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Summary  

 The Exmouth Gulf is a unique location, being one of the few relatively undisturbed arid zone 

estuaries in the world. It supports a wide array of marine biodiversity, as well as fishing and 

tourism industries that are dependent on the intact, non-industrialized natural resources in 

the Gulf. 

  The Exmouth Gulf is important for research and teaching.  

Exmouth Gulf focussed on investigating 

the productivity and ecological functions of the intertidal mangroves, cyanobacterial mat 

and salt flat habitats. My team and I visit this site annually. The Australian Research Council 

has funded my research  have engaged scientists from Australia and 

around the world and supported training of 5 PhD students in Australia as well as overseas 

graduate students. In addition to other scientists, I have engaged with industry and 

community groups with interests in the Gulf. My research supports teaching in marine 

science. I use the results of my research in teaching undergraduates at the  

and I estimate over 1000 undergraduate science students have learned about 

the ecology of the Exmouth Gulf. 

 Despite the Exmouth Gulfs importance for biodiversity, fishing, tourism, science and 

education, it has been continuously under threat from a range of industrial proposals, most 

of which have planned to impound the extensive cyanobacterial mat habitat and salt flats, 

which lie landward of the mangroves. 

 The cyanobacterial mat and salt flats are ecologically important for their productivity, which 

contributes to the productivity of the Gulf. They provide habitat for a range of species that 

move onto the salt flats when they are flooded, including bird populations. In the future, 

with accelerating sea level rise the salt flats provide the habitat where mangroves and 

cyanobacterial mats will migrate. Impounding the cyanobacterial mat and salt flats reduces 

the long-term sustainability of Gulf and the ecosystem services that the intertidal zone 

provides. 
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Introduction 

This submission is based on my ecological research on the intertidal ecosystems in the Exmouth 

region since 2000 and in the Exmouth Gulf since 2004. I am Professor and  

 My research interests are in the ecology of 

coastal ecosystems and particularly in their response to global change and their role in mitigating 

climate change or blue carbon. Below I address the questions posed by the EPA. 

 

1. What are the values (environmental, social and cultural) you associate or identify with in 

and around Exmouth Gulf?  

I identify with the unique and undisturbed state of the Exmouth Gulf that provides a unique system 

to generate new knowledge of marine ecological processes. The mangroves, cyanobacterial mats 

and salt flats that comprise the intertidal ecosystems of the Exmouth Gulf are globally unique (see 

Adame et al. 2020). They support unique biota (Penrose 2011) as well as the high productivity of the 

Gulf (McKinnon and Ayukai 1996, Lovelock et al. 2009). They provide a unique system to build our 

theoretical understanding of the fundamental principles that underpin productive marine 

ecosystems and for generating new knowledge that I share with undergraduate students of marine 

science as well as other scientists and the community more broadly. The Exmouth Gulf provides 

deep insights into the history and functioning of Australian estuarine environments. Each year since 

2004, I use my research in the Exmouth Gulf to teach marine ecology to approximately 100 second 

year students at the  I have given numerous presentations in global 

research forums (e.g. in Singapore, Germany, USA) that describe the intertidal ecosystems of the 

Exmouth Gulf.  

Other research, which has informed my own research, and describes the unique geo-heritage values 

of the region, is the work of Vic Semeniuk (V&C Semenuik Research Group) (e.g. Brocx and Semeniuk 

2007).  

 

2. What activities do you engage with in and around Exmouth Gulf?  

My team and I engage in scientific research and education in the Exmouth Gulf and in the Ninglaoo 

Marine Park. When in the Exmouth region we stay at Giralia Pastoral Station and also use local 

accommodation in Exmouth. We rent local vehicles, eat at local restaurants and purchase research 

supplies. I also engage with local community groups and local national park staff to increase 

awareness of the ecology of the intertidal zone of the Exmouth Gulf. 

My research has covered a range of topics that strive to understand the functioning of the Exmouth 

Gulf ecosystems. Below I have outlined some of our key findings. This research has been funded 

from a range of competitive grants from the Australian Research Council (Table 1) that have 

supported the research as well as training of PhD students (PhD theses listed below). The scientific 

publications arising from my research and those of my colleagues and students are listed below. 

Some of the main findings of our research has been:  

 A wide range of mobile marine fauna use mangroves and cyanobacterial mats habitats 

(Penrose 2011). These include juvenile giant shovel nosed rays, which is on the IUCN Red List 

as critically endangered, and other unique fauna (e.g. the estuarine ringed mangrove 

seasnake). 
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 Cyclones can damage mangroves, but also deliver nutrients, sediments and freshwater 

during cyclones that support high productivity of the mangroves. 

