastic jetsam; a burnt-out car with ruts cut 
deep into the silt. The critical aim of managers is certainly to conserve these ecosystems; but how 
best to do so amidst human activity, development and increasingly rapid urban sprawl across our 
coastlines? 
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Scientific Program 

Tuesday 17 April 2018, Macquarie University, MAZE Level 3, 18 Wally's Walk 

Start Finish Scientific Program Presenter 

830 900 Registration with tea/coffee  

  1a. Opening Session [Chair: Neil Saintilan]  

900 930 Introductions, welcome to country and housekeeping (inc official conference opening by Prof Lesley Hughes)  

930 1000 Plenary lecture: Top-down rehydration: Photosynthetic carbon gain of arid climate mangroves depends on 
nocturnal humidity. 

Marilyn Ball   

1000 1030 The role of upper estuarine tidal forests and marshes in Blue Carbon storage (Atlantic Coast, USA) Ken Krauss 

1030 1100 Morning tea  

  1b. Session: Urban mangroves and their management [Chair Norm Duke]  

1100 1110 A strategic approach to managing marine vegetation in the marine estate Patrick Dwyer 

1110 1120 Marine spatial planning and ecosystem-based management Hugh Kirkman  

1120 1130 Reducing the loss of marine plants from urbanisation in Queensland Sarah Cosgrove 

1130 1140 Lost in the greymarsh Jon Knight 

1140 1150 Can mangroves and their ecosystem services hang on in urban Singapore? Dan Friess 

1150 1200 Mangrove and saltmarsh response in Lake Illawarra from a permanent opening – Implications for management Danny Wieck 

1200 1210 Urban mosquito hazards: a failure of planning or just an oversight? Pat Dale 

1210 1220 What factors influence the mosquito populations and mosquito-borne disease risk of urban mangroves in 
Sydney, NSW? 

Cameron Webb 

1220 1230 Questions and discussion  

1230 1330 Lunch break  

  1c. Session: Mangrove dieback [Chair: Swapan Paul]  

1330 1340 Mass mangrove dieback in the Gulf – 2 years on! Norm Duke 

1340 1350 Significant decline in mangrove condition in Shark Bay Marine Park Kevin Bancroft 

1350 1400 Gulf of Carpentaria mangrove dieback assessment and monitoring Arnon Accad 

1400 1410 The vulnerability of arid zone coastal wetlands to sea level rise Catherine Lovelock 

1410 1420 Traditional Owner management of mangroves in the southern Gulf of Carpentaria Phillip George 

1410 1430 Questions and discussion  

1430 1500 Afternoon Tea  
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  1d. Mangrove dynamics and their management [Chair: Kerrylee Rogers]  

1500 1520 Invited speaker: Mangroves and saltmarsh: a tale of two vegetation types in the Hunter River estuary Peggy Svoboda 

1520 1530 A new approach to monitoring mangrove change in Australia Emma Asbridge 

1530 1540 Darwin city’s largest asset – mangroves facing a rising tide in the Top End Madelline Goddard 

1540 1550 Dynamics in mangrove cover and the role of climate Sharyn Hickey 

1550 1600 Consecutive severe flood events dramatically alter estuarine shoreline mangrove habitats with implications for 
future mangrove management in a changing climate. 

Jock MacKenzie 

1600 1610 Questions and discussion  

  1e. Session: Mangroves and their sediments [Chair: Catherine Lovelock]  

1610 1620 Sea-level change and mangrove shorelines: from monitoring to millennia Kerrylee Rogers 

1620 1630 Rooted in mud but suspended in time – old grey mangrove cable roots convey messages of past conditions.  Ralph Dowling 

1630 1640 The dynamics of expanding mangroves in New Zealand Erik Horstman 

1640 1650 At the interface: Investigating the soil organic carbon in South Australian mangrove and tidal saltmarsh soils Christina Asanopoulos 

1650 1700 Phragmites australis, salinity and the shorelines of the Gippsland Lakes: an answer to a 50-year old riddle? Paul Boon 

1700 1715 Questions and discussion  

    

1715 1730 Closing comments  

    

1730  Mangrove dieback working group meeting – What’s happening in the Gulf? Norm Duke 
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Wednesday 18 April 2018, Macquarie University, MUSE BLD Level 3, 18 Wally's Walk 

Start Finish Scientific Program Presenter 

830 900 Registration with tea/coffee  

900 920 Housekeeping  

  2a. Opening session: The Hunter Estuary [Chair: Paul Boon]  

920 930 Saltmarsh restoration in the Hunter Estuary – a partnership approach Tim Mouton 

930 940 Design and establishment of a large-scale saltmarsh experimental field site William Glamore 

940 950 Establishing the importance of estuarine habitats to commercial species Troy Gaston 

950 1000 Conflicts and opportunities in coastal wetlands under sea-level rise and infrastructure pressures Steven Sandi 

1000 1010 Mapping the distribution and trajectory of the global intertidal zone Nicholas Murray 

1010 1020 Questions and discussion  

1030 1100 Morning tea  

  2b. Session: Coastal wetlands and blue carbon [Chair Colin Field]  

1100 1110 Opportunities for greenhouse gas abatement through management of mangroves and tidal marshes in Australia Jeff Kelleway 

1110 1120 CO2 and CH4 emissions and tidal carbon exports from mangroves Judith Rosentreter 

1120 1130 Spatial variability of coastal wetland carbon Christopher Owers 

1130 1140 Accommodation space and substrate sediment composition influences on intertidal wetlands surface elevation 
dynamics 

Kirti Lal 

1140 1150 Next steps for Blue Carbon in Indonesia Anissa Lawrence 

1150 1200 The fate of mangroves in the Jakarta Bay in the context of Giant Sea Wall Master Plan Daniel Murdiyarso 

1200 1210 Variability of CO2 and CH4 emissions from the soil and the water column of a Rhizophora mangrove forest (New 
Caledonia) 

Cyril Marchand 

1210 1220 Salt pond restoration for Blue Carbon benefits Sabine Dittman 

1220 1230 Questions and discussion  

1230 1330 Lunch break  

  2c. Session: Rehabilitation [Chair: Mia Dalby]  

1330 1340 Natural and regenerated saltmarshes within an urban environment exhibit similar ecosystem functions Paul Adam 

1340 1350 Restoration of a salt pond by tidal reconnection and the potential vegetation carbon stock Kieren Beaumont 

1350 1400 Does ecosystem size matter for trophic structure of fish: an isotopic comparison between tropical and temperate 
mangrove ecosystems in the Indo-Pacific  

Debashish Mazumder 

1400 1410 Seagrass and mangrove revegetation: Western Port Victoria Ian Stevenson 
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1410 1420 Tidal propagation across a muddy mangrove forest in the Firth of Thames, New Zealand Karin Bryan 

1420 1430 Using Chenopod and grass species to stabilise and restore the Ash Storage Area at Port Augusta Power Station Briony Horner 

1430 1440 Questions and discussion  

1440 1510 Afternoon tea  

  2d. Rapid Fire Session [Chair: Cameron Webb]  

1510 1515 Recreating 30 years of carbon sequestration in the Hawkesbury River, NSW Karen Lamont 

1515 1510 Assessing the restoration of soil development processes in mangrove forests Nicole Cormier 

1510 1515 Imperfect detection of mangroves using satellites Calvin Lee 

1515 1520 Physical and biological processes interact to control shallow soil subsidence rate in coastal wetlands Yanmei Xiong 

1520 1525 Phytoremediation of cadmium (Cd) by pneumatophore roots of Avicennia marina in Coastal Kronjo Novi Uta Rosyid 

1525 1530 Reducing mowing of saltmarsh in NSW public reserves – lessons learnt from a management perspective Jillian Reynolds 

1530 1535 Upper Salt Pan Creek: a gross pollutant reduction case study Tony Wales 

1535 1540 Flowering and propagule production of Avicennia marina in a southeast Australian temperate estuary Swapan Paul 

1540 1545 Observations following spoil excavation and saltmarsh return to Parramatta, 12 years on and high rise 
development latter 

Simon Rowe 

1545 1550 A wetter upper-marsh: anomalies and other things Jon Knight 

1550 1555 How to engage community in saltmarsh restoration and recreation projects Mia Dalby 

1555 1600 Illustrating a way forward for migratory shorebirds in urban wetlands of Sydney: Can the dogs save the birds? Cameron Webb 

    

1600 1610 An Introduction to the workshops and field excursion  Swapan Paul 

    

1610 1620 Comments from Norm Duke on behalf of AMSN  

    

1620 1630 Closing comments  
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Submitted abstracts 

 
Top-down rehydration: Photosynthetic carbon gain of arid climate mangroves depends on 

nocturnal humidity. 

 

Professor Marilyn C Ball FAA 

Division of Plant Sciences, Research School of Biology, Australian National University 

 

Despite growing in a coastal wetland with an infinite supply of water, the grey mangrove, Avicennia 

marina, does not rely solely on uptake of water by roots.  The leaves have specialised structures that 

enable absorption and storage of water from atmospheric sources that include water vapour and 

liquid water which accumulates during leaf wetting events through condensation of dew, 

deliquescence of salt and interception of rainfall. This water supply plays an important role in 

maintaining leaf hydration and function, especially when highly saline soils limit the capacities of 

roots to supply water to shoots. The results underscore the emerging importance of nocturnal 

humidity in understanding plant responses to changing climatic conditions, including the recent die-

back of mangroves in northern Australia. 
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A strategic approach to managing marine vegetation in the marine estate 
 
Patrick Dwyer1, Marcus Riches1, Taylah Richards2 

1Aquatic Ecosystems, DPI Fisheries, 1243 Bruxner HWY Wollongbar  NSW  2477 
patrick.dwyer@dpi.nsw.gov.au; marcus.riches@dpi.nsw.gov.au 
2Southern Cross University, Lismore NSW 2480 
t.richards.25@student.scu.edu.au 
 
In NSW harm to marine vegetation such as seagrass, mangroves and saltmarsh, is regulated via a 
statutory permit based approval system administered by the Department of Primary Industries (DPI 
Fisheries) under the Fisheries Management Act 1994 (FM Act).  DPI Fisheries manages marine 
vegetation in accordance with the FM Act and the “Policy and guidelines for fish habitat conservation 
and management (2013)”.  One of the relevant policies for long term management of marine 
vegetation is that of ‘no net loss’ of key fish habitat.  Achieving this policy is difficult.  Proposals to 
harm marine vegetation are considered individually.  Yet it is the accumulation of small impacts, 
often individually acceptable, that subsequently leads to degradation.  Also, proposals are assessed 
and regulated primarily for their direct impacts to marine vegetation.  However many impacts on 
marine vegetation are initiated by actions remote in space and time from subsequent effects in 
marine vegetation systems.  Many of these problems have been evident since 1979 when changes 
were made to the Fisheries and Oyster Farms Act 1935 to improve protection of mangroves. The 
NSW Marine Estate Management Authority (the Authority), established in 2013, and currently 
developing an overarching ten year Marine Estate Management Strategy brings a new approach to 
these issues.  This involves: managing the entire coast including ocean, estuaries, coastal wetlands 
and coastline as a single continuous system; responding to priority threats and risks transparently 
and based on evidence; ensuring that management decisions for the marine estate are coordinated, 
strategic, transparent and evidence based, and; delivery of better outcomes through improved 
planning and coordination. A Threat And Risk Assessment undertaken by the NSW Marine Estate 
Management Authority to inform the development of the Strategy identified multiple threats and 
risks to marine vegetation operating cumulatively and often from diffuse sources.  High risks include: 
modified hydrology and sediment budgets; the cumulative impacts of foreshore development and 
vegetation clearing; and climate change including sea level rise.  Managing this wider set of threats 
in a way that ensures the ongoing provision of ecosystem services that marine vegetation provides 
requires improvement to the existing assessment and authorisation system to better assess 
ecosystem condition and values and consider cumulative impacts.  The development of the Marine 
Estate Management Strategy provides an opportunity to improve our management of marine 
vegetation via the development of estuary-wide marine vegetation management strategies.  This 
presentation asks the question what are the key components of an estuary wide marine vegetation 
strategy and how can these strategies be used to best manage the marine vegetation estate now 
and into the future. 
  

mailto:patrick.dwyer@dpi.nsw.gov.au
mailto:marcus.riches@dpi.nsw.gov.au
mailto:t.richards.25@student.scu.edu.au
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Marine Spatial Planning and Ecosystem-based Management 
 
Hugh Kirkman 
Western Port Seagrass Partnership, 5a Garden Grove, Seaholme, VIC 3018 
email: hughkirkman@ozemail.com.au; Skype Name: hugh.kirkman 
 
As the world’s oceans become more used, more easily crossed and their resources more easily 
exploited there is a greater need for management. This presentation defines marine spatial planning 
(MSP) and the present situation in Australia. Its scale and governance is across international 
boundaries to local councils and even large companies. There are obvious problems of accumulative 
capacity such as ports, development and tourism. Storm water drains are governed by city councils 
while development close to coastal areas is governed by shire councils. Conflicts arise when uses are 
not compatible with one another and are competing for ocean space or have adverse effects on 
each other (user vs. user conflicts), or when uses are not compatible with the needs of a healthy and 
sustainable environment. This can cause conflicts between users and the environment (user vs. 
environment conflicts). Definitions of ecosystem based management (EBM) are coupled with MSP to 
suggest means and types of governance. In southern Australia saltmarsh, mangrove and seagrass 
grow on large extents of our coast and these ecosystems must be considered as stakeholders in 
MSP. Marine protected areas are an important part of MSP and can assist in conserving these three 
ecosystems. They have come into consideration as more and more of the oceans’ waters and 
substrates are exploited. Australia and states have very poor systems of MPAs. They do not follow 
International Union of Conservation principles nor do they fulfil Australia’s commitment to the 
Convention on Biological Diversity. Australia and its states have no MSP. Trade-offs on resources lost 
in a MSP include remediation, recovery and realising the values of goods and services. For example, 
mangroves are being restored in Western Port to reduce erosion of shorelines, reduce water 
movement in potential seagrass restoration areas and to slow water movement to reduce turbidity. 
Goods and services for these ecosystems must be considered in any management plan. The 
advantages and barriers to good MSP require coordination, understanding and goodwill of all 
stakeholders. Management requires monitoring, evaluation and recording of the resources being 
managed. In some parts of the world transboundary cooperation is well advanced and we can learn 
from them. In other parts MSP is at a very low level and it can be seen that conflicts between 
stakeholders, even countries can occur. EU countries have mandatory MSP and some have 
transboundary MSP. This is working well but in Australia decisions on guarding against climate 
change, pollution reduction and oil and gas exploration between countries with overlapping 
Exclusive Economic Zones, i.e. New Guinea and Timor-Leste are not integrated. 
  

mailto:hughkirkman@ozemail.com.au
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Reducing the loss of marine plants from urbanisation in Queensland 
 
Bart Mackenzie¹, Samantha Tonissoo1, Sarah Cosgrove1, Ian Draper2, Nikki Moore1 

1Fisheries Queensland, Department of Agriculture and Fisheries: PO Box 5083, Nambour Qld 4560; 
planningassessment@daf.qld.gov.au  
2 Fisheries Queensland, Department of Agriculture and Fisheries: PO Box 5396, Cairns Qld 4870; 
planningassessment@daf.qld.gov.au 
 
In Queensland, marine plants are recognised as fisheries resources and habitat with inherent value 
in the use, conservation and enhancement of the communities’ fisheries. All marine plants in 
Queensland are protected under Queensland law through provisions of the Fisheries Act 1994. That 
said, the Planning Act 2016 allows approval to be granted for marine plant disturbance associated 
with some ecologically sustainable development. For marine plants to coexist with urban areas, 
urban locations planned to avoid tidal land, wetland and waterway, with appropriate buffers, 
prevents many of the impacts that may otherwise arise. Even with good planning, processes to 
manage marine plant interfaces to urban uses are needed;  such as to enable maintenance of lawful 
structures including fences, powerlines, roads, bridges, pathways, pontoons, boat ramps and 
boardwalks to enable and manage public access. Some maintenance works have been defined as 
‘accepted’ development and are covered by codes that allow the work to take place with no 
application or assessment if they are performed in accordance with the requirements. Other 
development is ‘assessable’ and a development application for the removal, destruction or damage 
of marine plants is assessed with the hierarchy of firstly, avoiding impacts to marine plants; 
secondly, mitigating impacts; and lastly, offsetting any unavoidable impact. However, Queensland’s 
planning framework, in particular, the interaction between planning schemes, the Planning Act 
2016, the Environmental Offsets Act 2014 and their subordinate legislation, affects the ability to 
apply environmental offsets for marine plant disturbance associated with coastal development in 
some areas. Environmental offsets can provide a means to counterbalance unavoidable impacts to 
marine plants. Only works that result in a ‘significant residual impact’ to a ‘prescribed environmental 
matter’ can be offset under the Environmental Offsets Act 2014. However, under the Environmental 
Offsets Regulation 2014 marine plants are not a prescribed environmental matter where they occur 
within an urban area. An urban area, as defined in the Planning Regulation 2017, includes an area 
intended for an urban purpose, as identified in a gazette notice or on a map in a planning scheme. 
Changes to such instruments can result in new areas being declared for urban purposes without a 
process to offset predictable impacts. Although marine plants in planned urban areas continue to 
provide a myriad of ecological services and contribute to fisheries productivity, loss of these 
mangroves, saltmarsh and other marine plants through lawful development within designated urban 
areas cannot be offset under Queensland legislation.  Restricting urban designations to terrestrial 
land, treating marine plants as prescribed environmental matters regardless of land use designation 
and/or providing for offsets to marine plants at the time of urban designation are three possible 
solutions to reduce the loss of marine plants from urbanisation.  
  

