
Regulatory reform for environmentally 
responsible management of beach 
wrack and estuarine seaweed growth

The hands-off approach was justifiable in the past 
when there was limited knowledge about the ecological 
interactions and sustainable uses of seaweeds. However, with 
recent improved understanding and high-quality information 
available, it is appropriate to review this approach. There are 
various unintended consequences from minimal interventions. 
In particular, there is evidence that benthic marine ecologies 
are suffering from increased growth of macroalgae (seaweeds) 
in response to changing environmental conditions. Different 
management regimes are emerging in various parts of the 
world that seek to restore ecological balance while also 
directing the excess seaweed towards productive use, 
including agricultural inputs.

Ecological impacts of seaweed

Macroalgae species have distinctive properties but there 
are common ecological functions and impacts on their 
environments. The major ecological function of Australian 
brown seaweeds is forming canopies that protect other 
benthic organisms from harmful solar radiation. In rocky 
benthic ecosystems, seaweeds may provide habitat 
and nutrients for the other organisms. Their growth is 
stimulated by the presence of nutrients, and they are 
effective in absorbing nitrogen and phosphorus quickly, 
with an additional slower but effective uptake of carbon. 
While absorbing nutrients from their habitat, seaweeds 
also release chemicals that provide ecological and 
geochemical benefits. However, they also contain a number 
of halocarbons, notably including bromoform, which can 
contribute to ozone depletion and coral degradation if the 
ecological balance is disturbed. 

The conventional approach to managing wild seaweed in Australia has been based around 
concerns there should be minimal disturbance to marine ecology. Seaweeds have properties 
that contribute to water quality, including combatting the adverse impacts of climate change 
through absorbing carbon, reducing ocean acidification and temperature, and maintaining 
habitat for vulnerable marine species. The Australian hands-off approach to seaweed 
management is reflected in regulatory regimes that constrain harvesting seaweed from 
where it is growing, as well as restricting collection of beach-cast seaweed (beach wrack).
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Pollution of waterways as a result or urban or agricultural 
land uses (sewage, livestock effluent, fertiliser runoff) is 
leading to massive increases in seaweed growth within 
estuaries, exacerbated by increased marine temperatures. 
The initial take-up of nutrients by seaweeds can be a benefit 
to water quality, but this may be reversed if the seaweed 
growth is unchecked. Estuaries may be choked, reducing 
water circulation and oxygen levels. Decaying seaweeds may 
release nutrients back into the water.

If the seaweed is subsequently washed onto beaches, 
the decaying materials will release a number of harmful 
emissions:

•	 Hydrogen sulphide, which not only creates an 
unpleasant smell but is also harmful to health

•	 Greenhouse gases, including carbon dioxide, methane 
and nitrous oxide 

•	 Ozone-depleting gases, such as halogenated 
hydrocarbons.

The level of emissions from beach wrack in some 
environments has been estimated to be 1 tonne CO2-e from 
2 tonnes dried beach cast material, with 1-3 tonnes per day 
per km being deposited. Increased seaweed growth appears 
to be resulting in even greater deposition of seaweed beach 
wrack in many areas.

http://www.agrifutures.com.au/emerging-industries


New approaches to seaweed management

Recent approaches to seaweed management take the 
ecological and biological behaviour of seaweeds into 
account. The ability of seaweed to rapidly uptake nutrients 
means it can be used in the bioremediation of eutrophication 
in coastal water sheds, including estuarine environments. 
In European environments, it has been estimated that 1,000 
tonnes of wet seaweed can remove 8 tonnes of nitrogen and 
200 kg of phosphorus from the surrounding waters. Chinese 
seaweed aquaculture is targeted to remove 100% of Chinese 
coastal phosphorus pollution by 2026. Seaweed can be used 
as a small-scale biofilter to treat aquaculture effluents in 
coastal areas, as seen in South Korea and eastern Australia. 
Unlike natural seaweed biomasses, the seaweed used for 
bioremediation is cultivated in ways that minimise the decay 
and release of harmful gases. The nitrogen and phosphorus 
re-absorbed from aquaculture effluents can be re-used as 
an aquaculture feed, and have the additional potential to be 
used as fertilisers and biostimulants in agriculture. 

The excessive eutrophication of coastal waters results 
in seaweed blooming in benthic ecosystems and coastal 
water sheds. These are sometimes called ‘green tides’, when 
green seaweeds are the dominant species occupying an 
entire region of sea surface, or ‘red tides’, when red species 
are dominant. Regular but low levels of eutrophication 
incrementally increase seaweed biomass over time, with 
consequent beach wrack deposits. This material is either 
swept back into the sea, enabling reabsorption of nutrients, 
or left on land where it releases harmful emissions. These 
gases are released most rapidly in the early stages of 
decomposition, so any mitigation would require collection of 
fresh material as soon as possible after it is washed up.

In a natural ecological system, seaweed management is 
achieved through grazing by marine fauna, promoting new 
growth and reducing the drift of detached fronds. In the 
absence of natural marine grazing, harvesting by humans 
may be a beneficial intervention. Wild harvesting of seaweed 
and collection of beach wrack has been a tradition of 
many Indigenous communities, practised at a small and 
sustainable level. Contemporary changes to estuarine 
ecology suggest a different response may be appropriate.