 Nitrogen availability limits productivity of mangroves in most years, but high levels of 

nitrogen, which increase growth rates of trees, also increase the vulnerability of mangroves 

to drought. 

 The mangroves of the Exmouth Gulf have unique physiological adaptations to extremely 

high salinity and low humidity – they give insights into how salinity tolerance in plants can be 

achieved, which has important implication for topics as diverse as understanding the 

impacts of changing rainfall patterns to developing salinity tolerant crops. 

 Mangroves access tidal water as well as other fresh water sources to support their growth 

(Santini et al. 2015). This research has found a range of novel physiological adaptations of 

mangroves to high salinity conditions.  

 Intertidal ecosystem in the Exmouth Gulf are vulnerable to sea level rise. Sea level rise and 

cyclones are leading to shoreline retreat, where mangroves are being lost in the low 

intertidal and are recruiting landward on to the salt flats (Lovelock et al. in review). Imposing 

barriers to mangrove migration onto the salt flats (e.g. by impounding them for salt 

production) will eventually lead to loss of mangrove and cyanobacterial mat habitats, which 

will have negative consequences for the long-term productivity and biodiversity of the 

Exmouth Gulf. 

 

Table 1. Awards from the Australian Research Council for research in the Exmouth Gulf. Investigators 

and their institutional affiliations are indicated. 

Grant 
number 

Title Investigators and 
institutions 

Lead Institution 

LP0561498 Assessing linkages across arid 
zone estuarine landscapes 

Catherine Lovelock (UQ), 
Greg Skilleter (UQ), Ilka 
Feller (Smithsonian 
Institution, USA), Samantha 
Joye (U. Georgia, USA) 

The University 
of Queensland 
with industry 
partners Straits 
Resources and 
Kailis Fishing 

DP0774491 Interactive effects of salinity and 
nutrients: linking physiological 
processes with patterns in 
mangrove forest productivity 

Marilyn Ball (ANU), 
Catherine Lovelock (UQ), 
Noel Holbrook (Harvard 
University) 

The Australian 
National 
University 

DP1096749 Salinity tolerance along an aridity 
gradient: linking physiological 
processes with morphological 
constraints on leaf function in 
mangroves 

Marilyn Ball (ANU), 
Catherine Lovelock (UQ), 
Brendan Choat (U Western 
Sydney), Lawren Sack 
(University California, 
Davis) 

The Australian 
National 
University 

FS100100024 Treading water in a changing 
climate: The vulnerability of 
Australia’s tropical islands to sea 
level rise 

Ove Hoegh-Guldberg (UQ), 
Peter Mumby (UQ), Stuart 
Phinn (UQ), Catherine 
Lovelock (UQ), Colin 
Woodroffe (U Wollongong) 

The University 
of Queensland 
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DP150104437 Top-down rehydration: role of 
multiple water sources in 
mangrove function 

Marilyn Ball, Catherine 
Lovelock (UQ), Rafael 
Oliveira, Lawren Sack 
(UCLA), Maurizio 
Mencuccini ICREA at CREAF 
(Spain). 

The Australian 
National 
University 

LE170100219 A multi-institutional 
environmental radioactivity 
research centre 

Pere Masque (ECU), Paul 
Lavery (ECU), Brent 
McInnes, Pauline Grierson 
(UWA), Malcolm McCulloch 
(UWA), Christian Sanders 
(Southern Cross Uni), Peter 
Macreadie (Deakin Uni), 
Philip Boyd (U Tas), Zanna 
Chase, Catherine Lovelock 
(UQ), Rod Connolly (Griffith 
Uni), Mat Vanderklift  
(CSIRO) 

Edith Cowan 
University 

FL190100142 Achieving Blue Carbon Catherine Lovelock (UQ) The University 
Queensland  

    

PhD theses that have included research conducted in the Exmouth Gulf 

 Adame, Maria Fernanda Vivanco (2009). Material exchange in mangroves during tidal 

inundation. PhD Thesis, Centre for Marine Studies, The University of Queensland.  

 Penrose, Helen (2011) Arid zone estuaries: nekton and trophic connectivity over 

heterogeneous landscapes. PhD Thesis, School of Biological Sciences, The University of 

Queensland. 

 Santini, Nadia (2012).  Structure and function of wood in mangroves. PhD Thesis. The 

University of Queensland. 

 Nguyen, Hoa Thi (2016). Influence of salinity on leaf structure and water relations in the 

mangrove, Avicennia marina (Forssk.) Vierh. PhD Thesis. The Australian National University. 

 Davies, Tegan (2018). Living on the edge: microbes and carbon cycling in mangrove soils 

along the west coast of Australia. PhD Thesis. University of Western Australia. 