mailto:planningassessment@daf.qld.gov.au
mailto:planningassessment@daf.qld.gov.au
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Lost in the Greymarsh 
 
Jon Knight1, Patrick Dwyer2, Karen Toms3 and Jessica Bourner4 

1 School of Environment and Science, Environmental Futures Research Institute, Griffith University, 
Nathan, QLD 4111; j.knight@griffith.edu.au 
2 Aquatic Ecosystems DPI Fisheries, 1243 Bruxner Hwy, Wollongbar NSW 2477; 
patrick.dwyer@dpi.nsw.gov.au 
3 Healthy Land and Water, Brisbane, QLD 4000; Karen.t@hlw.org.au  
 4 Gold Coast Waterways Authority, 40-44 Seaworld Drive, Main Beach Qld 4217; 
Jessica.Bourner@gcwa.qld.gov.au  
 
Saltmarsh rehabilitation and creation projects were reviewed using documentation extracted from 
the grey literature. The broad aim was to understand on-ground saltmarsh rehabilitation practices to 
inform future resource allocation. In total, documents from 102 projects were collated and analysed, 
with six other projects described verbally. The initial focus was on projects in the southeast 
Queensland region, but was extended along the New South Wales coast down to the Sydney Basin, 
to capture some widely acclaimed saltmarsh rehabilitation projects and increase the number of 
projects evaluated. The final count included 88 projects from NSW and 20 from Queensland. Two 
hotspots for projects were identified, the Sydney Basin (26) and the NSW Central Coast (26). Also, 
many projects were undertaken along the NSW mid and north coast. Another focus of rehabilitation 
effort was related to the Bulimba Creek Catchment Coordinating Committee (B4C) in Brisbane. One 
of the most substantial rehabilitation contributions was made by the Central Coast Council (then 
Wyong Council), with almost 20 specific projects. Well known, iconic projects included the Penrhyn 
Estuary saltmarsh and wader bird roost at Port Botany (Sydney) and rehabilitation at Sydney Olympic 
Park including the reconstruction of Haslam’s Creek and riparian saltmarsh. Many projects were 
significant in raising public awareness, exemplified by saltmarsh creation at Gough Whitlam Park on 
the Cooks River (Sydney), which also demonstrated the important contribution Council staff make in 
providing ongoing support. Project funding ranged from 10s of millions to a few thousands of 
dollars. Funding came from many sources, including: all levels of government, as grants, operational 
/ programme funds, licensing fees, and in-kind support; from the public as cash (fund raising) and 
volunteer hours; and from industry and development off-sets. Two programs in NSW were 
significant catalysts for saltmarsh rehabilitation activities.  The NSW process of local governments 
devising estuary management plans with potential projects identified in the plan has, over 20 years, 
provide a program of strategic actions to assist LGAs and other stakeholder groups to sustain a 
healthy estuary through appropriate management.  Since 2010, the NSW Recreational Fishing Trust’s 
Habitat Action Grants Scheme has funded 15 grants, worth $536,228, for saltmarsh rehabilitation 
projects, with a total project value of $1,106,013. Amongst projects reviewed, well-documented 
projects were in the minority and smaller projects tended to have fewer documents and those 
documents that did exist were often brief. Sometimes documents were unavailable because they 
were lost or had been destroyed following institutional changes, closures and mergers. Broadly, 
there was no uniformity in content, nor any minimum report requirements. In many cases, it 
appeared documents were ephemera – generated, used and disposed. There remains a critical need 
for documentation of projects to be collated, and for  minimum recording requirements fulfilled and 
stored for public access. Collectively, the funding bodies could be supporting the development of a 
database for rehabilitation works. If a (national) database for rehabilitation projects existed, it 
should be possible to encourage/persuade all funders and government to upload relevant project 
information into the database. 
  

mailto:j.knight@griffith.edu.au
mailto:patrick.dwyer@dpi.nsw.gov.au
mailto:Karen.t@hlw.org.au
mailto:Jessica.Bourner@gcwa.qld.gov.au
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Can mangroves and their ecosystem services hang on in urban Singapore? 
 
Daniel Friess 
Department of Geography, National University of Singapore, 1 Arts Link, Singapore 117570; 
dan.friess@nus.edu.sg 
 
Mangroves are under threat due to rapidly increasing coastal populations and land use change. This 
is despite the huge benefits, or ecosystem services that mangroves provide to these populations. 
Valuing ecosystem services can incentivise their conservation and give urban planners the 
information to make considered decisions that integrate mangroves into land use planning. The City 
State of Singapore is an important case study to study urban mangroves and their integration into 
development planning. Singapore’s population is considered 100% urban, and has lost >90% of its 
mangrove extent due to land reclamation and reservoir construction. Our study (1) quantified the 
ecosystem services provided by Singapore’s mangroves; (2) predicted changes in service provision 
with different future coastal management scenarios; and (3) analyzed tradeoffs between different 
ecosystem services and management priorities. In total, we quantified 5 ecosystem services. To 
quantify carbon storage, we first quantified site-scale carbon stocks across multiple coastal habitats, 
showing that mangroves stored 3 times as much carbon per hectare than seagrasses and mudflats. 
Using remote sensing, we further estimated that Singapore’s mangroves stored 450 000 tonnes of 
carbon across the nation, equivalent to 3.7% of Singapore’s annual carbon emissions. To quantify 
fisheries, we used underwater videography and traps to show that mangroves supported unique fish 
communities not found on adjacent artificial habitats. We quantified shoreline protection using 
INVEST, showing that Singapore’s mangroves can buffer 60-80% of incoming wave energy, 
depending on forest width. Singapore’s mangroves also provided climate regulation services, cooling 
local ambient air temperatures by 2-3° celsius due to evapotranspiration and changes in albedo. 
Finally, we conducted multiple studies to quantify cultural ecosystem services. Such services are 
understudied because their abstract nature (e.g., aesthetics, spiritual value) makes them hard to 
quantify. We overcame this by developing a novel method using geotagged social media 
photographs to model cultural ecosystem services used by visitors. Archival analyses also showed 
that cultural ecosystem services changed through time. We used these baseline ecosystem services 
data to create a model that helped understand the impacts of future urban development plans on 
mangroves, and to show where mangroves can benefit development. This Pareto Frontiers model 
spatially optimizes ecosystem service provision and development. We also showed tradeoffs 
between ecosystem services, e.g., plans that prioritized cultural services had negative impacts on 
carbon due to boardwalk construction. This study has been extended through the ‘Singapore Natural 
Capital Assessment’. This effort, involving 6 Universities, Research Institutes and government 
agencies, is applying the same multidisciplinary framework to all major terrestrial and coastal 
ecosystems in the country. We hope that this project will provide a framework for use in other urban 
coastal areas across the tropics. 
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Mangrove and Saltmarsh response in Lake Illawarra from a permanent opening – Implications for 
management 
 
Danny Wiecek1, Rob Williams2 and Kristy Blackburn3 
1NSW Office of Environment and Heritage, Wollongong  
2NSW Fisheries (retired), Sydney 
3Wollongong City Council, Wollongong 
 
Lake Illawarra, located on the NSW south coast about 85km south of Sydney, previously functioned 
as an ICOLL, with estuarine macrophytes influenced by periods of time with both an open and closed 
entrance. Saltmarsh has historically dominated the intertidal foreshore, being well adapted to the 
inundation changes associated with open and closed entrance states. Extended periods of entrance 
closure and small tidal variation when the entrance was open provided unfavourable conditions for 
mangroves, with historical evidence indicating only a few scattered individual mangroves (Avicennia 
marina) existed. Construction of breakwaters and associated entrance dredging works completed in 
2007 provided permanent connection of Lake Illawarra to the ocean, and consequently has modified 
the Lake’s tidal regime, leading to a range of physical and ecological changes. The most profound 
tidal regime changes being a constant tidal exchange and an increasing tidal range. Simply put, high 
tides are getting higher and low tides are getting lower, and this increase in tidal range is predicted 
to continue for a long time. The modified tidal regime has enabled a significant expansion of 
mangroves in the Lake, which is likely to continue. Expansion is likely where favourable shallow and 
sheltered intertidal areas exist, but will be limited along significant parts of the more exposed 
foreshores and where other factors constrain establishment. Increasing tidal range and proliferation 
of mangroves have the potential to influence the distribution of saltmarsh, and in some areas of the 
Lake impacts are already apparent. Saltmarsh will need to migrate landwards as high tides get 
higher, compounded further by sea level rise, but may be constrained by topography and/or 
development in some areas. Where mangroves have newly established amongst saltmarsh, there is 
also the potential for saltmarsh to be displaced. These issues are currently being considered in the 
development of a coastal management program for Lake Illawarra, including a range of management 
strategies. 
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Urban mosquito hazards: a failure of planning or just an oversight? 
 
Pat Dale1, Jon Knight1, Cameron Webb2, Patrick Dwyer3 
1 School of Environment and Science, Environmental Futures Research Institute, Griffith University, 
Nathan, QLD 4111; p.dale@griffith.edu.au, j.knight@griffith.edu.au 
2 Marie Bashir Institute of Infectious Diseases and Biosecurity, University of Sydney, Westmead 
Hospital, Westmead NSW 2145; Cameron.Webb@health.nsw.gov.au   
3 Aquatic Ecosystems DPI Fisheries, 1243 Bruxner Hwy, Wollongbar NSW 2477; 
patrick.dwyer@dpi.nsw.gov.au 
 
Urban wetlands provide valuable ecosystem services such as regulating water runoff, providing 
recreational opportunities, native habitat and aesthetic value. They can also be the source of 
ecosystem disservices, such as odours and pest insects (e.g., disease vector mosquitoes). Most 
people have experienced the nuisance caused by mosquito bites and many have contracted diseases 
caused by arboviruses such as Ross River or Barmah Forest viruses – the mosquito hazard is well 
known and well understood. Not all coastal wetlands produce a mosquito problem. Some wetlands 
are located far enough from population centres to not be a problem. In many instances, mosquito 
populations associated with healthy wetlands cause minimal impact. However, as our urban areas 
encroach ever closer to wetlands, and cause degradation to these environments, the mosquito 
hazard increases. The hazard is exacerbated when infrastructure works and development, including 
rehabilitation, is undertaken with good intentions, but without considering mosquito habitat 
creation. This is mainly an issue that could be addressed at the planning stage by local government.  
The focus here is how the mosquito biting (and public health) risk related to intertidal wetlands can 
be reduced, while also maintaining wetland function. This presentation provides illustrated 
examples with suggestions for solutions. We argue that the science is known and the techniques to 
solve the mosquito problem are largely known and available. So why do we have mosquito 
problems? We suggest some answers and some potential solutions to the issues. 
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What factors influence the mosquito populations and mosquito-borne disease risk of 
urban mangroves in Sydney, NSW? 
 
Cameron E. Webb1,2, Suzi B. Claflin3,4 and Michael G. Walsh1 

1Marie Bashir Institute of Infectious Diseases and Biosecurity, University of Sydney, Sydney, NSW, 
Australia; Cameron.Webb@health.nsw.gov.au  
2Department of Medical Entomology, NSW Health Pathology, Westmead Hospital, NSW 2145, 
Australia 
3Department of Entomology, Cornell University, Ithaca, NY, USA 
4Menzies Institute for Medical Research, University of Tasmania, Hobart, TAS, Australia 
 
Mosquitoes associated with mangroves and other estuarine wetlands, especially Aedes vigilax, pose 

both pest and public health risks in the greater Sydney region. These habitats are also threatened by 

urbanisation and climate change. As a consequence, urban mangrove management must strike a 

balance between environmental conservation and minimising public health risks. Land use may 

influence the mosquito community within urban mangroves either through species spillover or by 

altering the abundance of mosquitoes associated with these wetlands. Carbon dioxide baited traps 

were used to sample host-seeking female mosquitoes around nine mangrove forest sites along the 

Parramatta River, Sydney, Australia. Specimens were identified to species and for each site, 

mosquito species abundance, species richness and diversity were calculated. Linear mixed effects 

models were used to investigate the impact of land use surrounding urban mangroves on these 

adult mosquito population metrics. We found that the percentage of residential land and bushland 

in the surrounding area had a negative effect on mosquito abundance and species richness. 

Conversely, both mangrove and industrial land were positively associated with mosquito abundance, 

while industrial land alone was positively associated with species richness. In addition to the pest 

impacts of mosquitoes, Ross River virus (RRV) is regularly detected in estuarine wetlands and 

surrounding bushland areas in southern Sydney. When assessing the risk of RRV epidemics more 

broadly based on abiotic and biotic landscape features in anthropogenic landscapes, the potential 

role of mammalian host species in shaping RRV outbreak risk in peri-urban space was identified. A 

key driving factor in increasing the public health risk in and around some coastal wetlands of Sydney 

is the presence, and possibly increasing abundance, of suitable reservoir hosts such as wallabies that 

may be benefitting from environmental conservation and vertebrate pest control. These results 

demonstrate the need for site-specific investigations of mosquito communities to assist local 

authorities develop policies that balance both urban development, wetland rehabilitation and 

human health. 
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Mass mangrove dieback in the Gulf – 2 years on! 
 