Some regulatory regimes have permitted contemporary 
harvesting activities at selected localities, but have 
restricted the scale and timing of operations. Within 
Australia, regulations differ between states, but all are highly 
restrictive. Regulatory regimes are now being questioned in 
some overseas jurisdictions, with potential reforms proposed 
to enable more proactive management of excessive seaweed 
growth, including deposits of beach wrack. 

Use of wild-harvested seaweeds

There are considerable challenges in the use of wild-
harvested seaweeds:

•	 Seaweed biomass is highly perishable and deteriorates 
rapidly, so it needs to be collected and processed 
regularly and without delay.

•	 Seaweed biomass has a high moisture content in this 
fresh state (typically 80-90%), adding to transport costs.

•	 Natural epiphytes (other seaweed species) and material 
attached to seaweeds (e.g. sand, molluscs) increase the 
difficulty of processing, with some uses requiring pre-
cleaning and pre-washing.

•	 The seasonality or otherwise intermittent and variable 
nature of seaweed growth and beach deposition 
prevents a continuous throughput for processing, with 
some uses requiring frequent analytical testing.

In circumstances where different seaweed species can be 
separated during collection, it may be cost effective to wash 
and shred the fronds, and then preserve the material in oil. 
There is a good market for this wild-harvested produce if it 
is directed to pharmaceutical or nutraceutical uses. A few 
licensed collectors of beach wrack in Australia are able to tap 
into this market.

Where species separation is not feasible, which is the 
case with much of the available beach wrack, the cost 
effectiveness of processing can be improved by creating 
economies of scale. In Europe, collection of beach wrack is 
being promoted as a basis for regional manufacturing hubs 
producing biogas or biochar. Both the digestate from biogas 
production and the seaweed biochar product retain much 
of the nutrient content of the seaweed feedstock, and are 
potentially valuable as agricultural inputs.

In a natural ecological system, seaweed 
management is achieved through grazing 
by marine fauna, promoting new growth 
and reducing the drift of detached 
fronds. In the absence of natural marine 
grazing, human harvesting may be a 
beneficial intervention.
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Trialling silage production from seaweed

If the necessary economies of scale are not achieved, there 
are additional possibilities for collection and processing. 
Making silage from seaweed is one possibility, and 
was recently trialled using beach wrack collected from 
Warrnambool beaches in south-west Victoria. Warrnambool 
beaches are known for ‘red tides’, where predominantly red-
coloured seaweed deposits accumulate on beaches, together 
with a mix of seaweeds species. Substantial amounts of 
brown kelp are found within this mix.

In this trial, bull kelp species were separated and hung to 
dry, then brushed and blow-dried to remove sand, with some 
further washing. All these measures, however, only removed a 
limited amount of sand. Shredding was then necessary for the 
kelp component of the seaweed that had been collected, and 
it became apparent a fairly powerful shredder not normally 
available on individual farms was required for this purpose. A 
second sample involved finer red seaweed, with the less-bulky 
mass not requiring shredding. Whey was applied as a final 
wash before packing with conventional silage inoculant and 
mixing with hay as a helpful fermenting adjunct. 

Unfortunately, the resulting quantities of silage after 
processing were not sufficient for rigorous analysis. 
Additionally, practical challenges associated with the 
preparation process mean producing silage from seaweed 
is unlikely to appeal to individual farmers. There has been 
limited laboratory research conducted on seaweed silage 
indicating its potential use as animal fodder, but with mixed 
results in terms of nutritional quality and palatability for 
livestock; more time appears to be needed for the required 
fermentation to take place compared with conventional 
silage making. While mixing seaweed with hay may assist the 
process, this is still likely to be slower than ensiling hay alone. 

A less-complicated use for harvested seaweed and beach 
wrack is compost manufacture. This would require mixing 
semi-dried seaweed with an explicit quantity of dry 
high-cellulose materials (such as straw or sawdust) to 
achieve the optimal carbon:nitrogen (C:N) ratio for aerobic 
composting, i.e. promoting decomposition without excessive 
greenhouse gas emissions. Research elsewhere (Paul, 2020) 
has indicated there is no need to wash seaweed before 
using it as a compost feedstock, with the levels of salt 
and sand being too low for any adverse impact. Empirical 
evidence suggests the resulting compost is a highly 
effective soil amendment, with immediate improvements 
seen in plant growth and productivity.

A less-complicated use for harvested 
seaweed and beach wrack is compost 
manufacture. This would require mixing 
semi-dried seaweed with an explicit 
quantity of dry high-cellulose materials 
(such as straw or sawdust) to achieve the 
optimal C:N ratio for aerobic composting

Figure 1. A red tide at a Warrnambool beach.

Figure 2. Shredded bull kelp collected from the red tide.
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Figure 3. Agricultural eutrophication of nitrogen and phosphorus contributing to the red tide at Warrnambool.

Red tide

Nitrates and phosphates

Curdies River catchment as a case study

The Curdies River catchment in south-west Victoria provides 
a useful case study for potential regulatory and operational 
reforms to seaweed management. The estuary is wide and 
shallow, with limited flushing to the ocean. There have been 
longstanding concerns about the excessive nutrient content 
of the waterways flowing into the estuary, arising primarily 
from agricultural uses such as dairy farming. The frequency 
of toxic algae blooms appears to be increasing, with evidence 
of devastating impacts on fish and livestock. While land 
management strategies being promoted may ultimately 
reduce nutrient discharge into the catchment waterways, 
the level of nutrients contained within river and estuary 
sediments is such that their release will be an ongoing cause 
of poor water quality for several decades.