 

List of publications arising from research in the Exmouth Gulf (* indicate PhD students)  

 

 “Mangroves in arid regions: Ecology, threats, and 

opportunities” by Adame et al. (2020), summarizes some of the most important features of arid zone 

mangrove estuaries.  

 Lovelock, C.E., Feller, I.C., Ball, M.C., Ellis, J. and Sorrell, B., 2007. Testing the growth rate vs. 

geochemical hypothesis for latitudinal variation in plant nutrients. Ecology Letters, 10(12), pp.1154-

1163. 

 Lovelock, C.E., 2008. Soil respiration and belowground carbon allocation in mangrove 

forests. Ecosystems, 11(2), pp.342-354. 

 Lovelock, C.E., Ball, M.C., Martin, K.C. and Feller, I.C., 2009. Nutrient enrichment increases mortality 

of mangroves. PLoS One, 4(5), p.e5600. 
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 Lovelock, C.E., Grinham, A., *Adame, M.F. and *Penrose, H.M., 2010. Elemental composition and 

productivity of cyanobacterial mats in an arid zone estuary in north Western Australia. Wetlands 

Ecology and Management, 18(1), pp.37-47. 

 Reef, R., Feller, I.C. and Lovelock, C.E., 2010. Nutrition of mangroves. Tree physiology, 30(9), pp.1148-

1160. 

 Lovelock, C.E., Feller, I.C., *Adame, M.F., Reef, R., *Penrose, H.M., Wei, L. and Ball, M.C., 2011. 

Intense storms and the delivery of materials that relieve nutrient limitations in mangroves of an arid 

zone estuary. Functional Plant Biology, 38(6), pp.514-522. 

 *Adame, M.F., Reef, R., Grinham, A., Holmes, G. and Lovelock, C.E., 2012. Nutrient exchange of 

extensive cyanobacterial mats in an arid subtropical wetland. Marine and freshwater research, 63(5), 

pp.457-467. 

 *Santini, N.S., Schmitz, N. and Lovelock, C.E., 2012. Variation in wood density and anatomy in a 

widespread mangrove species. Trees, 26(5), pp.1555-1563. 
 Reef, R., Ball, M.C. and Lovelock, C.E., 2012. The impact of a locust plague on mangroves of the arid 

Western Australia coast. Journal of Tropical Ecology, 28(3), pp.307-311. 

 *Santini, N.S., Hua, Q., Schmitz, N. and Lovelock, C.E., 2013. Radiocarbon dating and wood density 

chronologies of mangrove trees in arid Western Australia. PloS one, 8(11), p.e80116. 

 *Santini, N.S., Reef, R., Lockington, D.A. and Lovelock, C.E., 2015. The use of fresh and saline water 

sources by the mangrove Avicennia marina. Hydrobiologia, 745(1), pp.59-68. 

 *Davies, T.K., Lovelock, C.E., Pettit, N.E. and Grierson, P.F., 2017. Short-term microbial respiration in 

an arid zone mangrove soil is limited by availability of gallic acid, phosphorus and ammonium. Soil 

Biology and Biochemistry, 115, pp.73-81. 

 *Adame, M.F., Wright, S.F., Grinham, A.,* Lobb, K., Reymond, C.E. and Lovelock, C.E., 2012. 

Terrestrial–marine connectivity: patterns of terrestrial soil carbon deposition in coastal sediments 

determined by analysis of glomalin related soil protein. Limnology and Oceanography, 57(5), pp.1492-

1502. 

 Lovelock, C.E., Feller, I.C., Reef, R. and Ruess, R.W., 2014. Variable effects of nutrient enrichment on 

soil respiration in mangrove forests. Plant and soil, 379(1-2), pp.135-148. 

 Vilas, M.P., Adams, M.P., Ball, M.C., Meynecke, J.O., Santini, N.S., Swales, A. and Lovelock, C.E., 2019. 

Night and day: Shrinking and swelling of stems of diverse mangrove species growing along 

environmental gradients. PloS one, 14(9), p.e0221950. 

 Lovelock, C.E., Feller, I.C., Reef, R., *Hickey, S. and Ball, M.C., 2017. Mangrove dieback during 

fluctuating sea levels. Scientific Reports, 7(1), pp.1-8. 

 Adame, M.F., Reef, R., Santini, N.S., Najera, E., Turschwell, M.P., Hayes, M.A., Masque, P. and 

Lovelock, C.E., 2020. Mangroves in arid regions: Ecology, threats, and opportunities. Estuarine, 

Coastal and Shelf Science, p.106796. 

 Lovelock C.E., Reef, R., Masque P (2020) Vulnerability of an arid zone coastal wetland landscape to sea 

level rise. Limnology and Oceanography, in review. 