Norman C Duke, Jock Mackenzie & Damien Burrows 
James Cook University TropWATER Centre, PO Box 1250 Elanora QLD 4221;  
norman.duke@jcu.edu.au 
 
It was a surprise to everyone when normally resilient mangroves were observed dying en masse in 
the Gulf of Carpentaria in early 2016 – being concurrent moreorless with severe coral bleaching and 
a particularly severe el Nino event at the time. What has happened since for mangroves and tidal 
wetlands? There are many questions – some to do with impact and whether the situation has gotten 
worse? To questions about added and consequential impacts on associated marine habitats like 
seagrass beds, and on turtles and local fisheries. Has there been detectable recovery either as 
sprouting trees, or recruitment of damaged mangrove forest habitat? Have intervening severe 
weather events had any effect, like cyclonic winds and flooding in the region.  And, of course, there 
remain questions about the cause. While scientists involved have a short-list of considered 
hypotheses, the specific cause remains unconfirmed. In this talk, I will update on such key questions, 
while sharing a number of recent insights from research and monitoring studies undertaken over the 
last year. One objective in this is to update and prepare the way for a targeted workshop to address 
concerns about what is being done, plans in affect, and what to do next. 
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Significant Decline In Mangrove Condition In Shark Bay Marine Park 
 
Kevin P Bancroft1,2 and Kathy Murray1,3 

 
1 Marine Science Program, Department of Biodiversity, Conservation and Attractions, Perth, Western 
Australia; kevin.bancroft@dbca.wa.gov.au 
2 School of Plant Sciences, University of Western Australia, Perth, Western Australia 
3 Geographic Information Services, Department of Biodiversity, Conservation and Attractions, Perth, 
Western Australia 
 
Mangrove communities form a major component of the coastal ecosystems of mid and northern 
Western Australia and are recognised as having high conservation value within the State’s network 
of marine parks and reserves.  Shark Bay Marine Park supports WA’s southern-most mangrove 
communities of significant size and their condition are periodically assessed by the Department of 
Biodiversity, Conservation and Attractions’ marine monitoring program.  Comprising only Avicennia 
marina, these mangroves are exposed to varying salinities such as the hyper- or meta-saline waters 
of the southern reaches of both west and east gulfs. The Carnarvon coast also experiences 
occasional inundation by flood waters from the Gascoyne and Wooramel rivers.  As part of the long-
term monitoring program, satellite imagery and high resolution aerial photography were used in 
conjunction with on-ground assessments of foliage density to assess the total area and projected 
foliage cover (PFC) of mangroves in the marine park from 2007 to 2015.  Major declines in mangrove 
spatial extent and PFC were observed across Shark Bay between 2010 and 2015. The timing and 
percent of the loss of extent was variable, with the Carnarvon coast sector’s decline in condition 
(~19%) occurring after March 2011 whereas the losses in the Peron Peninsula and west coast sectors 
occurred after 2013 (approximately 42% and 52% respectively).  Within sectors there also was high 
variation associated with these changes.  For example in the Carnarvon coast sector, the three 
monitoring sites varied with north and south Carnarvon monitoring sites showing similar declines in 
spatial extent (approximately 24 % and 23% respectively) and the Bush Bay site showing a ~34% 
increase between 2011 and 2013.  Patterns of decline following 2011 were also highly variable at 
small spatial scales.  Analysis of historical LandSat determined Normalized Difference Vegetation 
Index (NDVI), indicated that at ground truth site scales (90m x90m), the mangrove loss and recovery 
rates/capacity were highly variable with some sites showing evidence of resilience, others recovering 
and a few yet to recover even after 4-5 years.  The specific drivers associated with the observed 
changes are currently unknown.  Prolonged anomalously high seawater temperature, high air 
temperature, lower than average rainfall, decreasing sea levels, a cyclone and flood events have 
occurred in the Shark Bay region over the period when mangrove condition has declined.  While 
several factors may be contributing to these changes, the relatively short duration of monitoring so 
far (five sampling occasions over ten years) limits the capacity to clearly relate trends in condition to 
environmental parameters.  Further investigations are required into the cause of this loss and why it 
has been so spatially variable.  These findings are particularly pertinent given recent large scale 
losses of mangroves in Australia more broadly including large areas in the Northern Territory and 
Queensland.   
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Gulf of Carpentaria mangrove dieback assessment and monitoring 
 
Arnon Accad1, Ralph Dowling1, Jiaorong Li1 and Gerry Turpin2 
1Queensland Herbarium, Queensland Department of Environment and Science  
Brisbane Botanic Gardens Mt Coot-tha Rd Toowong Brisbane Queensland 4066 
Arnon.accad@dsiti.qld.gov.au 
2Queensland Tropical Herbarium, Queensland Department of Environment and Science 
 
In early 2016, extensive dieback of mangrove forests was recorded along the southern and western 
coastline of the Gulf of Carpentaria in northern Australia. Landsat analysis suggests that 7,400 
hectares of mangrove forest suffered dieback over a relatively short period of time around 
November 2015.  This dieback occurred along a greater than 1,000 km front in the Gulf extending 
from Weipa in Queensland to Groote Eylandt in the Northern Territory.  This event appears to be the 
largest event of natural dieback of mangroves ever recorded in the world. The Queensland 
Herbarium was given the task to investigate the Queensland component of this large area of dieback 
and to establish a monitoring program to assess the recovery.  Given the scale of the dieback, the 
approach taken has a component of remote sensing supported by on ground establishment of 
permanent monitoring transects. To establish a baseline of mangrove extent and structure along the 
Gulf of Carpentaria, a consortium consisting of Airborne Research Australia, the Queensland 
Herbarium (with the support from the Queensland Department of Agriculture and Fisheries), Charles 
Darwin University, the National Environmental Science Program (NESP) supported by TERN AusCover 
and the University of New South Wales (UNSW) coordinated the acquisition of digital aerial imagery 
and airborne LIDAR along a coastal strip extending from Weipa  to Groote Eylandt .   Lidar captured 
in August 2017 provides a consistent and repeatable high-resolution baseline of mangrove extent, 
cover and height following the peak of the 2015/2016 dieback event.  This information is available 
for future comparisons and is a fundamental and essential data resource for research and ongoing 
monitoring of the mangrove communities in the Gulf. In late August 2017 the Queensland 
Herbarium, with the support of the Queensland Department of Agriculture and Fisheries, established 
three 150 m permanent monitoring transects in the Karumba area.  These consist of two transects to 
the north and one transect to the south west of the Norman River mouth. The aim is to revisit these 
transects on a regular basis (every 3-5 years – subject to budget availability) and to assess the 
recovery of these dieback areas. Local Indigenous rangers were involved in the establishment of 
some of these plots and the continued involvement of the local rangers will benefit the program by 
allowing more frequent visits to these transacts. Preliminary findings from our August 2017 sampling 
has indicated recovery in all the three transects at the ocean side. There was a low level of seedling 
recruitment in the transitional transect section with very low to no recruitment in the landward side 
of the two transects to the north of the Norman River. All areas will need further time to determine 
if they are going to recover or turn into clay pans/ salt marsh in the longer term. Additional findings 
from the Gulf of Carpentaria project will also be discussed.  
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The vulnerability of arid zone coastal wetlands to sea level rise 
 
Catherine E. Lovelock, Ruth Reef, Pere Masque 
School of Biological Sciences, The University of Queensland, St Lucia, QLD 4072, Australia 
c.lovelock@uq.edu.au 
 
Arid zone coastal wetlands provide disproportionally important ecosystem services due to their 
relatively high levels of productivity relative to adjacent terrestrial systems. However, these systems 
may be highly vulnerable to sea level rise as sediments needed for vertical accretion, which are 
delivered to the coast through river flows, are limited and sporadic. In the arid zone of Western 
Australia we show that although vertical accretion in mangroves, cyanobacterial mats and high 
intertidal salt flat habitat is sensitive to sediments delivered during rainfall events, they are failing to 
keep pace with local sea level rise and are losing elevation at 1.8 mm/year (± standard error 1.1 
mm/year). Erosion and back-stepping of the coastal fringe is occurring and we have observed 
recruitment of mangroves onto the salt flat. With current rates of relative sea level rise, loss of the 
seaward fringing mangrove, which occupies approximately 0.5 m of intertidal elevation and about 50 
m vertically of the intertidal zone could occur within 50 years and total loss of the entire current 
intertidal habitat within 200 years. 
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Traditional Owner management of mangroves in the southern Gulf of Carpentaria 
 
Phillip George and Kate Bellchambers 
Carpentaria Land Council Aboriginal Corporation, PO Box 6662, Cairns QLD 4870, 
kbellchambers@clcac.com.au 
 
This presentation will explore Traditional Owner perspectives on mangroves and how CLCAC’s Land 
& Environment Unit has responded to recent mangrove dieback in the southern Gulf of Carpentaria.  
CLCAC’s Land & Environment Unit operates across approximately 510,000 square kilometres, with 
Rangers based in Burketown, Normanton and Mornington Island.  The Unit undertakes management 
activities to enhance the protection and management of natural resources for the long-term benefit 
of Traditional Owners and communities.  The mangrove dieback that occurred in the summer of 
2015-16 presented a challenge and new area of enquiry.  While it is now understood that the 
mangrove dieback was likely related to high temperatures, low rainfall and a temporary fall in sea 
level (Duke et al 2017), for Traditional Owners a broader story remains to be told about mangroves 
on country. Traditional Owners recognise the multitude of ecosystem services that mangroves 
provide on Gulf coastlines and waterways and as such consider the health of mangroves to be 
critically important.  CLCAC’s investigation into the state of mangroves commenced in late 2016 
when MangroveWatch were engaged to train Rangers in the S-VAM methodology.  Rangers 
completed surveys in two major river systems and have continued systematic shoreline filming.  It is 
anticipated that over time these records will provide detailed information regarding mangroves in 
the southern Gulf region that can inform CLCAC’s management approach. A key concern for 
Traditional Owners is the potential impact that mangrove dieback may have on migratory shorebird 
food resources.  Both in the short-term, through the impact of heat and moisture stress on animals, 
and in the longer-term with a loss of mangrove trees in the environment.  The south-east Gulf of 
Carpentaria is recognised as the third most important area for migratory shorebirds in Australia 
(Jaensch & Driscoll 2015).  CLCAC manages two sites in the East Asian-Australasian Flyway 
Partnership (EAAFP) -  Karumba Smithburne (Delta Downs) and Nijinda Durlga (Tarrant) -  both 
nominated by Traditional Owners.  In October 2017 CLCAC worked with Wetlands Research and 
Management (WRM) to commence a study of the benthic infauna of mudflats at the EAAFP sites.  
Preliminary sampling was carried out along a ‘healthy mangrove’ transect and a ‘mangrove dieback’ 
transect.  Rangers collected and sorted samples which will undergo expert analysis in the WRM lab.  
These results will provide a baseline understanding of shorebird food resources that can be 
expanded upon into the future, especially in relation to mangrove dynamics. Whilst CLCAC’s Land & 
Environment Unit has commenced monitoring and research into mangroves in the region, efforts are 
limited by current resourcing and funding is required to build on initial research.  For Traditional 
Owners the stakes are high.  Gulf communities have a long history and continuing practice of 
utilising marine resources for daily subsistence.  From an economic development perspective, Gulf 
waters attract recreational fishers and Traditional Owners are targeting this market through locally 
owned and operated tourism enterprises.  CLCAC’s Land & Environment Unit strives to continue 
mangrove monitoring and research into the future to ensure the sustainable management of 
Traditional Owner’s land and sea country. 
 
 
References: Duke N C, Kovacs J M, Giriffiths A D, Preece L, Hill D J E, van Oosterzee P, Mackenzie J, Morning H 
S, & Burrows D (2017), ‘Large-scale dieback of mangroves in Australia’s Gulf of Carpentaria: a severe 
ecosystem response, coincidental with an unusually extreme weather event’, Marine and Freshwater 
Research; Jaensch R & Driscoll P (2015), ‘International recognition for the South-East Gulf of Carpentaria – at 
last!’, Tattler 
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A New Approach to Monitoring Mangrove Change in Australia 
 
Emma Asbridge, Richard Lucas, Kerrylee Rogers, Leo Lymburner, Peter Scarth, Peter Bunting, 
Catherine Ticehurst, Claire Phillips, Jorg Hacker, Graciela Metternicht, Matt Paget and Alex Held. 
School of Earth and Environmental Science, University of Wollongong, Northfields Ave, Wollongong 
2522, Australia; emmaa@uow.edu.au 
 
Through TERN Landscapes, substantive datasets on mangroves are being publicly released to 
support national and international mapping and monitoring programs as well as scientific research.   
The data that will be made available are diverse and build a picture of the events and processes that 
have led to the various states and dynamics present today.   These datasets include new national 
temporal maps of mangrove extent, high-resolution extent, floristic and structural maps from local 
sites to entire coastlines (e.g., the Gulf of Carpentaria), drone and other airborne data acquired and 
supportive field data.    These data form a basis for a national mangrove monitoring strategy, with 
key elements being: 
 
a) Collation of publicly available field and airborne observations through Australia’s Terrestrial 
Ecosystem Research Network (TERN). 
b) Acquisition of new mangrove-relevant datasets using nationally agreed protocols. 
c) Establishment of high resolution (5 m) baseline maps of mangrove extent and species 
composition from Planetlab’s RapidEye data and height from a combination of airborne LIDAR, 
stereo imagery and radar interferometry. 
d) Weekly to annual monitoring of changes within and away from the baseline through analysis 
of dense time-series of Landsat sensor data available within Digital Earth Australia (DEA) supported 
by spaceborne C- and L-band radar observations. 
e) Capacity for daily monitoring of hotspots of change using Planetlab’s RapidEye and Cubesat 
data. 
f) Options to reference environmental data (e.g., sea level, climate, tropical storm activity) to 
establish causes/drivers and consequences of change.  
 
A national, coordinated and open mangrove monitoring system is advocated, as this allows changes 
to be detected in near real time and historically, whether these are a loss or degradation of 
mangrove, recovery or colonisation following, for example, tropical storms.  Monitoring can also 
assist in ascertaining the effectiveness of adaptive management strategies.  The need for a 
monitoring system was highlighted by a relatively limited capacity to effectively detect and respond 
to extensive mangrove dieback reported in the Gulf of Carpentaria (7,400 ha (74km2) or 6 % loss in 
area along the entire Northern Territory and Queensland coastline).   This included Kakadu NP where 
a drone and aerial survey in September 2016 revealed dieback, with 2,470 ha (24.7 km2) (20.6 %) of 
forests experiencing full or partial loss. The TERN Landscapes mangrove initiative facilitates national 
collaboration in the collection of field and earth observation data and provides a platform by which 
to support the collection, collation and dissemination of mangrove information between individuals, 
groups and organisations in Australia and internationally. Ultimately this information can be used to 
support a range of policies including the Ramsar Convention’s Global Wetlands Observing System 
(GWOS), the United Nations Framework Convention on Climate Change (UNFCCC), Reducing 
Emissions from Deforestation and Degradation (REDD+) and the Intergovernmental Science-Policy 
Platform on Biodiversity (IPBES). The approach developed in Australia may provide impetus for 
similar activities worldwide as, despite their importance for carbon storage, primary productivity, 
coastline protection and biodiversity, mangroves are being progressively lost or degraded across 
their range through anthropogenic disturbance and natural events and processes, impacting the 
short to long-term viability of mangroves. 
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Darwin city’s largest asset – mangroves facing a rising tide in the Top End 
 
Madeline M. Goddard and Lindsay B. Hutley 
Research Institute for the Environment and Livelihoods, Charles Darwin University; 
madeline.goddard@cdu.edu.au; lindsay.hutley@cdu.edu.au 
 
Darwin Harbour has ~20, 000ha of mangroves providing valuable ecosystem services to the Darwin 
community, yet is subject to some of the highest global rates of relative SLR 6.3mm yr-1. Mangroves 
have some capacity to adapt by keeping pace with SLR and avoiding inundation via above 
(sedimentation) and below ground (root growth) vertical elevation gains to fill their available 
‘accommodation space’. If elevation is not maintained relative to SLR the ecosystem benefits 
mangroves provide to the Darwin community will disappear with them. Macro-tidal mangrove 
estates, such as Darwin Harbour, have greater ‘elevation capital’ and are considered to be more 
resilient to SLR than meso- and micro-tidal counterparts, although this assertion has rarely been 
tested. The effect of SLR is made more complex by interacting environmental changes such as 
alteration in hydrology and sediment availability due to climate change (impacts from altered 
rainfall, wind and wave action from variations in monsoon strength), catchment land use change, 
industrialisation and urbanisation. Darwin Harbour has been a site for several SLR modelling 
exercises, yet there is a scarcity of field based observations of in situ sedimentation rate and surface 
elevation. Therefore it is important to establish a spatially distributed and long-term monitoring 
program to determine the impacts of SLR and anthropogenic pressures that informs the 
management of DH mangroves. A network of 39 RSET-MH have been installed in Darwin Harbour’s 
mangroves to determine the contemporary surface elevation change, and fit into a wider Darwin 
Harbour monitoring program and we report on preliminary findings of sedimentation rate and 
comparisons with 210Pb sediment dating.  
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Dynamics in mangrove cover and the role of climate 
 
Hickey, S. M1,2,3., Callow, N, J1., Phinn, S, R4., Radford, B. T1,3., Lovelock, C.E.5., Duarte, C, M6 
1School of Agriculture and Environment, The University of Western Australia, Crawley, Western 
Australia 6009, Australia 
2The Oceans Institute, The University of Western Australia, Crawley, Western Australia 6009, 
Australia 
3Australian Institute of Marine Science, The Oceans Institute, The University of Western Australia, 
Crawley, Western Australia 6009, Australia 
4School of Earth and Environmental Sciences, The University of Queensland, St Lucia, Queensland 
4072, Australia 
5School of Biological Sciences, The University of Queensland, St Lucia, Queensland 4072, Australia 
6 King Abdullah University of Science and Technology, Red Sea Research Center (RSRC), Thuwal 
23955-6900, Kingdom of Saudi Arabia 
 
Mangroves are halophytes whose tolerance of variation in abiotic conditions may be exceeded with 
climate change which poses a significant threat to mangrove distribution and abundance and the 
ecosystem services they provide. This study utilises Landsat 5, 7 TM and 8 OLI imagery to create a 
detailed timeline (n=213) of change in mangrove cover in a semi-arid estuary in north-west Australia. 
Observed changes in mangrove area and canopy condition were examined at monthly intervals over 
the period 1987-2016 in relation to climate and sea level data to investigate the potential roles of 
environmental variables in driving mangrove change through a combination of the Getis Ord Gi* 
spatial statistics and Generalised Additive Mixed Models (GAMM). The study determined that 
Mangrove Bay exhibited decreasing mangrove cover, during summer, and during periods of negative 
SOI, lower sea level, and high monthly mean minimum temperature across the observed time-
period. Anomalies in low mean monthly sea level over the observed period tended to coincide with 
El Niño years. Mangrove condition from NDVI exhibited clustering across the temporal dataset, with 
hot spots of higher NDVI closer to hydrological features and lower NDVI pixels located further from a 
hydrological feature. Although this study focusses on Mangrove Bay, a semi-arid environment 
located on the north-west Australian coastline, our findings may be applicable to mangroves in arid 
regions globally and particularly in areas where there are fluctuations in sea levels. 
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Consecutive severe flood events dramatically alter estuarine shoreline mangrove habitats 
with implications for future mangrove management in a changing climate 
 
Jock Mackenzie1, Norman Duke1,2 
1 MangroveWatch Ltd, PO Box 1250, ELANORA, Q, 4221. 
mangrovewatch@gmail.com 
2 Centre for Tropical Water and Ecosystem Research (TropWATER), James Cook University, 
Townsville. Q. 4811. 
 