Several past studies have been carried out to identify 
the impacts of high nutrient levels on water quality and 
aquatic ecology. Curiously, these make scant reference to 
the presence and potential role of macroalgae. It is evident 
from observation that the estuary is currently supporting 
substantial growth of seaweed, particularly kelp species, 
but this may be a very recent phenomenon. This macroalgal 
bloom is likely a potential benefit in terms of absorbing 
phosphorus and nitrogen, which are the main pollutants. 
However, if the seaweed growth is unchecked, as much as 
25% of annual growth could be cast off into the surrounding 
water. Decaying seaweed that sinks to the estuary floor 

smothers the seagrasses that are integral to the natural 
ecology of the estuary, and this decaying material will release 
the absorbed nutrients back into the estuarine waters. 
Unchecked growth could also lead to choking the estuary, 
reducing the benefits of ocean flushing, lowering oxygen 
levels and exacerbating toxic algal blooms. 

When the estuary is periodically open to ocean flushing 
(sometimes requiring human intervention), detached 
seaweed fronds are likely being carried out to sea, 
contributing to increased quantities of beach wrack being 
deposited on the nearby beaches. This creates a significant 
nuisance for residents and visitors, as well as giving rise to 
harmful emissions. If the nutrients are absorbed into ocean 
waters, this may amplify the effects of ocean acidification, 
which is already leading to erosion of the limestone coastal 
landscape, including the famous Twelve Apostles.

The properties of seaweeds can be monetised if the cost of 
bioremediation is assessed together with the value of carbon 
sequestration. Based on an estimated area of 1.5 km2 for 
the Curdies River estuary, the combined amount of seagrass 
and seaweed sequestration in a managed system could be 
at least 2,000 tonnes of CO2-e per year, which could be worth 
more than $100,000 in carbon credits at the present price.
This suggests budgeting $100,000 per year for seaweed 
management is financially worthwhile, and a greater amount 
may be justifiable in terms of nutrient removal as well as the 
potential for economic benefits derived from processing the 
removed seaweed. 
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Given the prevalence of dairying in the catchment, it is 
appropriate to consider a circular model for recycling the 
nutrients being discharged into the catchment waterways. 
Harvesting seaweed from the estuary and collecting beach 
wrack could provide feedstock for composting, with the 
compost used as a partial replacement for synthetic fertiliser 
applications in pastures and cropping areas. This could be 
pursued through a commercial composting enterprise or as 
an individual on-farm activity.

Reform of regulations around such activities might 
involve development of a marine ecosystem-based 
management (EBM) framework such as is proposed in 
New Zealand, balancing environmental benefits and risks 
from management interventions. This could be a valuable 
contribution to the development of other blue economy 
initiatives, mobilising marine resources for reducing or 
offsetting greenhouse gas emissions in ways that provide 
socioeconomic co-benefits.

Given the prevalence of dairying in 
the catchment, it is appropriate to 
consider a circular model for recycling 
the nutrients being discharged 
into the catchment waterways. 
Harvesting seaweed from the Curdies 
River estuary and collecting beach 
wrack could provide feedstock for 
composting, with the compost used 
as a partial replacement for synthetic 
fertiliser applications in pastures and 
cropping areas.

Figure 4. Agricultural eutrophication of nitrogen and phosphorus polluting the marine water.

Nitrates and phosphates Twelve Apostles 
Marine National 

Park 

AgriFutures Australia Regulatory reform for environmentally responsible management of beach wrack and estuarine seaweed growth



References

Al-Adilah, H., Feiters, M. C., Carpenter, L. J., Kumari, 
P., Carrano, C. J., Al-Bader, D. and Küpper, F. C. (2022). 
Halogens in seaweeds: biological and environmental 
significance. Phycology, 2, 132-171. https://doi.org/10.3390/
phycology2010009 

ANSES. (2017). Exposure to emissions from Sargassum 
seaweed washed up on the shore: ANSES reiterates its 
recommendations and adds to them. https://www.anses.
fr/en/content/exposure-emissions-sargassum-seaweed-
washed-shore-anses-reiterates-its-recommendations-and 

Barroco Harb, T. and Chow, F. (2022). An overview of 
beach-cast seaweeds: potential and opportunities for the 
valorization of underused waste biomass. Algal Research, 62, 
102643. https://www.sciencedirect.com/science/article/abs/
pii/S2211926422000145

Bews, E.,  Booher, L., Polizzi, T., Long, C., Kim, J.-H. and 
Edwards, M. S. (2021). Effects of salinity and nutrients 
on metabolism and growth of Ulva lactuca: Implications 
for bioremediation of coastal watersheds. Marine 
Pollution Bulletin, 166, 112199. https://doi.org/10.1016/j.
marpolbul.2021.112199 

Biogas World. (2021). New report from Coastal Biogas project 
reveals that anerobic digestion of cast seaweed leads to 
multiple socioeconomic benefits. https://www.biogasworld.
com/news/new-report-from-coastal-biogas-project-
reveals-that-anaerobic-digestion-of-cast-seaweed-leads-
to-multiple-socioeconomic-benefits/

Bissland, E. (2022). Talks begin to save Victoria’s Curdies River 
after blue-green algae kill fish. ABC South West Victoria. 
https://www.abc.net.au/news/2022-09-11/curdies-river-
victoria-consultative-meeting-blue-green-algae/101318594

Black, W. A. (1955). The preservation of seaweed by ensiling 
and bactericides.