 *Bathmann, J, Peters, R., Reef, R., Lovelock, C.E., Berger, U., Walther, M. (2020) Modelling mangrove 

forest structure and feedbacks with porewater salinity over tidal inundation gradients: The role of 

transpiration. Agricultural Meteorology and Climatology, in review. 

 

3. What environmental pressures do you observe in and around Exmouth Gulf?  

 

 Industrial development associated with salt production and oil and gas have been persistent 

threats to the intertidal ecosystems of the Exmouth Gulf. Over the years I have worked in 

the Gulf there have been at least 4 proposals that proposed to damage the intertidal 

ecosystems in the Gulf. These were Straits Resources proposal to impound a large area of 

the eastern Gulf for salt production; a modified proposal by the same proponents for a 
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development of reduced size in north-eastern Gulf; Subsea 7 proposal; and an additional 

large salt production proposal by BCI Minerals Group.  

 Climate change, particularly sea level rise (Lovelock et al. 2017; Lovelock et al. in review), 

changing patterns of rainfall (Lovelock et al. 2011) and marine heatwaves (Caputi et al. 2019) 

are threats to the ecosystems and productivity of the Exmouth Gulf.  

 Tourism continues to develop in the region based on the biodiversity and natural heritage 

values. Recreational fishing is one of the main activities of tourists that come to camp at the 

coastal camp-sites available at Giralia. 

 Commercial prawn fishing is an important industry in the region, but this is already highly 

regulated to maintain sustainability after earlier crashes in the fishery. 

 Development of different kinds of aquaculture enterprises have been proposed. 

 

4. What environmental pressures in and around Exmouth Gulf affect you/your sector or business?  

 Industrial development in the Exmouth Gulf affects my long-term research effort and my 

teaching of the ecology of intertidal ecosystems. Although the development proposals 

would be unlikely to affect my monitoring sites (in Giralia Bay, in the southern section of the 

Gulf) my research and teaching benefits from the relatively undisturbed nature of the 

Exmouth Gulf. Industrialization of the Exmouth Gulf would diminish the research and 

teaching opportunities. Impacts of industrial developments on intertidal habitats are already 

widespread in the region, for example in Dampier and Port Hedland.  

 Fluctuating sea levels, cyclones and sea level rise affect my study sites (Lovelock et al. 2017, 

Lovelock et al. in review). My research documents the impacts and recovery of these natural 

disturbances to infer the future states of these ecosystems, which can be used to support 

management of these resources. 

 

5. Are there other activities that are proposed (or likely to be proposed) that you are aware of, 

which will impact the Exmouth Gulf? 

 I am aware of the Subsea 7 proposal and an additional large salt proposal by BCI Minerals 

Group for the eastern Gulf.  The BCI Minerals proposal (similar to the earlier Straits 

Resources proposal) is to impound large areas of the salt flats. The walls constructed for salt 

production will reduce the habitat available for mangroves and cyanobacterial mats as sea 

level rise accelerates and thereby negatively impacting the ecosystems of the region.  My 

research on the vulnerability of these intertidal ecosystems to sea level rise is provided in 

the attachments (see Lovelock et al. in review).  

 Proposals to impound the Exmouth Gulf for salt production and other industrial 

developments will continue to arise unless government makes this no-longer possible by 

resuming the leases and/or including the Exmouth Gulf and its intertidal habitats (including 

what is sometimes called the supratidal salt flats) within the Ningaloo Marine Park and the 

World Heritage Area.   

 Resumption of salt production leases could be explored as an avoided carbon emissions 

project under a “land-use planning for sea level rise” process (Kelleway et al. 2020). For 

example, the loss of mangroves and cyanobacterial mats habitats (and the carbon stocks 

within their biomass and sediments) as a result of reduction in available habitat due to the 

barriers imposed by salt impoundment walls would cause CO2 emissions (IPCC 2014). Thus, 

resuming leases and avoiding loss of the intertidal habitats may be viewed as an avoided CO2 
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emissions project, if such a blue carbon methodology was developed and added to the 

Emission Reduction Fund (ERF) blue carbon methodology that is currently under 

development. While the ERF is focussing on a blue carbon methodology for tidal 

reintroduction, land-use planning for sea level rise has been widely discussed (Kelleway et al. 

2020), and has support from some participants within the blue carbon methodology 

discussions convened by the Commonwealth. Although future CO2 emissions due to loss of 

mangroves with salt impoundments may not be expected to occur for decades, they may fall 

within the 100 year permanence of ERF projects and could provide funding for management 

of the coast or could offset other emissions of the Government of Western Australia. 
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