Recent consecutive severe flood events in south-east Queensland dramatically impacted local 
communities. Less well recognised has been the impact of these flood events on estuarine ecology, 
including mangrove habitats. Here we present an analysis of the effects of consecutive extreme 
flood events on shoreline estuarine mangrove habitats along 30 km of the Logan River estuary, SEQ. 
This analysis addresses three key questions; 1) Are Logan River mangroves resilient to consecutive 
severe flood events? 2) What are the factors that increase shoreline mangrove vulnerability to 
severe flooding in the Logan River? 3) What are the longer-term implications of more frequent and 
severe flooding in the Logan River anticipated under current climate change projections? We answer 
these questions using detailed assessment of continuous, georeferenced shoreline video data 
collected by local MangroveWatch citizen-scientists and school students between 2014 and 2017 
providing a spatial and temporal comparison of changes in mangrove extent, estuary shoreline 
stability and species-specific response to flooding. Based on this assessment we conclude that 
increased extreme flood frequency will dramatically alter the extent and habitat structure of 
estuarine shoreline mangrove habitats along the Logan River. Of particular note is the likely long-
term loss of the upper-estuary Aegiceras corniculatum dominated mangrove fringe, prime breeding 
habitat for commercially valuable prawn species. From these results we conclude that maintaining 
the ecosystem services provided by estuarine shoreline mangrove habitat in changing climate 
conditions requires effective ecosystem management and direct management intervention, 
including limiting shoreline habitat fragmentation, reducing direct and indirect anthropogenic 
disturbance, weed management and ‘living shoreline’ habitat creation and shoreline stabilisation. 
This study demonstrates that long-term mangrove monitoring programs that engage citizen-
scientists, such as MangroveWatch, provide opportunities to improve understanding of mangrove 
ecological response to climate change impacts, identify local threats and vulnerabilities and directly 
engage local communities in local mangrove stewardship increasing public support for investment in 
mangrove resource protection. 
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Sea-level change and mangrove shorelines: from monitoring to millennia  
 
Rogers K1, Saintilan N2, Woodroffe CD3, 
1 School of Earth & Environmental Sciences, University of Wollongong, NSW 2522; 
kerrylee@uow.edu.au  
2 Department of Environmental Science, Macquarie University; neil.saintilan@mq.edu.au 
3 School of Earth & Environmental Sciences, University of Wollongong; colin@uow.edu.au 
 
On low-energy tropical and subtropical shorelines, mangrove forests occur within the upper part of 
the intertidal. Although not as readily preserved as coral reefs, mangrove sediments provide a 
palaeoecological record of past sea levels. The accumulation of sediments beneath mangroves, 
whether autochthonous organic or allochthonous minerogenic, is a function of accommodation 
space. We present a framework for viewing the response of mangrove shorelines to sea-level change 
at millennial timescale, based on an adaptation of the concepts of keep-up, catch-up and give-up 
that have been so successfully adopted in relation to coral reefs. We use this framework to revisit 
the discussion about whether coastal wetlands are able to keep up with sea-level rise. We show 
that, when studying coastal wetlands such as mangroves and salt marshes, it is necessary to 
understand the processes by which sediments accrete and substrate elevation changes. Short-term 
observations indicate that sediment accretion and substrate adjustment vary in complex ways within 
a wetland unrelated to changes in mean sea level. However, most coastal wetlands are restricted to 
the upper portion of the tidal frame, such that their longer-term trajectory does appear to track sea 
level. At millennial timescales, it has been shown that there is considerable geographical variation in 
the pattern of relative sea-level change, and as a consequence there are important contrasts in the 
stratigraphy of coastal deposits which have resulted in substantial differences in the long-term 
capacity of coastal wetlands in different parts of the world to sequester carbon. Observed, and 
anticipated, sea-level rise, now and into the future, can be considered to similarly result in different 
capacities to store carbon in the substrates below mangroves, and associated wetland systems, 
providing challenges as to how to model the potential carbon pools and incorporate coastal 
wetlands into broader initiatives that aim to mitigate the effects of climate change. 
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Rooted in mud but suspended in time – old grey mangrove cable roots convey messages 
of past conditions 
 
Jon Knight1, Patrick Dwyer2, Ralph Dowling3, Quan Hua4, Sam Marx5, Patricia Gadd4 and Atun 
Zawadzki4 
1Environmental Futures Research Institute, Griffith University, Nathan Qld 4111; 
j.knight@griffith.edu.au 
2DPI Fisheries; patrick.dwyer@dpi.nsw.gov.au 
3Queensland Herbarium; ralph.dowling@dsiti.qld.gov.au 
4ANSTO; quan.hua@ansto.gov.au; patricia.gadd@ansto.gov.au; atun.zawadzki@ansto.gov.au 
5University of Wollongong; smarx@uow.edu.au 
 
Grey mangrove (Avicennia marina subsp.. australasica) cable roots grow horizontally below the soil 
surface (~10 cm depth). As such, old grey mangroves carry within their cable roots a message of past 
surface elevations and therefore sedimentary processes. Cable roots provide the support structure 
for other roots including pneumatophores and their associated feeder roots above the cable root, as 
well as anchor roots below. By deriving the age of cable roots, using 14C AMS dating, at different 
horizons relative to the current sediment surface, we aim to show how grey mangroves respond to 
changes in surface sediment dynamics, that is, accretion and/or erosion. We will demonstrate that 
grey mangroves respond to changing surface dynamics by growing new cable roots supporting 
establishment of pneumatophores, feeder roots, and anchor roots. Therefore, the position of 
exposed cable roots in today’s wetlands records past soil surfaces that have subsequently eroded, 
while remnant cable roots, buried below the active cable root level, indicate sediment aggradation.  
In our results, we present 14C ages from cable roots from grey mangroves in different geomorphic 
settings; from South-east Queensland (SEQ) and northern New South Wales. These ages are then 
used to reconstruct sediment dynamics. For example, the ages for cable roots of one tree from 
Cobby Cobby Island (SEQ), were 1250, 1860 and 1560 cal. AD. This equates to surface elevations of  
–32, –4 and +43 cm by comparison with the current surface position. Consequently, these ages imply 
sometime after the beginning of 13th Century, the site experienced rapid aggradation, i.e. the surface 
elevation aggraded from -32 cm in 1250 AD to +43 cm by 1560 AD, i.e. an overall surface evaluation 
change of ~+75 cm. By about the middle of the 19th Century, the site had again experienced a period 
of erosion (~–47 cm) corresponding with a new suite of cable root growth, after which it may have 
accreted slightly to its present surface level. Interestingly the timing of these major changes 
corresponds to the timing to the Little Ice Age (LIA), that is, during the LIA the site experienced rapid 
accretion, while by the end of the LIA the site had eroded. The different ages versus heights of cable 
roots shown by our results support the hypothesis that grey mangroves are able to grow new cable 
roots in response to changing surface dynamics, and in doing so, carry a record of past sedimentary 
processes. 
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The Dynamics of Expanding Mangroves in New Zealand 
 
Erik Horstman1, Carolyn Lundquist2, Karin Bryan1, Richard Bulmer2, Julia Mullarney1, Debra Stokes3 
 
1Coastal Marine Group, Faculty of Science and Engineering, The University of Waikato, PO Box 3105, 
Hamilton 3240, New Zealand (Erik.Horstman@waikato.ac.nz) 
2National Institute of Water & Atmospheric Research Ltd., PO Box 11115, Hamilton, New Zealand 
3Marine Ecology Research Centre, Southern Cross University, PO Box 157, Lismore, NSW 2480, 
Australia 
 
Avicennia marina var. australasica is found throughout New Zealand’s northern estuaries and is part 
of the island’s native vegetation. The early Māori settlers valued mangroves for their provisioning 
function of food and resources. To date, the Māori belief in the interrelationship of all parts of the 
environment resonates in the concept of kaitiakitanga —guardianship of the environment— that an 
ecosystem that is sustained and cared for can provide benefits back to humans. With the arrival of 
the European settlers, rapid clear felling of the land initiated substantial erosion, sedimentation in 
estuaries increased and tidal flats started expanding rapidly, accommodating widespread mangrove 
expansion since the mid-20th century. The newly established mangroves generally occupy muddy 
intertidal flats that have expanded into estuaries that were previously dominated by coarser sandy 
sediments. More recently, the rapid expansion of mangroves and the ‘muddification’ of estuaries 
has raised concerns about the loss of diversity of estuarine habitats and a concomitant decline of 
ecosystem functioning, in addition to consequences related to recreational, navigational and 
amenity values of the estuaries. Therefore, mangrove removal is a common response to mangrove 
expansion in New Zealand, with little consideration of the ecosystem services that may be impacted, 
either positively or negatively, due to mangrove clearance. The New Zealand practice of mangrove 
removal contrasts strongly with international efforts to restore and expand mangrove area, with the 
goal of enhancing coastal safety by (re-)establishing the attenuating and stabilizing effects of 
mangroves. Moreover, in the face of expected sea-level rise, accelerated sedimentation in mangrove 
forests could provide coastal zones with a natural resilience that engineered structures are lacking. 
Another benefit of mangrove expansion is the potential for carbon burial, combating increasing 
carbon emissions that are aggravating the severity and impacts of climate change. This presentation 
will address lessons learned from the expanding mangroves in New Zealand, focussing on their 
(changing) biophysical, ecological and carbon dynamics, as well as local management practices 
coping with mangrove expansion. We will also discuss the known and unknown effects of mangrove 
clearance and will conclude with an outlook for New Zealand mangroves and their management. By 
doing so, we aim to provide a useful view on the dynamics and management of coastal areas where 
mangroves are expanding, either naturally (as in New Zealand) or as a result of successful mangrove 
restoration schemes. This work is part of the book ‘Threats to Mangrove Forests: Hazards, 
Vulnerability, and Management’ (to be published in March 2018). 
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At the interface: Investigating the soil organic carbon in South Australian mangrove and 
tidal saltmarsh soils 
 
Christina Asanopoulos1, Lynne Macdonald, Jeff Baldock and Timothy Cavagnaro. 
 
1University of Adelaide, School of Agriculture, Food and Wine; PMB 1 Glen Osmond; S.A. 5064 
Australia ; christina.asanopoulos@adelaide.edu.au  
 
Occurring at the land-sea interface, mangrove forests, tidal saltmarshes and seagrass meadows are 
recognised as significantly important ecosystems both environmentally and economically, yet, still 
remain under threat by land use change and pollution. In recent years, there has been an increasing 
trend in research of the organic carbon (OC) sequestration potential in these ecosystems, termed 
“blue carbon”, as a means for climate change mitigation. Carbon (C) sequestration in blue carbon 
ecosystems is dominated by the capture of atmospheric carbon dioxide (CO2) through 
photosynthesis and subsequent storage as OC in above and below ground woody tissues and soils. It 
has been suggested that current global carbon budgets do not account for the OC sequestered in 
blue carbon ecosystems, which may be up to 956 tonnes of C per hectare (t C –ha) for mangroves, 
593 t C –ha for tidal salt marshes and 142.2 t C –ha for seagrass ecosystems. However, much of the 
previous research on carbon storage within blue carbon ecosystems is based on estimates of carbon 
burial through sediment accretion rates and is limited to tropical regions. This research aims to 
quantify and characterise the composition of OC stocks in the surface, top 10 cm, soils of mangroves 
and tidal saltmarshes.  Soils were collected from nine sites, located along South Australia’s coastline 
between Adelaide and Port Augusta.  The sites were surrounded by a diverse range of land uses such 
as broad acre agriculture, horticulture, and industrial/urban use. A suite of analytical tools including 
dry combustion C and Nitrogen (N) analysis; particle size fractionation; mid-infrared (MIR) and 
nuclear magnetic resonance (NMR) spectroscopy were applied to the soils sampled from the 
mangrove and tidal saltmarsh sites sampled.  The acquired data will be used to develop a framework 
to predict OC turnover under different nutrient loads and identify OC more vulnerable to loss. 
Indications of the potential impact of agricultural inputs on OC decomposition based on the OC 
composition in these systems will be discussed. The data and understanding generated from this 
research will aid in defining land use management that minimises the risk of degradation and loss of 
these naturally occurring ecosystems and quantifies their potential role in climate change mitigation. 
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Phragmites australis, salinity and the shorelines of the Gippsland Lakes: an answer to a 
50-year old riddle? 
 
Paul I Boon 1, Doug Frood2, Alison Oates3, Jim Reside4 and Neville Rosengren5 
1 School of Geography, The University of Melbourne, Parkville VIC 3010; paul.boon@unimelb.edu.au 
2 Pathways Bushland & Environment, P.O. Box 360, Greensborough, VIC 3088 
3 Oates Environmental Consulting, 2/44 School Avenue, Newhaven VIC 3925 
4 Wildlife Unlimited, P.O. Box 255, Bairnsdale, VIC 3875 
5 Environmental Geosurveys, 1/22 Belmont Road, Ivanhoe VIC 3079 
 
The Ramsar-listed Gippsland Lakes cover 60,000 ha in south-eastern Australia and consist of four 
large coastal lagoons of variable salinity, fed by five river systems, surrounded by extensive mosaics 
of fringing brackish-water wetlands. Transcripts of early explorers' reports in the mid-19th century 
indicate that Common Reed, Phragmites australis, was once abundant across the Gippsland Lakes. In 
the mid-1960s the geomorphologist ECF Bird reported a loss of P. australis from many parts of the 
Gippsland Lakes and proposed that increased salinity, originating from the opening of the Lakes to 
the ocean in 1889 with the creation of Lakes Entrance, as the causative factor. Bird proposed a 
surface-water salinity of ~10 PSU as the limit for P. australis in the Gippsland Lakes. Although 
substantial declines in the reed beds have continued to be reported in the intervening 50+ years, 
with increasing salinity almost always posited as the primary causative factor, P. australis has 
persisted in various areas, even in environments with near-oceanic salinities. Given the decisive role 
that P. australis plays in shoreline stability, the factors responsible for the loss of reed beds in parts 
of the Gippsland Lakes and their persistence in others needs to be resolved. Three explanations are 
possible. Seasonal variations in surface-water salinities (Explanation 1) cannot account for the 
persistence of reed beds in saline parts of the Gippsland Lakes, nor can a freshwater subsidy 
provided by intrusions of non-saline groundwater into the root zone of plants living in saline areas 
(Explanation 2). Experimental trials of plants with contrasting provenance, grown under various 
salinity regimes during the growth season of 2014−2015, showed that specimens collected from 
different areas of the Gippsland Lakes could grow in salinities of >16 PSU. This results suggests that 
the progressive selection of salt-tolerant strains is the most likely explanation for the continued 
persistence of P. australis in saline parts the Gippsland Lakes (Explanation 3). 
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Saltmarsh Restoration in the Hunter Estuary – A Partnership Approach 
 
Boyd Carney1 and Tim Mouton2 
 
1National Parks & Wildlife Service, Hunter Region, PO Box 351 Jesmond NSW 2250; 
boyd.carney@environment.nsw.gov.au 
2Conservation Volunteers Australia, Hunter Region, 44 Bishopsgate St Wickham NSW 2293;  
tmouton@cva.org.au 
 