BrainBiotics. (2021). BrainBiotics are collaborating with SDU 
on CO2 measurements of algae. https://www.brainbotics.
com/brainbotics-are-collaborating-with-sdu-on-co2-
measurements-of-algae/

Britton, D., Mundy, C. N., McGraw, C. M., Revill, A. T. and Hurd, 
C. L. (2019). Responses of seaweeds that use CO2 as their sole 
inorganic carbon source to ocean acidification: differential 
effects of fluctuating pH but little benefit of CO2 enrichment. 
ICES Journal of Marine Science, 76(6), 1860-1870. https://doi.
org/10.1093/icesjms/fsz070

Campbell, M., Ortuno, J., Ford, L., Davies, D. R., Koidis, 
A., Walsh, P. J. and Theodoridou, K. (2020). The effect of 
ensiling on the nutritional composition and fermentation 
characteristic of brown seaweeds as a ruminant feed 
ingredient. Animals, 10(6), 1019. https://doi.org/10.3390/
ani10061019 

Clark, D. E., Newcombe, E., Clement, D., Magnusson, M., 
Lawton, R. J. M., Glasson, C. R. K., Major, R. and Adams, S. 
(2021). Stocktake and characterisation of Aotearoa New 
Zealand’s seaweed sector: Environmental effects of seaweed 
wild-harvest and aquaculture. Sustainable Seas National 
Science Challenge. https://www.sustainableseaschallenge.
co.nz/public/assets/dms/Reports/Seaweed-sector-review-
part-3-Environmental-effects-seaweed-aq/Environmental-
effects-of-seaweed-wild-harvest-and-aquaculture.pdf 

Clean Technology Centre and Circular Bioeconomy Research 
Group. (2022). Socio-Economic Study of Seaweed Harvesting 
in Ireland. European Maritime and Fisheries Fund Marine 
Institute. https://emff.marine.ie/sites/default/files/
bluegrowth/PDFs/Socioeconomic%20Study%20of%20
Seaweed%20Harvesting%20in%20Ireland.pdf

Corangamite Catchment Management Authority. (2022). 
Update on the Curdies River. https://ccma.vic.gov.au/coasts-
and-marine/update-on-the-curdies-river/

Elizondo-González, R., Quiroz-Guzmán, E., Escobedo-
Fregoso, C., Magallón-Servín, P. and Peña-Rodríguez, A. 
(2018). Use of seaweed Ulva lactuca for water bioremediation 
and as feed additive for white shrimp Litopenaeus vannamei. 
PeerJ, 6, e4459. https://doi.org/10.7717/peerj.4459 

Fernández, P. A., Gaitán-Espitia, J. D., Leal, P. P., Schmid, 
M., Revill, A. T. and Hurd, C. L. (2020). Nitrogen sufficiency 
enhances thermal tolerance in habitat-forming kelp: 
implications for acclimation under thermal stress. Scientific 
Reports, 10(1), 3186. https://doi.org/10.1038/s41598-020-
60104-4

Giselman, F. (2014). Economic assessment of harvesting and 
removing macroalgae and reed as a eutrophication mitigation 
method: A cost-benefit analysis using an ecosystem service 
approach applied on Burgsviken, Gotland. Master’s thesis, 
Umeå University. https://www.diva-portal.org/smash/get/
diva2:787505/FULLTEXT01.pdf

Gold Standard Foundation. (2023). Methodology for collection 
of Sargassum and other macroalgae to avoid emissions 
from decomposition and to use for beneficial products. 
https://globalgoals.goldstandard.org/standards/436_V1.0_
WM_Methodology-for-collection-of-macroalgae-to-avoid-
emissions-from-decomposition.pdf

Grant, A. (n.d.). Using seaweed for compost: learn how 
to compost seaweed. Gardening Know How. https://
www.gardeningknowhow.com/composting/ingredients/
composting-seaweed.htm 

Hansen, M. D. and Kjaer, T. (2020). A report on beach cleaning 
and pre-treatment of seaweed. Coastal Biogas. https://
www.coastal-biogas.eu/resources/D41_Report_on_bech_
cleaning_and_pre-treatment_of_seaweed.pdf

AgriFutures Australia Regulatory reform for environmentally responsible management of beach wrack and estuarine seaweed growth