Hunter Wetlands National Park (HWNP) contains large areas of saltmarsh, which is listed as an 
Endangered Ecological Community (EEC) under state and federal legislation, and contains significant 
habitat for threatened and migratory shore birds.  There has been a 41% decrease in saltmarsh area 
within the Hunter Estuary Ramsar site since the time of listing in 1984, and recent studies show that 
this trend is continuing. Saltmarsh habitat in HWNP is under threat from weed invasion by Juncus 
acutus (Sharp Rush) and anthropogenic mangrove recruitment, which both displace saltmarsh 
vegetation reducing the area available for shorebird foraging and roosting. Due to the double state 
and federal listing, and current threats facing saltmarsh, National Parks and Wildlife Service (NPWS) 
have placed a priority on managing this habitat. A collaborative approach is being used to manage 
these threats in HWNP. NPWS and Conservation Volunteers Australia (CVA) are working alongside 
Hunter Bird Observers (HBOC), Newcastle Coal Infrastructure Group (NCIG), and Worimi LALC 
undertaking Juncus acutus control and selective mangrove removal within the Park to improve the 
condition of saltmarsh and shorebird habitat. This work also forms part of CVA’s Revive Our 
Wetlands national program targets. National Parks and Wildlife Service, CVA and HBOC recently 
collaborated on a shorebird habitat restoration project over 2 years, funded by the NSW 
Environmental Trust. The main focus of this project was to restore 144 ha of shorebird habitat in 
saltmarsh by reducing the density of Juncus acutus infestations by 80%, and removing mangroves 
from saltmarsh and mud flats over 115 ha. NWPS recently received additional funding in 2018 from 
the NSW Saving Our Species program, to continue Saltmarsh restoration in HWNP over 3 years, with 
the aim of further reducing weed densities by 98%, and maintaining mangrove invasion over 500 ha. 
As part of this work, CVA and NPWS developed an ecological monitoring program to assess the 
effectiveness of various chemical treatments and treatment seasons to control Juncus acutus. Trial 
plots were established for each treatment method, recording the rate and percentage cover of 
Juncus acutus die-back, and percentage cover of salt marsh species recruitment after treatment. 
After 2 years of monitoring it was determined that treatment with Glyphosate at a 1:50 ratio proved 
to be the most effective, compared to other treatments such 1:100 Glyphosate ratio, and slash and 
spray techniques. As part of the monitoring project CVA developed a partnership with Hunter Tafe, 
engaging students undertaking Conservation and Land Management course, to continue long term 
data collection at the monitoring sites. Newcastle Coal Infrastructure Group also manage 
compensatory shorebird habitat areas within HWNP, and provide CVA with funding to undertake 
management activities, including mangrove removal and Juncus acutus control. This work 
contributes to the community engagement outcomes of both organisations by using supervised 
community engagement teams consisting of local and international volunteers to undertake this 
work. 
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Design and Establishment of a Large-Scale Saltmarsh Experimental Field Site 
 
W Glamore1, M Sedat-Noori1, T Gaston2, A Chamers2, C Rankin2, P Reid3, P Nelson4, J Ruprecht1, and 
D Rayner1 
1Water Research Laboratory, School of Civil and Environmental Engineering, University of New South 
Wales, Sydney, NSW Australia 
2Faculty of Science, University of Newcastle, Newcastle, NSW Australia 
3Newcastle Coal Infrastructure Group, Newcastle NSW Australia 
4Hunter Wetlands Centre, Shortland NSW Australia 
 
An experimental large-scale field site has been established in the lower Hunter River estuary, south-
eastern Australia. The 24-hectare site is being instrumented to investigate the linkages between 
saltmarsh establishment and (i) hydrology, (ii) sediment characteristics, (iii) surface/groundwater 
hydrodynamics, (iv) hydro-geochemistry, (v) macro/meio benthic community evolution, and (vi) bird 
usage throughout the restoration process. The multi-disciplinary long-term research program has 
been devised to better understand saltmarsh restoration dynamics under existing and future 
climatic conditions. The Hunter Wetlands National Park is a Ramsar listed site located in the lower 
Hunter River estuary, near Newcastle in New South Wales. Due to a range of confounding factors, 
saltmarsh ecosystems are under increasing threat and significant rehabilitation projects have been 
undertaken within the Park to encourage saltmarsh establishment and expansion. However, many 
unknowns remain regarding the ideal conditions and timeline for saltmarsh restoration. To 
overcome these knowledge gaps, and in response to Port expansion pressures, a field site was 
selected (and legally approved) as a saltmarsh research experimental site. Major preparatory works 
have been undertaken on the site including the clearing of existing vegetation, a comparison of the 
tidal dynamic conditions (at this site versus saltmarsh sites elsewhere in the estuary), and the 
installation of tidal control gates that can manipulate tidal flushing dynamics to test inundation 
strategies and trial sea level rise scenarios. A joint research program is now underway focused on 
physical (sediment, hydrodynamics, groundwater-surface water forcing), hydro-chemical (nutrient, 
microbial and geochemical interactions), flora (extent, distribution, growth patterns, etc) and fauna 
(meio/macro infauna, avifauna, fish, etc) characteristics. This presentation will describe the overall 
plans for the research site, implications for other sites, some initial findings, and opportunities to 
become involved. 
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Establishing the importance of estuarine habitats to commercial species 
 
Taylor, Matthew1, Alistair Becker1, Natalie Moltschaniwskyj1, Troy Gaston2 
1 Port Stephens Fisheries Institute, New South Wales Department of Primary Industries, Taylors 
Beach Rd, Taylors Beach, NSW, 2316  
2 School of Environmental and Life Sciences, University of Newcastle, 10 Chittaway Road Ourimbah 
NSW 2258; troy.gaston@newcastle.edu.au  
 
Two of the most important attributes that estuaries provide for the early life history stages of 
aquatic animals is food and refuge. Establishing the importance of different areas or habitats within 
estuaries is a fundamental requirement to understand the structural and functional characteristics of 
estuarine ecosystems, and also to target management measures at estuarine habitats to achieve 
fisheries outcomes. Penaeid prawns (= shrimp) represent some of the world’s most economically 
valuable fisheries. The role of subtidal channels and pools in saltmarsh habitats in supporting high 
densities of juvenile penaeid shrimp is well established, however, the role of saltmarsh as a direct 
source of nutrition for these species has been the subject of some debate. The advent of stable 
isotope ecology has seen many studies which attempt to quantitatively establish trophic links 
between saltmarsh, mangrove and exploited species. This study aimed to assess the importance and 
contribution of saltmarsh and mangrove habitats in the lower Clarence River estuary as juvenile 
habitats for Eastern King Prawn (EKP). EKP were the dominant species in the lower estuary, present 
at densities of 76-499EKP 100m-2, emigrating from the network of subtidal channels and deltaic 
islands. This area is primarily shallow, unvegetated, subtidal soft sediment with limited seagrass 
cover, but has extensive mangrove and saltmarsh habitat adjacent. The saltmarsh grass Sporobolus 
virginicus was the dominant nutritional source for EKP at all areas ranging from 45-97%. The 
proportion of saltmarsh also varied across time within a location, reflecting changes in availability of 
alternative food sources. There is a clear link between EKP and mangrove and saltmarsh habitat, 
both in the direct occupation of subtidal channels by juvenile prawns, and also in support of 
productivity from marsh-synthesised primary production. This clearly demonstrates the importance 
of these habitats for Eastern King Prawn, and that rehabilitation and restoration of the extensive 
habitats lost in the system are likely to have significant benefits for Eastern King Prawn fisheries. 
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Conflicts and Opportunities In Coastal Wetlands Under Sea-Level Rise and Infrastructure 
Pressures 
 
Steven Sandi1, Angelo Breda1, Jose F Rodriguez1, Neil Saintilan2 and Gerardo Riccardi3, Patricia Saco1 
 

1School of Engineering, The University of Newcastle, Callaghan 2308, Australia, 
jose.rodriguez@newcastle.edu.au 
2 Department of Environmental Sciences, Macquarie University, North Ryde 2109, Australia 
3 Department of Hydraulics, National University of Rosario, Rosario 2000, Argentina 
 
Under natural conditions, the sustainability and resilience of coastal wetlands to sea-level rise 
depends on the slope of the landscape and a balance between the rates of soil accretion and the 
sea-level rise. However, local man-made flow disturbances can have comparable effects. Coastal 
infrastructure affecting flow in the wetlands can pose an additional constraint on the adaptive 
capacity of these ecosystems, but can also present opportunities for targeted flow management to 
increase their resilience. Coastal wetlands in SE Australia are heavily managed and typically present 
infrastructure including flow control devices. How these flow control structures are operated 
respond to different ecological conservation objectives (i.e. bird, frog or fish habitat) that can 
sometimes be mutually exclusive. For example, promoting mangrove establishment to enhance fish 
habitat results in saltmarsh decline thus affecting bird habitat. Moreover, sea-level rise will change 
hydraulic conditions in wetlands and may result in some flow control structures and strategies 
becoming obsolete or even counterproductive. In order to address these problems and in support of 
future management of flows in coastal wetlands, we have developed a predictive tool for long-term 
wetland evolution that incorporates the effects of infrastructure and other perturbations to the tidal 
flow within the wetland (i.e. vegetation resistance) and determines how these flow conditions affect 
vegetation establishment and survival. We use the model to support management and analyse 
different scenarios of sea-level rise and flow control measures aimed at preserving bird habitat. Our 
results show that sea-level rise affects the efficiency of management measures and in some cases 
may completely override their effect. It also shows the potential of targeted flow management to 
compensate for the effects of sea-level rise.  
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Mapping the distribution and trajectory of the global intertidal zone  
 
Nicholas J. Murray1,2, Stuart P. Phinn3, Michael DeWitt4, Renata Ferrari5, Renee Johnston4, Mitchell. 
B. Lyons1, Richard A. Fuller1  
 
1School of Biological Sciences, The University of Queensland, St Lucia, QLD, Australia; 
n.murray@unsw.edu.au  
2Centre for Ecosystem Science, School of Biological, Earth and Environmental Science, University of 
New South Wales, Sydney, Australia  
3Centre for Spatial Environmental Research, School of Geography, Planning and Environmental 
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5Australian Institute of Marine Science, Townsville, 4810, Australia.  
 
Increasing human populations around the world’s coastline have caused extensive loss, degradation 
and fragmentation of coastal ecosystems. Precipitous losses of coastal ecosystems have been 
recorded around the world, which are often attributed to coastal development, sea-level rise, and 
subsidence of coastal sediments. Yet a lack of high-resolution spatial data on the distribution of tidal 
flats—one of the world’s most extensive coastal ecosystem types—has hindered our ability to 
monitor and respond to this challenge at the global scale. Here we present the first global maps of 
the intertidal zone and its changing distribution over the past three decades, providing a basis for 
monitoring, managing and protecting coastal ecosystems around the world. We used every available 
Landsat 4, 5, 7 and 8 satellite images acquired within 1-km of the coastline (N = 707,528 images) and 
an advanced machine learning classifier to map the global extent of the intertidal zone for the period 
from 1984 to 2016. Our analysis was implemented in parallel on the freely available Google Earth 
Engine, requiring nearly 100 years of computing time to complete. The intertidal maps reveal that at 
least 128,000 km2 of the earth’s surface is intertidal, concentrated in Asia, North America and South 
America. Furthermore, our map time-series illuminates the dynamic processes of intertidal change 
at a global-scale and reveals remarkable patterns of intertidal change driven by both natural and 
anthropogenic processes. Our datasets and remote sensing analysis pipeline, which will be made 
freely available in late 2018, provide means to measure and analyse critical processes affecting the 
state of the global coastal environment. 
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Opportunities for greenhouse gas abatement through management of mangroves and 
tidal marshes in Australia 
 
Jeffrey Kelleway1 and Oscar Serrano, Jeffrey A. Baldock, Rachel Burgess, Toni Cannard, Paul S. Lavery, 
Catherine E. Lovelock, Peter I. Macreadie, Pere Masqué, Mark Newnham, Neil Saintilan, Andrew D. L. 
Steven 
Department of Environmental Sciences, Macquarie University;  jeffrey.kelleway@mq.edu.au 
 
Australia, as home to large areas of mangrove, tidal marsh and seagrass, has an interest in 
opportunities for greenhouse gas abatement from these blue carbon ecosystems. In 2016, the 
Commonwealth Government commissioned a technical review of opportunities for the potential 
inclusion of blue carbon within Australia’s Emissions Reduction Fund (ERF). We used a participatory 
workshop of experts and carbon industry stakeholders to identify blue carbon management actions 
that would meet the offsets integrity standards of the ERF. In total, twelve actions were assessed for 
their greenhouse gas abatement potential and the ability to measure abatement reliably and 
consistently. We identify and discuss the most relevant and promising activities, encompassing the 
protection, restoration and creation of mangroves and tidal marshes. Mean abatement intensity was 
highest for the re-introduction of tidal flow to mangroves and tidal marshes, followed by land use 
planning for sea-level rise for the creation of new mangrove habitat. The avoided disturbance of 
existing mangroves and tidal marshes has the twofold benefit of avoiding remineralisation of existing 
stocks, plus future annual abatement. Despite advances in the quantification of carbon stocks and 
accumulation, there remains considerable knowledge gaps and technical aspects that need to be 
addressed. 
 
  

mailto:jeffrey.kelleway@mq.edu.au


2018 Australian Mangrove and Saltmarsh Network Conference, Abstract Booklet, April 2018 

38 

 

CO2 and CH4 emissions and tidal carbon exports from mangroves 
 
Judith A. Rosentreter1, Damien T. Maher, Dirk V. Erler, Rachel Murray, Bradley D. Eyre 
 
Centre for Coastal Biogeochemistry Research, School of Environment, Science and Engineering, 
Southern Cross University, PO Box 157, Lismore, NSW, Australia; judith.rosentreter@scu.edu.au 
 
Mangrove forests are highly productive and one of the most carbon-rich ecosystems in the world. 
This presentation will give an overview of our mangrove carbon cycling work from north 
Queensland, Australia. Wet and dry season pCO2, CH4, alkalinity, DIC, DOC and POC concentrations 
were measured over two tidal cycles in three tropical mangrove creeks. Emissions of CO2 and CH4 
from mangrove waters were estimated by incorporating gas- and site-specific transfer velocities (k). 
Using our high-resolution evasion rates and previously published data, revised global CO2 emissions 
were estimated to be 34.1 ± 5.4 Tg C y-1 and CH4 emissions were estimated to be 0.21 ± 0.04 Tg C y-1 
from mangrove waters. Accounting for mangrove ecosystems being 50% of the time inundated 
(water-atmosphere flux) and 50% of the time exposed (sediment-atmosphere flux), we show that 
sediment and water CH4 emissions have the potential to partially offset ‘blue carbon’ burial in 
mangrove sediments on average by 20% using the 20-year global warming potential. A sensitivity 
analysis of mangrove CH4 emissions and carbon burial scaled over different latitudinal regions (5° 
steps) showed that burial offsets by CH4 emissions may be as high as 67% at mid latitudes (20 - 25°). 
Mangrove carbon exports accounted for ~10% of the total terrestrial carbon loads to the Great 
Barrier Reef, which shows that outwelling of organic and inorganic carbon from floodplain 
mangroves is an important carbon source to estuaries and nearshore coastal waters. Despite high 
seasonal and inter-site variability, we found that total alkalinity loads were always higher than DIC 
loads, suggesting that alkalinity exports have the potential to buffer coastal waters against ocean 
acidification. This may be particularly important for near shore inner coral reefs that are significantly 
affected by coastal runoff.  
  

mailto:judith.rosentreter@scu.edu.au


2018 Australian Mangrove and Saltmarsh Network Conference, Abstract Booklet, April 2018 

39 

 

Spatial variability of coastal wetland carbon 
 
Christopher Owers1, Kerrylee Rogers1, Debashish Mazumder2, Colin Woodroffe1 
1School of Earth and Environmental Sciences, University of Wollongong, Australia;  
cjo766@uowmail.edu.au  
2Australian Nuclear Science and Technology Organisation, Australia 
 