https://doi.org/10.3390/phycology2010009
https://doi.org/10.3390/phycology2010009
https://www.anses.fr/en/content/exposure-emissions-sargassum-seaweed-washed-shore-anses-reiterates-its-recommendations-and
https://www.anses.fr/en/content/exposure-emissions-sargassum-seaweed-washed-shore-anses-reiterates-its-recommendations-and
https://www.anses.fr/en/content/exposure-emissions-sargassum-seaweed-washed-shore-anses-reiterates-its-recommendations-and
https://www.sciencedirect.com/science/article/abs/pii/S2211926422000145
https://www.sciencedirect.com/science/article/abs/pii/S2211926422000145
https://doi.org/10.1016/j.marpolbul.2021.112199
https://doi.org/10.1016/j.marpolbul.2021.112199
https://www.biogasworld.com/news/new-report-from-coastal-biogas-project-reveals-that-anaerobic-digestion-of-cast-seaweed-leads-to-multiple-socioeconomic-benefits/
https://www.biogasworld.com/news/new-report-from-coastal-biogas-project-reveals-that-anaerobic-digestion-of-cast-seaweed-leads-to-multiple-socioeconomic-benefits/
https://www.biogasworld.com/news/new-report-from-coastal-biogas-project-reveals-that-anaerobic-digestion-of-cast-seaweed-leads-to-multiple-socioeconomic-benefits/
https://www.biogasworld.com/news/new-report-from-coastal-biogas-project-reveals-that-anaerobic-digestion-of-cast-seaweed-leads-to-multiple-socioeconomic-benefits/
https://www.abc.net.au/news/2022-09-11/curdies-river-victoria-consultative-meeting-blue-green-algae/101318594
https://www.abc.net.au/news/2022-09-11/curdies-river-victoria-consultative-meeting-blue-green-algae/101318594
https://www.brainbotics.com/brainbotics-are-collaborating-with-sdu-on-co2-measurements-of-algae/
https://www.brainbotics.com/brainbotics-are-collaborating-with-sdu-on-co2-measurements-of-algae/
https://www.brainbotics.com/brainbotics-are-collaborating-with-sdu-on-co2-measurements-of-algae/
https://doi.org/10.1093/icesjms/fsz070
https://doi.org/10.1093/icesjms/fsz070
https://doi.org/10.3390/ani10061019
https://doi.org/10.3390/ani10061019
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-aq/Environmental-effects-of-seaweed-wild-harvest-and-aquaculture.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-aq/Environmental-effects-of-seaweed-wild-harvest-and-aquaculture.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-aq/Environmental-effects-of-seaweed-wild-harvest-and-aquaculture.pdf
https://www.sustainableseaschallenge.co.nz/public/assets/dms/Reports/Seaweed-sector-review-part-3-Environmental-effects-seaweed-aq/Environmental-effects-of-seaweed-wild-harvest-and-aquaculture.pdf
https://emff.marine.ie/sites/default/files/bluegrowth/PDFs/Socioeconomic%20Study%20of%20Seaweed%20Harvesting%20in%20Ireland.pdf
https://emff.marine.ie/sites/default/files/bluegrowth/PDFs/Socioeconomic%20Study%20of%20Seaweed%20Harvesting%20in%20Ireland.pdf
https://emff.marine.ie/sites/default/files/bluegrowth/PDFs/Socioeconomic%20Study%20of%20Seaweed%20Harvesting%20in%20Ireland.pdf
https://ccma.vic.gov.au/coasts-and-marine/update-on-the-curdies-river/
https://ccma.vic.gov.au/coasts-and-marine/update-on-the-curdies-river/
https://doi.org/10.7717/peerj.4459
https://doi.org/10.1038/s41598-020-60104-4
https://doi.org/10.1038/s41598-020-60104-4
https://www.diva-portal.org/smash/get/diva2:787505/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:787505/FULLTEXT01.pdf
https://globalgoals.goldstandard.org/standards/436_V1.0_WM_Methodology-for-collection-of-macroalgae-to-avoid-emissions-from-decomposition.pdf
https://globalgoals.goldstandard.org/standards/436_V1.0_WM_Methodology-for-collection-of-macroalgae-to-avoid-emissions-from-decomposition.pdf
https://globalgoals.goldstandard.org/standards/436_V1.0_WM_Methodology-for-collection-of-macroalgae-to-avoid-emissions-from-decomposition.pdf
https://www.gardeningknowhow.com/composting/ingredients/composting-seaweed.htm
https://www.gardeningknowhow.com/composting/ingredients/composting-seaweed.htm
https://www.gardeningknowhow.com/composting/ingredients/composting-seaweed.htm
https://www.coastal-biogas.eu/resources/D41_Report_on_bech_cleaning_and_pre-treatment_of_seaweed.pdf
https://www.coastal-biogas.eu/resources/D41_Report_on_bech_cleaning_and_pre-treatment_of_seaweed.pdf
https://www.coastal-biogas.eu/resources/D41_Report_on_bech_cleaning_and_pre-treatment_of_seaweed.pdf


Hurd, C. L., Wright, J. T., Layton, C., Strain, E. M. A., Britton, D., 
Visch, W., Barrett, N., Bennett, S., Lee Chang, K. J., Edgar, G, 
Fitton, J. H., Greeno, D., Jameson, I., Johnson, C. R., Karpiniec, 
S. S., Kraft, G. T., Ling, S. D., Macleod, C. M., Paine, E. R., Park, 
A., Sanderson, J. C., Schmid, M., Scott, F. J., Shelamoff, V., 
Stringer, D. N., Tatsumi, M., White, C. A. and Willis, A. (2023). 
From Tasmania to the world: long and strong traditions in 
seaweed use, research, and development. Botanica Marina, 
66(1), 1-36. https://doi.org/doi:10.1515/bot-2022-0061

Iporac, L. (2019). An influx of smelly seaweed is deadly for 
marine animals in the Caribbean. Massive Science. https://
massivesci.com/notes/seagrass-sargassum-caribbean-
harming-marine-life/

Kelly, J. (2020). Australian Seaweed Industry Blueprint: 
A Blueprint For Growth. AgriFutures Australia. https://
agrifutures.com.au/product/australian-seaweed-industry-
blueprint-a-blueprint-for-growth/ 

Keng, F., Keng, S.-L., Phang, S.-M., Abd Rahman, N., Yeong, 
H.-Y., Malin, G., Leedham Elvidge, E., Sturges, W. and Lee, C.-W. 
(2023). Emission of volatile halocarbons from the farming 
of commercially important tropical seaweeds. Journal of 
Applied Phycology. https://doi.org/10.1007/s10811-023-
03067-z

Lawton, R. J., Mata, L., de Nys, R. and Paul, N. A. (2013). 
Algal Bioremediation of Waste Waters from Land-Based 
Aquaculture Using Ulva: Selecting Target Species and Strains. 
PLoS One, 8(10), e77344. https://doi.org/10.1371/journal.
pone.0077344

Liu, S., Trevathan-Tackett, S. M., Ewers Lewis, C. J., Ollivier, 
Q. R., Jiang, Z., Huang, X. and Macreadie, P. I. (2019). Beach-
cast seagrass wrack contributes substantially to global 
greenhouse gas emissions. Journal of Environmental 
Management, 231, 329-335. https://doi.org/10.1016/j.
jenvman.2018.10.047

Luo, H., Yang, Y. and Xie, S. (2022). The ecological effect of 
large-scale coastal natural and cultivated litter decay 
processes: an overview and perspective. Journal of 
Environmental Management, 341, 118091. https://doi.
org/10.1016/j.jenvman.2023.118091 

Marfaing, H. and Stevant, P. (n.d.). WP2: applying the ensilage 
process to macroalgae. PROMAC. https://promac.no/wp-
content/uploads/2019/01/7_Helene-Marfaing_Applying-
the-ensilage-process-to-macroalgae.pdf

McGinty, M. and Wazniak, C. (eds) (2002). Understanding 
the role of macroalgae in shallow estuaries: Workshop 
proceedings. Maryland Department of Natural Resources. 
https://digitalcommons.usf.edu/cgi/viewcontent.
cgi?article=1131&context=basgp_report

Mithoo-Singh, P. K., Keng, F. S. L., Phang, S. M., Leedham 

Elvidge, E. C., Sturgess, W. T., Malin, G. and Abd Rahman, N. 
(2017). Halocarbon emissions by selected tropical seaweeds: 
species-specific and compound-specific responses under 
changing pH. PeerJ. https://doi.org/10.7717%2Fpeerj.2918 

Myers, A. (2015). Macroalgae farming: a strategy for economic 
growth and nutrient mitigation. Master’s thesis, Duke 
University. https://dukespace.lib.duke.edu/items/ba278d4d-
1763-45ac-b3f5-3b41f3e91ec6 

Mtolera, M. S. P., Collén, J., Pedersén, M., Ekdahl, A., 
Abrahamsson, K. and Semesi, A. K. (1996). Stress-induced 
production of volatile halogenated organic compounds in 
Eucheuma denticulatum (Rhodophyta) caused by elevated 
pH and high light intensities. European Journal of Phycology, 
31(1), 89-95. https://doi.org/10.1080/09670269600651241

Nelson, W. A., Neill, K. F. and D’Archinco, R. (2015). When 
seaweeds go bad: an overview of outbreaks of nuisance 
quantities of marine macroalgae in New Zealand. New 
Zealand Journal of Marine and Freshwater Research, 49(4), 
472-491. https://doi.org/10.1080/00288330.2015.1064975 

Nunes, M. (2012). Microalgae and macrophytes as indicators 
of ecological health in the Great Brak Estuary. Master’s 
thesis, Nelson Mandela Metropolitan University. http://hdl.
handle.net/10948/d1012097 

Paul, N. (2020). Diversification of seaweed industries in 
Pacific island countries. Australian Centre for International 
Agricultural Research. https://www.aciar.gov.au/project/fis-
2010-098 

Rasher, D. B. and Hay, M. E. (2010). Seaweed allelopathy 
degrades the resilience and function of coral reefs. 
Communicative & Integrative Biology, 3(6), 564-566. https://
doi.org/10.4161/cib.3.6.12978

Rosentreter, J. A., Al-Haj, A. N., Fulweller, R. W. and 
Williamson, P. (2021). Methane and nitrous oxide emissions 
complicate coastal blue carbon assessments. Global 
Biogeochemical Cycles, 35(2), e2020GB006858. https://doi.
org/10.1029/2020GB006858 

Roth, F., Broman, E., Sun, X., Bonaglia, S., Nascimento, F., 
Prytherch, J., Bruchert, V., Lundevall Zara, M., Brunberg, M., 
Geibel, M. C., Humborg, C. and Norkko, A. (2022). Methane 
emissions offset atmospheric carbon dioxide uptake 
in coastal macroalgae, mixed vegetation and sediment 
ecosystems. Nature Communications, 14, 42. https://doi.
org/10.1038/s41467-022-35673-9 

Smiley, S. (2023). Kelp help: Study shows clean-water 
benefits of kelp. KSTK. https://www.kstk.org/2023/02/06/
kelp-help-study-shows-clean-water-benefits-of-kelp/

Sherwood, J., Mondon, J. and Fenton, C. (2008). Classification 
and management issues of estuaries in Western Victoria. 
Proceedings of the Royal Society of Victoria, 120(1), 257-276.