Coastal wetlands are particularly efficient at sequestering atmospheric carbon. As processes 
operating within coastal wetlands vary spatially, it is expected that carbon sequestration will also 
vary in space and over time as wetlands undergo geomorphological evolution. Consequently, 
oversimplifying the effect of spatial and temporal variability on processes operating in coastal 
wetlands, may result in significant under or overestimation of carbon storage. Vegetation type is a 
significant control on carbon sequestration, with distinct zones establishing along environmental 
gradients where edaphic conditions, correspond to the physiological tolerance of species. Edaphic 
conditions are influenced by inundation and therefore vegetation zones can be defined by the 
interaction of tides with underlying sediments. We proposed that the relationship between 
inundation, here characterised into hydrogeomorphological units, and vegetation, is the primary 
control on soil carbon storage within coastal wetlands. To investigate this relationship, vegetation 
distribution and structure of mangrove and saltmarsh was initially delineated using innovative 
remote sensing techniques for several sites in southeast Australia. Sediment cores were extracted 
from wetlands on the basis of delineated vegetation complexity to characterise the variation in 
carbon storage within sediments to 2 m depth. We found that vegetation distribution and structure 
correlated with soil carbon storage to a depth of 30 cm, corresponding to the rooting zone of 
dominant vegetation in situ. Below 30 cm sediment depths, hydrogeomorphological units were 
demarcated by translating surface sediment characteristics down core, and carbon sources were 
validated using stable isotope analysis (δ13C). We found that soil carbon storage corresponded to 
the prior distribution of hydrogeomorphological units and stored carbon was related to prior 
vegetation distribution. This study demonstrates that much of the carbon stored beneath saltmarsh 
can be attributed to prior mangrove distribution associated with an earlier wetland evolutionary 
stage. High organic matter accumulation corresponded to areas of high inundation frequency, 
whereas low inundation frequency was associated with carbon sequestration over longer periods of 
time. Our results demonstrate that spatial variation in soil carbon storage is primarily influenced by 
available accommodation space. Methods of assessment need to shift, from reporting carbon 
storage by attributing stored carbon to in situ vegetation, to an approach that considers carbon 
sequestration variation in space and over time as wetlands undergo geomorphological evolution. 
This is particularly important for wetland restoration of ecosystem services in terms of identifying 
areas of high carbon sequestration potential. 
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Accommodation space and substrate sediment composition influences on intertidal 
wetlands surface elevation dynamics 
 
Kirti K. Lal and Kerrylee Rogers 
School of Earth and Environmental Sciences, University of Wollongong, Australia 
 
In a future of continuing sea-level rise, there is increasing concern about the fate of intertidal 
wetlands, including mangroves and saltmarshes, as they occur at the dynamic interface between 
land and the sea. Shallow (sSET) and deep rod-Surface Elevation Table (rSET) and Marker Horizons 
(MH) provide the means to monitor the contribution of organic and mineral materials to wetland 
substrates over relatively short periods of time (up to decades). These techniques have been used 
concurrently for the first time in SE Australian wetlands at Comerong Island, located at the entrance 
of the Shoalhaven River. SET-MH stations were distributed at varying distances along Comerong 
Creek to characterise different positions within the tidal frame. SET-MH was specifically positioned 
at mid-tidal position where vegetation was characterised by Avicennia marina trees, intermediate-
tidal position where A. marina shrubs and Sporobolus virginicus dominated, and high-tidal position 
where vegetation included dwarf A. marina and saltmarsh species. In doing so, inundation frequency 
inversely correlated with distance from the creek entrance, and distance from the creek entrance 
was the primary control on inundation frequency rather than elevation. Pairing of sSET, rSET and MH 
provided the opportunity to distinguish processes of autocompaction and consolidation of 
belowground substrates in the i) deep zone (below 35 cm), ii) shallow zone (top 35 cm), and iii) 
sedimentation occurring at the surface. Changes to soil volume in the shallow zone was inversely 
proportional to position within the tidal frame with mid-tidal positions exhibiting expansion in the 
shallow substrate volume, while consolidation of sediments dominated soil processes at high-tidal 
positions. This spatial pattern in substrate volume was amplified when considering deep sediments. 
The overall effect of these changes was an increase in substrate elevation at mid-tidal positions (8.5 
mm over the 2-year study period) and a significant decrease in substrate elevation at high-tidal 
positions (2 mm). Differences in substrate elevation change over the study period varied significantly 
on the basis of position in the tidal frame (p=0.0117), and over the study period (p=<0.0001). As 
sedimentation was not significantly different between tidal positions (p=0.8037), but did vary over 
the study period (p=0.001), it can be established that the spatial variation in substrate elevation is 
controlled by processes operating below the surface. We surmise that at high-tidal positions, 
consolidation of the substrate dominates below-ground processes with relatively little additions of 
organic root material to the substrate volume. This contrasts with changes occurring at mid-
elevations where mangrove trees can efficiently add root volume to substrates leading to significant 
increases in substrate elevation. This study demonstrates the interacting effect of position in the 
tidal frame and vegetation productivity on substrate elevation adjustment. In the context of rising 
sea levels, this study indicates that mangrove trees positioned lower in the tidal frame have greater 
capacity to increase substrate elevations than less productive vegetation positioned higher in the 
tidal frame. 
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Next steps for Blue Carbon in Indonesia 
 
Frida Sidik, Anissa Lawrence, Tonny Wagey 
 
1 The Institute for Marine Research and Observation, Ministry of Marine Affairs and Fisheries, 

Perancak,  Bali, Indonesia 
2 TierraMar, Coffs Harbour, NSW, Australia 
3 Indonesia Climate Change Trust Fund, Jakarta, Indonesia 
 
As the country with more blue carbon ecosystems than any other country on earth, Indonesia has 
great motivation to develop a coordinated and comprehensive response for conserving and 
managing its mangroves and seagrass for mitigation and adaptation against climate change, ensuring 
food security and improving community livelihoods. For the last seven years, blue carbon has evoked 
much scientific interest in Indonesia and this has driven the policy makers to identify a need for clear 
policy, management and research direction and priorities as well as delivery into the future. 
Following the Ministerial announcement of Indonesia’s commitment on blue carbon in IPCC 2017, 
and under the direction of the National Development Planning Agency (BAPPENAS), the Indonesia 
Blue Carbon Strategy Framework (IBCSF) was introduced as a coordinated framework for addressing 
blue carbon ecosystems. IBCSF facilitates coordinated effective action to conserve and manage blue 
carbon ecosystems. The early stage of implementation will take place through the development of 
the white paper of blue carbon for the National Mid-Term Plan and the establishment of Blue 
Carbon National Secretariat. Apart of policy progress, we identified there has been good investment 
in addressing blue carbon science gaps, especially for mangroves. However, there is still much to do 
and this contribution needs to be expanded to strengthen knowledge for carbon in seagrass which is 
still lacking for Indonesia. The IBCSF seeks to provide a coordinated response to address these gaps 
to inform policy at all levels of government. 
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The fate of mangroves in the Jakarta Bay in the context of Giant Sea Wall Master Plan 
 
Daniel Murdiyarso1 and Bambang Nugraha2 
1Center for International Forestry Research, Jl. CIFOR, Situgede, Bogor 16115, Indonesia 
2Center for Marine Research, Ministry of Marine Affairs and Fisheries, Jl. Pasir Putih II Ancol Timur, 
Jakarta 14430, Indonesia 
 
In 1997 the mangrove cover of the 72 km long Jakarta Bay was 23,232 ha. Extensive removal in the 
past 20 years only leave around 323 ha of mangrove in three blocks of Muara Kamal in the West, 
Muara Angke in the middle, and Muara Gembong in the East, the estuaries  well connected to fresh 
water ways and densely populated Jakarta Metropolitan. The plan to have extensive sea dykes, 
known as Giant Sea Wall as part of the National Capital Integrated Coastal Development will have 
significant challenges as well as opportunities for the remaining mangroves. Both conservation of 
the existing mangroves and rehabilitation of the degraded mangroves should have appropriate 
attention when evidence and messages can be conveyed properly. Given the coastal subsidence rate 
of 15‐20 cm yr-1 and regional mean sea level rise of 6.78 mm yr-1, mangroves as land builder can 
contribute to cope with these devastating impacts. Activating the recently enacted Regulation on 
mangroves ecosystem management strategies (Coordinating Economic Ministry No. 4/2017) is 
identified as one of the legal basis of the best practices. The implementation could go beyond the 
Jakarta Bay and combination of conservation and rehabilitation efforts should be pursued. 
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Variability of CO2 and CH4 emissions from the soil and the water column of a Rhizophora 
mangrove forest (New Caledonia) 
 
Cyril Marchand1, Adrien Jacotot1,2b, Michel Allenbach2 

1IMPMC, Institut de Recherche pour le Développement (IRD), UPMC, CNRS, MNHN, Noumea, New 
Caledonia, France; cyril.marchand@ird.fr 
2Université de la Nouvelle-Calédonie, ISEA, EA 7484, BPR4, 98851, Noumea, New Caledonia 
 
Due to their richness in soil organic matter, mangroves have been shown to be a net source of 
greenhouse gases to the atmosphere. However, the variability of these emissions remains poorly 
characterized and understood. We, thus, investigated these emissions in a Rhizophora mangrove 
forest in New Caledonia. Fluxes were measured using closed incubation chambers connected to a 
CRDS analyzer both at the soil-air interface at low tide and at the water-air interface when the 
mangrove was immerged. From the soil, it appeared that temperature and biofilm development 
were the main factors controlling greenhouse gas emissions, whereas fluxes from the water column 
were mainly driven by tides (type, period, amplitude). From the soil, CO2 and CH4 fluxes ranged from 
31.34 to 187.48 mmol m-2 d-1 and from 39.36 to 428.09 µmol m-2 d-1, respectively, whereas from the 
water column, they ranged from 3.00 to 441.75 mmol m-2 d-1 and from 4.32 to 4,129.75 µmol m-2 d-1, 
respectively. At the water-air interface, δ13CO2 values ranged from -26.88‰ to -8.6‰, suggesting a 
mixing between CO2-enriched pore-waters and estuarine incoming waters. In addition, more 
depleted δ13CO2 values combined with higher CO2 and CH4 emissions were measured during spring 
tides, suggesting a higher contribution of soil-produced gases due to the flooding of a higher volume 
of mangrove sediments and enhanced GHG production resulting from a greater electron acceptor 
renewal within the soil. This latter process may also explain the higher range of GHG emissions from 
the water column than from the soil. At the soil-air interface, both CO2 and CH4 emissions showed a 
strong seasonal variability with higher fluxes measured during the warm season, and Q10 values of 
2.39 and 7.61, respectively. The mean δ13CO2 value was -19.76 ± 1.19 ‰, which was depleted 
compared to the one emitted by root respiration (-22.32 ± 1.06 ‰), leaf litter decomposition (-21.43 
± 1.89 ‰) and organic matter degradation (-22.33 ± 1.82 ‰). We suggest that this result, as well as 
the fact that CO2 fluxes were higher in the dark that at light, evidenced the use of the CO2 produced 
within the soil by the biofilm developing at its surface. 
  



2018 Australian Mangrove and Saltmarsh Network Conference, Abstract Booklet, April 2018 

44 

 

Salt pond restoration for Blue Carbon benefits 
 
Sabine Dittmann1, Luke Mosley2, Jason Quinn3, Russell Seaman3, James Stangoulis1, Erick Bestland1, 
Huade Guan1, Molly Whalen1, Kieren Beaumont1, Gabriel Shepherd1, Robert Costanza4, Paul Sutton5, 
Harpinder Sandhu1, Beverley Clarke6 
 
1 College of Science and Engineering, Flinders University, GPO Box 2100 Adelaide SA, 5001. 
2 School of Biological Sciences and Acid Sulfate Soils Centre, University of Adelaide, Waite Campus, 
PMB 1 Glen Osmond, South Australia 5064 
3 Coastal Management Branch, Department of Environment, Water and Natural Resources, Adelaide, 
South Australia 5001 
4 Australian National University, Crawford School of Public Policy, Canberra ACT 2601 
5 Department of Geography and the Environment, University of Denver; Denver CO 80208-0710 USA, 
and University of South Australia, School of Natural and Built Environments, Mawson Lakes SA 5095 
6 College of Humanities, Arts and Social Sciences, Flinders University, GPO Box 2100 Adelaide SA, 
5001. 
 
Where tidal wetlands have been replaced by ponds for salt production, ecosystem functions and 
services contrast those from undisturbed wetlands. This presentation will give an overview on a 
project funded by the Goyder Institute to investigate whether the restoration of salt ponds can 
return these functions and services, in particular the carbon capture and sequestration. Following 
the tidal reconnection of a trial pond, we have been following the carbon stocks in soil and 
vegetation within the pond, an adjacent area degraded by leakage of saline water, and a nearby 
reference site. To evaluate carbon sequestration, sediment accumulation rates are being 
determined from inside the trial pond and from the reference site. Greenhouse gas fluxes are also 
measured from the sites and a nearby salt pond still flooded with hypersaline water. Re-vegetation 
in the trial pond has naturally commenced after six months of reconnection to tidal water exchange. 
In addition to understanding the processes enabling restoration and carbon capture, we are also 
determining co-benefits, such as ecosystem services derived from salt field restoration and 
community perception of tidal wetlands. Findings from the trial will inform restoration options for a 
larger array of salt fields in South Australia and the carbon offset potential and co-benefits that can 
be derived from restoring salt ponds to saltmarsh and mangrove. 
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Natural and regenerated saltmarshes within an urban environment exhibit similar 
ecosystem functions 
 

Nadia S. Santini1,2*, Catherine E. Lovelock3, Quan Hua4, Debashish Mazumder4, Atun Zawadzki4, Paul 
Adam1, Tim R. Mercer5,6, Miriam Muñoz-Rojas1,7, Simon A. Hardwick5, Bindu Kanakamedala5, Swapan 
Paul8, Will Cornwell1, Ezequiel M. Marzinelli1,9,10, Torsten Thomas1 & Adriana Vergés1 
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Globally, saltmarsh vegetation cover has been greatly reduced since the mid 19th century as a result 
of sea level rise and multiple factors that facilitate agricultural and urban use. In recent decades, 
restoration efforts have attempted to re-establish lost saltmarsh communities and the ecosystem 
functions they provide, such as carbon sequestration. Here, we assess carbon stocks and ecosystem 
functions of natural and restored saltmarshes within a setting that has undergone major 
anthropogenic influence: the Sydney Olympic Park in New South Wales. We quantified carbon stock, 
root production, soil respiration and microbiomes to examine the following hypotheses: 1) carbon 
stocks are higher in natural saltmarshes compared to regenerated saltmarshes, 2) root production 
contributes significantly to soil carbon stocks, 3) aboveground biomass and soil respiration are 
associated to soil microbiomes and 4) microbial communities from natural saltmarshes are more 
diverse than those from regenerated areas. To understand the responses of saltmarshes to 
environmental changes and their sustained productivity, we also determined rates of carbon 
sequestration in the natural areas, where soils are undisturbed, through 210Pb and 14C dating of 
sediment. Carbon from aboveground biomass was significantly higher (p<0.05) in the natural 

compared to the regenerated habitat (4.77  0.34 Mg C ha-1 and 1.62  0.08 Mg C ha-1, respectively). 
In contrast, carbon from belowground biomass and soil carbon stocks from shallow depths (0 to 30 

cm) were similar among habitats. Values of soil carbon stocks were 646   88 Mg C ha-1 in the natural 

habitat and 478   89 Mg C ha-1 in the regenerated habitat. The age of sediments at 10 to 20 cm 
depth in the natural habitat determined by 210Pb ranged from 61 to 69 years old. Sediment age at 59 
to 60 cm varied from 894 to 1107 years old and at 99 cm depth, sediment was from 1314 to 1753 

years old. Mean carbon sequestration rate in the last 60 years in the natural habitat is 1.02  0.12 

MgC ha-1 yr-1 and in the last 100 years 0.64  0.12 MgC ha-1 yr-1. After 11 months of field deployment, 
there were no consistent differences in root production between natural and regenerated habitats, 
and root production did not explain soil carbon stocks. Soil respiration was significantly higher in the 
topsoil compared to the deeper soil and there was a strong linear relationship between 
belowground biomass and soil respiration (r2=0.71, p=0.03). -diversity index (values) for 
the microbial communities were similar among our natural and regenerated habitats, but we found 
that an increase in the proportion of Proteobacteria explained decreases in aboveground biomass. 
Our study shows that carbon stocks from soil and belowground biomass are similar among natural 
and regenerated habitats, and that taxonomical composition of the soil microbiomes was related 
with decreases in aboveground biomass and thus their associated carbon stocks. We conclude that 
saltmarsh regeneration during the 2000-Sydney Olympic Games have been successful, recovering 
overall ecosystem function and contributing to the conservation of these valuable communities.  
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Restoration of a salt pond by tidal reconnection and the potential vegetation carbon stock 
 
Kieren Beaumont, James Stangoulis, Molly Whalen, Sabine Dittmann 
College of Science and Engineering, Flinders University, GPO Box 2100 Adelaide SA, 5001; 
kieren.beaumont@flinders.edu.au; james.stangoulis@flinders.edu.au; 
molly.whalen@flinders.edu.au; sabine.dittmann@flinders.edu.au  
 
Mangrove and saltmarsh ecosystems face substantial pressures from coastal development and sea 
level rise. The expansion of the area available to these ecosystems will play a critical role in their 
conservation but require an understanding of the capacity of plant communities to regenerate in 
degraded environments.  A large area north of Adelaide, South Australia, has been used for salt 
production.  We are currently investigating the establishment of mangrove and saltmarsh 
communities within a former evaporation pond used for salt production but which is now 
reconnected to tidal flows as part of a restoration trial. Our aim is to investigate whether three key 
aspects of plant community establishment, namely, seed arrival, seedbanks and plant establishment, 
are dependent upon elevation and distance from the tidal inlet.  We have deployed seed traps 
(Astroturf) to monitor seed arrival and these are associated with vegetation quadrats in which plant 
density and establishment are being recorded.  We are also assessing the germinable soil seedbank 
under glasshouse conditions.  Our initial observations indicate that Sarcocornia quinqueflora and 
Suaeda australis are the first to colonise the banks of the main tidal channel, likely as a result of seed 
sources dispersed from locations external to the pond.  Also, given these species have short juvenile 
periods, we expect early colonists to rapidly contribute the seed supply within the trial pond. 
Increasingly, coastal ecosystems such as mangroves are recognised as being carbon rich.  Thus, one 
outcome of coastal restoration is the potential value of additional carbon stocks (“blue carbon”), 
which may be included in carbon offset and trading schemes.  As a part of our project, we also aim 
to estimate the potential carbon stock that may be gained as a result of tidal reconnection.  We will 
report our estimates of the above- and below-ground vegetation carbon pool at nearby intact 
mangrove and saltmarsh communities. 
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Does ecosystem size matter for trophic structure of fish: an isotopic comparison between 
tropical and temperate mangrove ecosystems in the Indo-Pacific  
 
Debashish Mazumder1, Neil Saintilan2, Fatimah Md. Yusoff3 and Jeffrey J. Kelleway2 

1Australian Nuclear Science and Technology Organisation, Locked Bag 2001, Kirrawee DC, NSW 2232, 
Australia; debashish.mazumder@ansto.gov.au 
2Department of Environmental Sciences, Macquarie University, Sydney, NSW, Australia 
3Institute of Bioscience/Department of Aquaculture, Universiti Putra Malaysia, 43400 UPM Serdang, 
Selangor Darul Ehsan, Malaysia. 
 
Understanding the energy and nutrient pathways, as well as the trophic linkages in food webs, is 
fundamental for the sustainable management mangrove ecosystems. We compared ecosystem 
trophic structure between a tropical mangrove forest at Matang, Malaysia and a temperate 
mangrove forest near mangrove poleward limits at Towra Point in SE Australia. These forests are 
separated by 8500 km of ocean and are of contrasting size, productivity and diversity. Despite 
dissimilarity in floristic and nekton diversity between these two locations, our results found similarity 
in food chain length and trophic structure between these mangroves. We conclude for these 
similarities by suggesting a degree of evolutionary divergence while maintaining the integrity of 
trophic interactions within mangroves of the Indo-Pacific. The results suggested a high degree of 
trophic dependence and sourcing carbon ultimately from the same basal source in both systems and 
energetic support mangroves provide to top-order predators of importance to fisheries.  
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Seagrass & Mangrove Revegetation: Western Port Victoria 
 
Ian Stevenson 
Western Port Seagrass Partnership (WPSP), Western Port, Victoria, P.O. Box 2590 Mt. Waverley 
Victoria 3149;  stevensonian2014@gmail.com; info@seagrass.com.au 
 
The restoration of seagrass, mangrove and saltmarsh has been the primary focus of the NGO 
Western Port Seagrass Partnership for over a decade. Sediment loads from catchment, cliff erosion 
and tidal resuspension have resulted in extensive dieback of seagrass in Western Port since the 
1970s. This is particularly evident in Western Port’s Eastern Arm, which receives waters from an area 
that once formed Koo Wee Rup Swamp.  It has since been extensively drained, dredged and farmed 
for over one hundred years.  These changes have increased sediment inputs to Western Port, 
particularly along an 8 km. section of coastline that once abutted the swamp where 2-metre-high 
peat cliffs are eroding at 40 cm/year.  Occasional inundation from storm surges also occurs in this 
region - up to one kilometre inland. Efforts to restore habitat from these human disturbances 
require innovation.  Some techniques have been devised to revegetate both seagrass and mangrove 
cover and abundance.  A lack of success in seagrass re-establishment, which was attributed to high 
sediment loads or current dynamics, resulted in WPSP focusing on the establishment of white 
mangroves Avicennia marina as a means of reducing sediment inputs from eroding peat cliffs.  
Attempts to re-establish the natural coastal features while reducing high sediment levels have led to 
documented research.  Survival and growth have been compared with the variables of: 

 Different coastal regions (Lang Lang North, Lang Lang South, Grantville) 

 Direct seeding and seedling planting techniques 

 Physical protection versus no protection 

 Role of barnacle infestation in plant health and growth 

 Role of bacterial root symbiosis as a source of nitrogen  

 Social attitude importance 
This presentation will describe these points with particular emphasis on mangrove restoration. 
Given a seemingly lack of practical findings for seagrass, saltmarsh and mangrove restoration in 
southern Australia, the long-term research experiences of Western Port Seagrass Partnership 
provide insights for comparative on-ground experimentation.  Importantly, interaction with regional 
rural and urban communities across the entire catchment is critical to support long-term restoration 
efforts.  Government input to coastal and catchment planning is also strategically critical to ensure 
any long-term success and custodianship.   
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Tidal propagation across a muddy mangrove forest in the Firth of Thames, New Zealand 
 
Karin R. Bryan1, Rebekah Haughey1, Erik M. Horstman1, Julia C. Mullarney1 
1 Coastal Marine Group, School of Science, University of Waikato, Private Bag 3105, Hamilton, NZ; 
k.bryan@waikato.ac.nz  
 
The evolution of morphology in intertidal regions is critical to understanding how low lying coastal 
regions will respond to sea level rise. Recent work has shown that some marsh and mangrove 
ecosystems may modify the morphology, and allow the seabed to evolve upward with rising sea 
level, thus alleviating the pressure on coastal adaptation. However, models for flow in vegetated 
regions are still in their infancy, and very few studies test predictions. In particular few studies 
consider  high-friction mangrove environments which dominate tropical and sub-tropical low energy 
coastal ecosystems. Here, we develop a Delft3D model to compare model predictions with 
observations of tidal currents and water levels over a shallow, muddy, rapidly prograding mangrove 
environment in the Firth of Thames, New Zealand. Model performance is determined with respect to 
current  magnitude, and ebb and flood asymmetry patterns across the fringing environment of the 
forest. Instruments were deployed to measure currents and water levels within the main bay and 
along a transect across the forest fringe in April and November, 2016. The forest consisted of 

Avicennia marina, growing in a substrate of fine sediment (d50~10 m). Elevation was surveyed 
using an RTK-GPS, showing rapid progradation. The effect of vegetation on tidal flow was modelled 
with the Baptist formulation available in Delft3D based on measurements of pneumatophore and 
tree characteristics collected in the field. Distribution of vegetation was extracted from satellite 
imagery. The tidal currents within the main bay were flood dominant which was well predicted by 
the model, and there was a small lateral circulation which was more challenging to reproduce. The 
tidal currents just seaward of the forest were ebb-dominant, and shoaled quickly at the steep 
seaward fringe. As the tidal wave propagated over the flat forest surface, currents became quickly 
flood dominant, and diminished in size. The vegetation damped the ebbing tide so that the water 
level displayed a recession curve more typical of a river than of a tidal environment. Comparison 
with observations demonstrate that the ebb-flood asymmetry is well produced at high and mid tide, 
but the conditions are poorly reproduced when water levels are very low. The flood dominance in 
the main bay is consistent with predictions of unchannelised shallow embayments. The shift to ebb-
dominance at the seaward fringe can be explained by delayed water drainage in the vegetated 
region causing a seaward sloping water level surface on the outgoing tide. The flood dominance 
within the vegetation can be explained by the nonlinear effect of friction which causes the landward 
face of the propagating tide to steepen as harmonics develop, and the dissipation damping 
reflection at the shoreline. These effects would both combine to steepen morphology at the fringe 
and flatten the forest surface.  
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Using Chenopod and grass species to stabilise and restore the Ash Storage Area at Port 
Augusta Power Station 
 
Briony Horner1, Glenn Christie1, Brad Williams2 and Dr Ben Dearman3 and Ross Fitzgerald3 
1Succession Ecology, briony@successionecology.com.au | www.successionecology.com.au  
2Flinders Power 
3McMahon Services Australia 
 
Following the closure of the Port Augusta Power station a remediation program was established to 
restore and stabilise the 273Ha Ash Storage Area (ASA). The site of the ASA was historically a 
saltmarsh bordered by mangroves. It had been used since the establishment of the first power 
station on the site in 1954 for storing the ash leftover from the burning of coal. This use continued 
until 2016 (62 years) leaving an 8m deep stockpile covering 273Ha. Over the time that the power 
station was in operation the ASA had been stabilised using sea water. When this ceased the ASA 
became unstable and prone to dust events which impacted on the local community and lead to a 
major civil and environmental project to see the site stabilised and restored. The method identified 
as the most effective restoration tool for stabilising the ASA was to cap the site with soil and direct 
seed using a ground up approach. This ground-up approach floods a site with coloniser species. On 
this site these were a mix of salt tolerant, endemic native species, adapted to the conditions in the 
region. These plants would provide the first successional step on site and provide a catalyst for 
ecosystem processes. Of particular interest for this project was their capacity to grow and reproduce 
rapidly, improve soil health and increase invertebrate and vertebrate activity. All of these were 
crucial components in the ultimate goal of building a stable and functional plant community. The soil 
cap applied to the site was to a depth of 15cm. This cap would provide enough of a soil base for the 
successful growth of coloniser species. The deposit of organic matter from these species would then 
begin soil building and promote the improvement of the ash substrate below. A total of 6 tonnes of 
native seed from 43 species was collected for this project. These ranged from C3 and C4 grasses to 
saltmarsh species such as Tecticornia sp., Atriplex sp., Maireana sp., Suaeda sp. and Rhagodia sp. 
The mix of seed included coloniser species and later successional species to allow the development 
of a functional and sustainable plant community. The seed was sown in mid-2017 using farm 
machinery and applied at a rate of 15 kg/Ha. The machinery used allowed for spreading at around 
30Ha per day. This talk will present the results of the monitoring that has been carried out following 
seeding and discuss the victories and pitfalls in such a large-scale restoration project. 
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Recreating 30 years of carbon sequestration in the Hawkesbury River, NSW 

 
Karen Lamont, Neil Saintilan and Jeffrey Kelleway 

Department of Environmental Sciences, 12WW, Macquarie University, NSW 2109, Australia; 
karen.lamont@hdr.mq.edu.au  
 
Coastal ecosystems play an integral role in carbon capture and storage. Global studies have 
estimated that 4-20 Pg of carbon is stored each year in these ecosystems, highlighting the enormous 
contribution they make to global carbon cycling and greenhouse gas mitigation. This Master’s 
project will reconstruct 30 years of decadal scale changes in carbon accumulation along the 
Hawkesbury River mangroves, through comparison of a past data set from 1989 to current data 
collected in 2018. The study aims to produce refined insights surrounding how carbon is stored over 
extensive timeframes, as well as what environmental settings are most conducive to maximising 
carbon retention. The use of past and present data allows for a highly accurate recreation of 
temporal carbon pool change, which will produce significantly less variable data than previous 
studies, improving current knowledge in the literature. Recreation of this 30-year timeline will be 
completed through repeat measures in the field, as well as radiometric analysis of 210Pb in samples, 
where the 1989 horizon will be isolated and used as a reference point to calculate on-going carbon 
accumulation rates over a 30-year period. Stable isotope analysis will also be conducted to 
determine the source of stored carbon, allowing for assessment of what the highest contributors of 
blue carbon is. Through this analysis, both the permanence and provenance of stored carbon in 
mangrove systems along the Hawkesbury can be explored, providing invaluable information of how 
we can harness this mechanism of carbon capture for future wetland management and greenhouse 
gas mitigation. Assessing the reliability of carbon sinks is crucial for economic investment in carbon 
sequestration, and thus long-term temporal studies of blue carbon are needed to fill these 
knowledge gaps. By quantifying carbon gain over an extensive period of time, we can present a 
tangible figure of carbon accumulation over a 30-year period, making it a highly significant study that 
can inform policy makers of the untapped potential that mangrove ecosystems hold. The uniqueness 
of the experimental design will also contribute to the growing body of literature, as repeat measure 
studies are almost non-existent, and thus will hopefully shift the way in which long-term blue carbon 
studies are approached.  
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Assessing the restoration of soil development processes in mangrove forests 
 
Nicole Cormier1, Ken W. Krauss2 and Kerrylee Rogers3 
1Macquarie University, Department of Environmental Sciences, Sydney, NSW, Australia; 
nxc692@gmail.com  
2U.S. Geological Survey, Wetland and Aquatic Research Center, Lafayette, LA, USA 
3University of Wollongong, Wollongong, NSW, Australia 
 
Mangrove restoration and creation efforts are often used to off-set the goods and services lost by 
mangrove destruction and degradation. However, there is concern that created wetlands are not 
functionally equivalent to their natural counterparts. While mangrove restoration projects are 
implemented the world over, few studies are conducted post-restoration to determine the long-
term growth and development of these forests to substantiate restoration success. Furthermore, 
recent interest in payment for ecosystem services or compensation for losses (e.g., carbon 
sequestration) will require greater certainty in investment return; there is now even greater need to 
verify the functional equivalency of mangrove restoration. Mangrove substrate elevation relative to 
sea level is a key component in restoration success; recolonization, germination, and survival are all 
controlled in part by soil surface elevation. Soils also provide a substrate for biotic communities and 
biogeochemical processes (e.g., carbon storage, nitrogen cycling). Soil development is influenced by 
in-situ organic matter production and sedimentation aboveground and by root production, 
decomposition, compaction and water below the soil surface. These individual wetland processes or 
soil and water inputs can be managed or restored for targeted results. Increasing the capacity of a 
coastal wetland to sequester atmospheric carbon, for example, is of particular interest because it 
can be used as a tool to help offset the effects of climate change. Using examples from the United 
States and Australia, we compared the structural and functional attributes of restored mangrove 
forests with their natural counterparts to determine the time needed to reach functional 
equivalency after restoration or wetland creation. Some of the metrics we considered include soil 
surface elevation change, vertical accretion, soil structure and composition, forest structure and 
hydrology. Although the time and resources available for post-restoration assessment are typically 
insufficient or lacking, we can learn from mangrove restoration successes and failures. Studies 
suggest that measurements of the structure and function of restored and created mangrove forests 
are necessary to determine the time and effort required to compensate for the total losses in the 
ecosystem services provided by a natural mangrove forest. Such information is essential for 
developing appropriate mangrove restoration practices and policies. Mangrove restoration will 
continue to be an important part of climate change adaptation and mitigation; therefore, it is critical 
to understand the time required to reach functional equivalency through successful restoration of 
ecosystem properties and processes. 
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Imperfect detection of mangroves using satellites 
 
Calvin Lee 
Faculty of Science Engineering & Built Environment, School of Life & Environmental Sciences, Deakin 
University; calvin.l@deakin.edu.au  
 
Satellite remote sensing (SRS) has become an important part of mangrove monitoring over the past 
few decades. Satellite data, such as Landsat imagery, provide a continuous and standardised record 
of landscape pattern which is both spatially and temporally explicit. Their extensive coverage and 
low cost allow important insights into changes in ecosystem area, structure, and function. Although 
SRS has been widely demonstrated for monitoring the dynamics of mangrove ecosystems, 
limitations to its use remain, including ignoring the uncertainties involved when classifying their 
distributions. I will describe a new set of methods for mangrove monitoring that uses statistical 
models developed for analyses of noisy ecological data, taking these uncertainties into account. 
Doing this will allow us to take advantage of the full suite of data collected from satellites and 
improve our ability to monitor mangroves around the world. These models use the concept of 
imperfect detection, a pervasive problem in SRS, to solve long-standing limitations in using satellite 
data for mangrove monitoring across long time-series. In particular, the models take advantage of 
the extensive temporal replications available in satellite data archives to account for varying map 
accuracies as a result of environmental factors (e.g. cloud cover) or modelling decisions (e.g. 
algorithm choice). Our approach aims to improve estimates of mangrove area, delivering more 
accurate estimates of significant trends in mangrove dynamics. Moreover, as detection rate is 
explicitly modelled, this approach to assessing mangrove change with satellite remote sensing can 
improve our understanding of the variables which can affect satellite detectability of mangrove 
ecosystems. This improves our ability to effectively develop a long-term standardised monitoring 
system with satellite data and to remotely detect significant abrupt change in mangrove ecosystems. 
Finally, these results can be used to better understand how threats, such as sea level rise, tropical 
storms, or drought, can impact mangrove ecosystems. 
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Physical and biological processes interact to control shallow soil subsidence rate in coastal 
wetlands 
 