AgriFutures Australia Regulatory reform for environmentally responsible management of beach wrack and estuarine seaweed growth

https://doi.org/doi:10.1515/bot-2022-0061
https://massivesci.com/notes/seagrass-sargassum-caribbean-harming-marine-life/
https://massivesci.com/notes/seagrass-sargassum-caribbean-harming-marine-life/
https://massivesci.com/notes/seagrass-sargassum-caribbean-harming-marine-life/
https://agrifutures.com.au/product/australian-seaweed-industry-blueprint-a-blueprint-for-growth/
https://agrifutures.com.au/product/australian-seaweed-industry-blueprint-a-blueprint-for-growth/
https://agrifutures.com.au/product/australian-seaweed-industry-blueprint-a-blueprint-for-growth/
https://doi.org/10.1007/s10811-023-03067-z
https://doi.org/10.1007/s10811-023-03067-z
https://doi.org/10.1371/journal.pone.0077344
https://doi.org/10.1371/journal.pone.0077344
https://doi.org/10.1016/j.jenvman.2018.10.047
https://doi.org/10.1016/j.jenvman.2018.10.047
https://doi.org/10.1016/j.jenvman.2023.118091
https://doi.org/10.1016/j.jenvman.2023.118091
https://promac.no/wp-content/uploads/2019/01/7_Helene-Marfaing_Applying-the-ensilage-process-to-macroalgae.pdf
https://promac.no/wp-content/uploads/2019/01/7_Helene-Marfaing_Applying-the-ensilage-process-to-macroalgae.pdf
https://promac.no/wp-content/uploads/2019/01/7_Helene-Marfaing_Applying-the-ensilage-process-to-macroalgae.pdf
https://digitalcommons.usf.edu/cgi/viewcontent.cgi?article=1131&context=basgp_report
https://digitalcommons.usf.edu/cgi/viewcontent.cgi?article=1131&context=basgp_report
https://doi.org/10.7717%2Fpeerj.2918
https://dukespace.lib.duke.edu/items/ba278d4d-1763-45ac-b3f5-3b41f3e91ec6
https://dukespace.lib.duke.edu/items/ba278d4d-1763-45ac-b3f5-3b41f3e91ec6
https://doi.org/10.1080/09670269600651241
https://doi.org/10.1080/00288330.2015.1064975
http://hdl.handle.net/10948/d1012097
http://hdl.handle.net/10948/d1012097
https://www.aciar.gov.au/project/fis-2010-098
https://www.aciar.gov.au/project/fis-2010-098
https://doi.org/10.4161/cib.3.6.12978
https://doi.org/10.4161/cib.3.6.12978
https://doi.org/10.1029/2020GB006858
https://doi.org/10.1029/2020GB006858
https://doi.org/10.1038/s41467-022-35673-9
https://doi.org/10.1038/s41467-022-35673-9
https://www.kstk.org/2023/02/06/kelp-help-study-shows-clean-water-benefits-of-kelp/
https://www.kstk.org/2023/02/06/kelp-help-study-shows-clean-water-benefits-of-kelp/


Smith, A. (2022). Agriculture minister officiates at trial to 
clean up waterways using algae. NZ Herald. https://www.
nzherald.co.nz/waikato-news/news/agriculture-minister-
officiates-at-trial-to-clean-up-waterways-using-algae/
SFFVZUXCGVDOHDGTTWZQDPDLYA

Smith, H. and Bourne, D. (2023). Seaweed is taking over coral 
reefs. But there’s a gardening solution – sea-weeding. AIMS. 
https://www.aims.gov.au/information-centre/news-and-
stories/seaweed-taking-over-coral-reefs-theres-gardening-
solution-sea-weeding

Soderqvist, T., Nathaniel, H., Franzen, D., Franzen, F., 
Hasselstrom, L., Grondahl, F., Sinha, R., Stadmark, J., Strand, 
A., Ingmansson, I., Lingegard, S. and Thoman, J.-B. (2022). 
Cost-benefit analysis of beach-cast harvest: Closing land-
marine nutrient loops in the Baltic Sea region. Ambio, 51, 
1302-1313. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC8931131/

Sorbom, J. (2020). Utilizing beach-cast seaweed for biochar 
production in Gotland: a study of energy and carbon balances 
of algal biochar. Master’s thesis, KTH School of Industrial 
Engineering and Management. https://www.diva-portal.org/
smash/get/diva2:1523757/FULLTEXT01.pdf

Tanaka, Y., Ashaari, A., Mohamad, F. S. and Lamit, N. 
(2020). Bioremediation potential of tropical seaweeds in 
aquaculture: low-salinity tolerance, phosphorus content, 
and production of UV-absorbing compounds. Aquaculture, 
518, 734853. https://doi.org/https://doi.org/10.1016/j.
aquaculture.2019.734853

Thompson, T. M., Young, B. R. and Baroutian, S. (2020). 
Pelagic Sargassum for energy and fertiliser production in 
the Caribbean: A case study on Barbados. Renewable and 
Sustainable Energy Reviews, 118, 109564. https://doi.org/
https://doi.org/10.1016/j.rser.2019.109564