Yanmei Xiong, Anne Ola, Sang Phan, Catherine Lovelock 
School of Biological Sciences, Gerhmann Labs (Building #60), Level 8, The University of Queensland, 
St Lucia, QLD 4072;  yanmei.xiong09@gmail.com 
 
Accelerating sea level rise poses a threat to mangroves and salt marshes. Sediment accretion on the 
soil surface and belowground root production induced soil expansion are proposed to increase soil 
elevation and help these intertidal habitats to maintain their position relative to mean sea level. 
However, soil surface subsidence is frequently observed, which may cancel out or even outweigh the 
positive effects of surface accretion and root production on soil elevation gains. The processes that 
lead to subsidence remain unclear. Here we used computed tomography (CT) imaging to determine 
the volume and size of macro pores (> 0.4 mm) from uncompressed soil cores (0–20 cm) from 
mangroves and salt marshes at Moreton Bay, which experience different rates of shallow soil 
subsidence. We aimed to test the hypothesis that soil macro pores are the key factor influencing 
shallow soil subsidence rate. Over four sites we found that soil subsidence rate was positively 
related to the volume and mean size of soil macro pores.  In turn, the volume and mean size of soil 
macro pores were positively related to the volume of crab burrows, but negatively related to annual 
root production and the volume of coarser soil particles (sand, shells, small rocks).  Crab burrow 
volume was linked to soil texture, with coarser texture (sand and small rocks) decreasing crab 
burrow volume. Our results suggest that shallow soil subsidence is controlled by soil macro pore 
volume and size, which is in turn a result of the interactions between soil physical, chemical and 
biological processes.  
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Phytoremediation of Cadmium (Cd) by Pneumatophore Roots of Avicennia marina in 
Coastal Kronjo  
 
Novi Utami Rosyid1, Tina2  
State University of Jakarta; novi_ochid@yahoo.com; redwonka@gmail.com  
Perum.Griya Islam BlokBC.13 Kresek, Tangerang, Banten - Indonesia 15620  
 
The purpose of this research was to determine the correlation between the rate of cadmium 
accumulation in water and the rate of cadmium accumulation in pneumatophore roots of mangrove 
Avicennia marina. The method that used by the researcher was ex-post facto correlational. The 
purposive sampling was conducted based on the density of the mangrove. The population were 
entire the waters in estuary of Kronjo and the entire pneumatophore roots of Avicennia marina. The 
sample consisted of 9 samples of water and 9 samples of roots, which were taken on 3 different 
stations. Statistical data processing techniques using the nonparametric Spearman rank correlation 
formula. The results showed a significant relationship between the level accumulation of cadmium in 
the water and the level accumulation of cadmium in the pneumatophore roots of Avicennia marina. 
The corelation value is -0.832 (strong correlation close to -1). If cadmium accumulates is high in 
water then accumulated cadmium in mangrove pneumatophore root of mangroves Avicennia 
marina is low. If accumulation of cadmium in water is low then ensured the accumulation of 
cadmium in pneumatophore root mangroves Avicennia marina is high so that the pneumatophore 
root of mangroves Avicennia marina is effective for cadmium phytoremediation especially in high 
density of mangrove. 
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Reducing Mowing of Saltmarsh in NSW Public Reserves – Lessons learnt from a 
management perspective 
 
Jillian Reynolds1 and Carla Ganassin2 
1DPI Fisheries; jillian.reynolds@dpi.nsw.gov.au; PO Box 97, Huskisson NSW 2540 
2DPI Fisheries; carla.ganassin@dpi.nsw.gov.au; Locked Bag 1, Nelson Bay NSW 2315 
 
The urbanisation of the NSW coastal fringe has resulted in patches of Coastal Saltmarsh located 
within Council managed public reserves.  Often these areas are maintained as public open space, 
which can involve the regular mowing of saltmarsh to achieve a ‘grassy’ riparian edge to the 
waterway. The historical loss of saltmarsh and the importance of preserving and restoring this 
valuable habitat has been, and is continuing to be recognised by ecologists, environmentalists and 
governments.  Coastal Saltmarsh has been listed as an ‘Endangered Ecological Community’ in NSW, 
under the Biodiversity Conservation Act, and federally, under the Environment Protection 
Biodiversity Conservation Act. In NSW, saltmarsh is also protected from direct harm under the 
Fisheries Management Act 1994 administered by DPI Fisheries. Councils now have a legal obligation 
to protect saltmarsh from harm (including mowing) as part of their foreshore management activities. 
The implementation of improved environmental outcomes along public foreshores is often at odds 
with resident and community expectations and perceptions relating to foreshore access, aesthetics 
and historical use.  Consequently the development and implementation of the legislative 
requirement for the protection of saltmarsh from mowing can be a challenge for both DPI Fisheries 
and Councils. This presentation will discuss different approaches being trialled to meet the 
requirements for the mandatory protection of saltmarsh, including bollarding off areas, community 
engagement and education, trial rehabilitation sites and offset areas. Examples discussed will come 
from coastal urbanised areas in Southern and Central NSW. Success of these approaches is strongly 
influenced by long term community use of the foreshore land, the sense of community ‘ownership’ 
of the land and other perceived impacts the saltmarsh habitat could have on property values and 
public safety concerns. Each approach has been found to have merits, drawbacks and lessons to be 
learned.  At times a balance between the best long term interests of both the environment and the 
community might need to be achieved. Even with the appropriate balance of education, 
engagement and compulsion, outcomes can be difficult to achieve without a whole of LGA / 
waterway strategy and inclination and drive from both Council staff and Councillors. 
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Upper Salt Pan Creek: a gross pollutant reduction case study 
 
Tony Wales 
Georges Riverkeeper; awales@georgesriver.nsw.gov.au 
 
Gross pollutant litter entering saltmarsh and mangroves via stormwater can negatively impact plants 
and hydrological flows while decreasing public amenity. Councils and other organisations 
responsible for waterway management have large budgets to deal with litter however there is still 
much of it present in the environment. Recently the New South Wales Government introduced a 
container deposit scheme with the express purpose of reducing litter in the environment. The 
Georges Riverkeeper program has been removing rubbish from the foreshores of Salt Pan Creek, a 
tributary of the Georges River in southern Sydney, and has been recording statistics of sub-
catchment litter removal since 2011. Two main stormwater canals drain into Salt Pan Creek. The City 
of Canterbury Bankstown Council (formerly Bankstown City Council) installed Bandalong Litter Traps 
into each of the stormwater canals, one in June 2015 and one in July 2017. Utilising the Georges 
Riverkeeper sub-catchment litter removal statistics for the upper reach of Salt Pan Creek we 
analysed changes in litter removal volumes by Riverkeeper teams and the two Bandalong Litter 
Traps show a 40% reduction of litter from pre-trap to post-trap installation. The effectiveness of the 
Bandalong Litter Traps was due to their strategic placement and an ongoing commitment by Council 
to provide suitable infrastructure to support effective routine maintenance.  The results of this work 
provide a guideline to urban saltmarsh and mangrove managers of environmental and public 
amenity improvements available through the strategic and effective management of gross pollution 
trap devices. 
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Flowering and propagule production of Avicennia marina in a southeast Australian 
temperate estuary 
 
Swapan Paul1 and Robert Williams2 
1Sydney Olympic Park Authority, 8 Australia Av, Sydney Olympic Park NSW 2127; 
Swapan.Paul@sopa.nsw.gov.au 
2NSW Fisheries (Retired) 
 
Observations of flowering and propagule production of the grey mangrove Avicennia marina have 
been made at Sydney Olympic Park (SOP) over the past decade and a half. Over this time flowers 
have been seen to be present at some sites almost the whole of the year whereas propagules were 
present in fewer months. To refine further spatial and temporal aspects of A. marina reproductive 
behaviour at SOP the relative abundance of flowers and propagules was measured at three habitat 
types: full tidal regime-full sunlight exposure, full tidal regime-limited sunlight exposure, restricted 
tidal regime-full sunlight. Six tagged trees in each habitat were visited on 18 occasions between 
August 2012 and January 2018. Mean abundance of flowers appeared to differ between time of year 
as well as between full sunlight and shaded areas but not due to tidal flushing regime. Propagule 
production appeared to differ between tidal flushing regime as well as due to light exposure. 
Propagules were not recorded over three consecutive summers and in one summer propagules 
appeared to have been lost prematurely. Probable causes of the propagule failure may relate to 
temperature shock. Where failure was prominent, drop in night time temperature by more than 
15oC was recorded in four out of six years. At the other extreme, in the summer of 2017, a massive 
loss of flowers and propagules was seen after two weeks of prolonged temperatures exceeding 35oC. 
Neither rainfall nor relative humidity appear to have been linked to the losses of flowers or 
propagules. Temperature extremes would seem to be of fundamental importance in grey mangrove 
reproductive behaviour at SOP. 
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Observations following spoil excavation and saltmarsh return to Parramatta, 12 years on 
and high rise development latter 
 
Simon Rowe 
OceanWatch Australia – Marine NRM; Locked bag 247, Pyrmont, NSW 2009; 
Simon@oceanwatch.org.au  
 
This project came about because of one man's passion, a council’s support and a well-timed grant 
initiative named OceanWatch's Tide to Table. Parramatta Council lead the removal of spoil at this 
paddock initially at a trial scale to try and restore the correct elevation and conditions for saltmarsh 
return. An enthusiastic bushcare volunteer group worked with council following this to elevate the 
site to what is now known as Baludarri wetland. I return 12 years on with camera to record the 
changes in ecology, social recognition and general change of the site and surrounds.   
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A wetter upper-marsh: anomalies and other things 
 
Jon Knight 
Environmental Futures Research Institute, Griffith University, Nathan, QLD 4111; 
j.knight@griffith.edu.au 
 
Mangrove encroachment is a significant cause of saltmarsh losses in Eastern Australia where current 
evidence suggests that increasing wetness of high-marsh is a major factor. There are a number of 
potential drivers of a wetter high-marsh: more frequent rainfall, increased runoff, restoration of tidal 
flows, and impacts of tidal anomalies. In this presentation, each of these factors is examined to 
illustrate conditions that contribute to a wetter upper-marsh. The main focus is on causes of tidal 
anomalies and specific impacts. Hydrologic records are analysed to identify actual periods when 
tides have exhibited anomalies, and contributed to a wetter upper-marsh. Also, high-resolution 
LiDAR digital elevation models of upper-marsh habitats are used to show relationships between 
topography and hydrology. While a general form of the relationship can be described by tidal 
exceedances, the topography-tide interaction is also very site specific and thus assessing impacts of 
changing conditions needs to also be very site specific.   
 

  

mailto:j.knight@griffith.edu.au


2018 Australian Mangrove and Saltmarsh Network Conference, Abstract Booklet, April 2018 

61 

 

How to engage community in saltmarsh restoration and recreation projects  

 

Geraldene Dalby-Ball 

Ecological Consultants Australia PTY LTD, T/A Kingfisher Urban Ecology and Wetlands; 

ecologicalca@outlook.com 

 

Saltmarshes does everyone love them yet? A quick look at ways to maximise the success of 

engaging people in Saltmarsh appreciate care and ongoing stewardship. If you’re going to 

restore or create a saltmarsh in an urban area it will be easier with the people on-side. As a 

Saltmarsh appreciator, design, restoration ecologist and having worked in Local Government 

for 8 years this presentation bring practical tools for successful saltmarsh projects. 
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Illustrating a way forward for migratory shorebirds in urban wetlands of Sydney: Can the 
dogs save the birds? 
 
Cameron E. Webb1,2, Annette Webb3, Chris Johnson3, Robert Stevenson4 

 
1Marie Bashir Institute of Infectious Diseases and Biosecurity, University of Sydney, Sydney, NSW  
2Department of Medical Entomology, NSW Health Pathology, Westmead Hospital, NSW 2145 
3Abbotsford Public School, 350 Great North Road, Abbotsford, NSW, 2046 
4City of Canada Bay Council, 1A Marlborough Street, Drummoyne, NSW, 2047 
 
Urban estuarine wetlands provide important habitat for a range of wildlife but none more so than 
migratory shorebirds. The bar-tailed godwit is just one iconic species that makes the annual flight 
from the Northern Hemisphere to the mudflats of Sydney, Australia. The suburbs of Abbotsford, 
Wareemba and Five Dock are situated alongside Hen and Chicken Bay, part of the Parramatta River 
estuary. Nearby are foreshore pathways and parklands that are popular locations for exercise and 
recreation by both residents and visitors. Unfortunately, the ever increasing human population, 
together with the easy access to the foreshore, brings threats to the bar-tailed godwits and their 
habitats. Notwithstanding pollution, sea level rise and the encroachment of mangroves into foraging 
habitats, dogs are commonly seen chasing the birds from the mudflats. A project was initiated to 
raise awareness of the consequences to the bar-tailed godwit of being chased by dogs. Jointly 
funded by the Abbotsford Public School Parents and Citizens Association and City of Canada Bay 
Council (Council’s Bushcare Department contributed funds in additional to a Canada Bay Community 
Grant), a series of educational signs were installed along the foreshore pathway of Hen and Chicken 
Bay. The program is known as “Dog Saves Bird” with the key messages promoted being to highlight 
the long distances travelled by the birds and that their adversely impacted when chased by off-leash 
dogs. Dog owners were directed towards to local off leash areas in a nearby park. The unique aspect 
of the signs was the involvement of local school students. A competition was held for students 
within each grade to create an artwork representing the bar-tailed godwits. A wide range of 
wonderful illustrations were submitted with a total of eight selected for use on each of the signs. 
The signs were met with great enthusiasm by the local community and the bar-tailed godwit has 
now become an unofficial school mascot. The story of the bar-tailed godwit has been integrated into 
the school curriculum with various school activities being flavoured with detail on the bird and its 
conservation. A wonderful mural, comprised of dozens of ceramic birds made by the students takes 
pride of place near the school hall and recent fundraising programs by the school have featured the 
“Dog Saves Bird” logo. This program may provide a framework for future community based and/or 
citizen science wildlife conservation programs in urban wetlands around Australia’s major 
metropolitan areas. 
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The Hawkesbury River: an overview for the conference field excursion 
 
 
Paul I Boon 
School of Geography, The University of Melbourne, Parkville VIC 3010; paul.boon@unimelb.edu.au 
 
The Hawkesbury River, the longest coastal river in New South Wales, lies only a 60 minute drive 
north of Sydney. Despite being the first sizeable river used by Europeans and having the longest and 
most detailed flood history of any stream in Australia, the Hawkesbury remains a curiously secret 
river. Until the middle of 2017, for example, there was no single up-to-date book that adequately 
described the ecology of the river, how that ecology informed human (Aboriginal and European) use 
and, in turn, how it has been shaped by those uses. (In comparison, the Yarra River in Melbourne, 
hydrologically a rather trivial stream, has had four books written on it in the past 10 years alone.) 
That omission was set right in July 2017 with the publication of the 560-page The Hawkesbury River: 
A Social & Natural History by Paul Boon. The presentation gives an overview of the ecology and 
environmental history of the Hawkesbury River as a background to the conference field excursion. 
The talk starts by describing the unique geology of the Sydney Basin and how the Narrabeen, 
Hawkesbury and Wiannamatta sequences of sedimentary rocks shape the Basin, its soils and the 
paths of its rivers. It then describes the genesis of the Hawkesbury River estuary in terms of the rise 
in ocean levels that took place 20,000 years ago and flooded a previously terrestrial river valley. The 
unique hydrology of the river is described next, with particular reference to the way floods and 
droughts have shaped the way Europeans have used the river since it was first colonised by the 
British in 1794. Water quality is briefly discussed, along with the mosaic of protected areas that 
surround the river and contribute to the fine water quality in, for example, the Colo River, an 
important tributary of the Hawkesbury. The way the river's floodplain was used by Europeans is then 
discussed, with a focus on how they cleared the land and the impacts this had on river navigability 
and on water quality. The talk then moves onto how the river has acted as a barrier and as a conduit 
for human movement, and finishes with an overview of how the river has inspired artists, poets and 
other creative folk since the earliest times. There's also a short − but fascinating − section on how 
the Hawkesbury has maintained very great military and strategic importance to Sydney, with military 
planners from at least the middle of the 19th century considering it a springboard for possible 
foreign (Russian, American (!) and Japanese) invasion of New South Wales. 
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