Threatened Species Scientific Community. (2018). Approved 
Conservation Advice for the assemblages of species 
associated with open-coast salt-wedge estuaries of western 
and central Victoria ecological community. Department of 
the Environment and Energy. https://www.environment.
gov.au/biodiversity/threatened/communities/pubs/132-
conservation-advice.pdf 

UC Berkeley Mechanical Engineering. (2023). Seaweed 
farms in river estuaries significantly reduce nitrogen 
concentrations and prevent environmental pollution. https://
me.berkeley.edu/news/seaweed-farms-in-river-estuaries-
significantly-reduce-nitrogen-concentrations-and-prevent-
environmental-pollution/ 

Victorian Government and Corangamite Catchment 
Management Authority. (2005). Applying an Ecological Risk 
Assessment process to investigate nutrient enrichment in 
the Curdies River Catchment: A basis for future monitoring 
and management. https://www.ccmaknowledgebase.vic.gov.
au/kb_resource_details.php?resource_id=1954 

Victorian Government and Corangamite Catchment 
Management Authority. (2017). Curdies River Estuary 
Management Plan. https://www.ccmaknowledgebase.vic.gov.
au/kb_resource_details.php?resource_id=4873 

Xiao, X., Agusti, S., Lin, F., Li, K., Pan, Y., Yu, Y., Zheng, Y., Wu, 
J. and Duarte, C. M. (2017). Nutrient removal from Chinese 
coastal waters by large-scale seaweed aquaculture. 
Scientific Reports, 7(1), 46613. https://doi.org/10.1038/
srep46613

Xu, S., Yu, Z., Zhou, Y., Yue, S., Liang, J. and Zhang, X. (2023). 
The potential for large-scale kelp aquaculture to counteract 
marine eutrophication by nutrient removal. Marine 
Pollution Bulletin, 187, 114543. https://doi.org/10.1016/j.
marpolbul.2022.114513

Learn more 
www.agrifutures.com.au/emerging-industries

AgriFutures Australia Regulatory reform for environmentally responsible management of beach wrack and estuarine seaweed growth

https://www.nzherald.co.nz/waikato-news/news/agriculture-minister-officiates-at-trial-to-clean-up-waterways-using-algae/SFFVZUXCGVDOHDGTTWZQDPDLYA
https://www.nzherald.co.nz/waikato-news/news/agriculture-minister-officiates-at-trial-to-clean-up-waterways-using-algae/SFFVZUXCGVDOHDGTTWZQDPDLYA
https://www.nzherald.co.nz/waikato-news/news/agriculture-minister-officiates-at-trial-to-clean-up-waterways-using-algae/SFFVZUXCGVDOHDGTTWZQDPDLYA
https://www.nzherald.co.nz/waikato-news/news/agriculture-minister-officiates-at-trial-to-clean-up-waterways-using-algae/SFFVZUXCGVDOHDGTTWZQDPDLYA
https://www.aims.gov.au/information-centre/news-and-stories/seaweed-taking-over-coral-reefs-theres-gardening-solution-sea-weeding
https://www.aims.gov.au/information-centre/news-and-stories/seaweed-taking-over-coral-reefs-theres-gardening-solution-sea-weeding
https://www.aims.gov.au/information-centre/news-and-stories/seaweed-taking-over-coral-reefs-theres-gardening-solution-sea-weeding
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8931131/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8931131/
https://www.diva-portal.org/smash/get/diva2:1523757/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:1523757/FULLTEXT01.pdf
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.734853
https://doi.org/https://doi.org/10.1016/j.aquaculture.2019.734853
https://doi.org/https://doi.org/10.1016/j.rser.2019.109564
https://doi.org/https://doi.org/10.1016/j.rser.2019.109564
https://www.environment.gov.au/biodiversity/threatened/communities/pubs/132-conservation-advice.pdf
https://www.environment.gov.au/biodiversity/threatened/communities/pubs/132-conservation-advice.pdf
https://www.environment.gov.au/biodiversity/threatened/communities/pubs/132-conservation-advice.pdf
https://me.berkeley.edu/news/seaweed-farms-in-river-estuaries-significantly-reduce-nitrogen-concentrations-and-prevent-environmental-pollution/ 
https://me.berkeley.edu/news/seaweed-farms-in-river-estuaries-significantly-reduce-nitrogen-concentrations-and-prevent-environmental-pollution/ 
https://me.berkeley.edu/news/seaweed-farms-in-river-estuaries-significantly-reduce-nitrogen-concentrations-and-prevent-environmental-pollution/ 
https://me.berkeley.edu/news/seaweed-farms-in-river-estuaries-significantly-reduce-nitrogen-concentrations-and-prevent-environmental-pollution/ 
https://www.ccmaknowledgebase.vic.gov.au/kb_resource_details.php?resource_id=1954
https://www.ccmaknowledgebase.vic.gov.au/kb_resource_details.php?resource_id=1954
https://www.ccmaknowledgebase.vic.gov.au/kb_resource_details.php?resource_id=4873
https://www.ccmaknowledgebase.vic.gov.au/kb_resource_details.php?resource_id=4873
https://doi.org/10.1038/srep46613
https://doi.org/10.1038/srep46613
https://doi.org/10.1016/j.marpolbul.2022.114513
https://doi.org/10.1016/j.marpolbul.2022.114513
http://www.agrifutures.com.au/emerging-industries

