Request for changes to licence DEML2248 ‘Seagrass Ocean Rescue’
· Originator: Stijn den Haan & Dr. Richard Unsworth
· Changes requested by: Stijn den Haan
· Licence holder: Dr. Richard Unsworth, Project Seagrass
· Contact Details: 
· Stijn: Stijn.denhaan@swansea.ac.uk, 07888829291 
· Richard: Richard@projectseagrass.org

Request
To amend methods described in DEML2248 with the following: 
1. Use our boat Gwenhidw to tow a sled over the seabed that injects seagrass seeds through a peristaltic pump into the sediment. Details are explained below.
2. Use our boat Gwenhidw to tow a sled over the seabed that opens a shallow furrow of a few centimetres depth, in which we deploy biodegradable bags with seeds and/or seed balls with seagrass seeds. Details are explained below.

Background
The Seagrass Ocean Rescue North Wales project aims to plant seagrass over an area of 10 hectares across North Wales, for which we obtained marine licence DEML2248. Since the start of our licence in November 2022, we have conducted field-based manual (hand-held) scientific planting trials at Carreg y Defaid (Y Gamlas) and Pen-y-Chain 1 in February and April 2023 by planting 200,000 seagrass. Moreover, we have conducted experiments in controlled aquariums at Swansea University. Our field-based results show that seed injection techniques – built on decades of research in the United States (Traber, Granger, and Nixon 2003; Orth et al. 2008; Marion and Orth 2010) and more recently in The Netherlands (Govers et al. 2022; Gräfnings et al. 2023) – are very effective seagrass planting techniques in addition to planting biodegradable bags. Furthermore, through our aquarium-based research we are developing a promising technique to plant seagrass seeds with the use of seed balls (based on previous work, including Xu et al. 2022); these have shown success in the aquarium-based and small-scale field-based trials. Hence, through this amendment, we would like to make it possible to use these techniques at scale and thereby increase our effectiveness in restoring seagrass meadows in North Wales.

Detailed request: sled for seed injection
We obtained this sled from the University of Rhode Island; this sled has been thoroughly tested, used, and its method has been published (Orth et al. 2008; Traber, Granger, and Nixon 2003) to inject a mixture of gelatin and seagrass seeds into the seabed and successfully restore seagrass meadows in the United States. When it is towed, the sled opens shallow furrows (the depth can be adjusted based on local sediment conditions), into which the abovementioned mixture is injected through a peristaltic pump operated from the boat, and the furrow is closed again afterwards. The sled is 1 metre in width. The planting depth is a few centimetres and can be adjusted based on local sediment conditions.

Our aim with this sled, or an adapted version with the same functionality, is to:
· Use it within the boundaries of the marine licence areas described in DEML2248;
· Tow it with our boat Gwenhidw;
· Use a mixture of Zostera marina seeds, inert clay powder, gelatin powder, and/or water to inject into the seabed; the volume of this mixture that would be injected is c. 300-400 mL / m2 along with c. 300-350 Zostera marina seeds.
· While our aim is to plant seagrass over an area of 10 hectares, we will not spread seagrass seeds homogeneously across 10 hectares. Instead, we will concentrate our seeds in high-density plots, using mechanised and manual planting methods, to establish dense seagrass patches as density is important to survival success (Van Katwijk et al. 2016; Maxwell et al. 2017; Dalby et al. 2023). Therefore, when injecting seagrass seeds with the abovementioned mixture, the amount of deposited material (excl. water) per hectare equates to c. 750 kg.

[image: ]Figure 1 Pictures of the sled for seagrass seed injection; pictures adapted from Orth et al. 2008.



Detailed request: sled to plant seed balls and bags
[image: ]This prototype sled was constructed by Sam Rees at Swansea University. When it is towed by a boat, it opens a furrow in which biodegradable bags with seagrass seeds and/or seedballs with seagrass seeds can be deposited, after which the sled automatically closes the furrow again. The sled has one moving part which is a lever to increase or decrease the depth at which the furrow is created (thereby adjusting for local sediment conditions). This sled has been trialled in the Swansea Bay with bags filled with only sediment thus far, which demonstrated its proper functioning.Figure 2 The sled (red in colour) to plant seed balls and bags. Note that it is located on a pallet for storage only. Through the black flexible coupling, bags and/or seed balls would be fed to the sled for burial.


Our aim with this sled, or an adapted version with the same functionality, is to:
· Use it within the boundaries of the marine licence areas described in DEML2248;
· Tow it to create a furrow and plant:
· Biodegradable bags containing seagrass seed and c. 80 mL sand, the bag being roughly 13 cm x 7.5 cm in size. Planting density is c. 8 bags per m2.
· Seed balls consisting of inert clay powder, loam powder, silt powder, limestone powder, carrageenan powder (polysaccharides of red algae), and/or water. The seed balls are c. 2 cm in diameter. Planting density is c. 100-400 balls per m2, depending on the number of seeds present in each ball, which is c. 0.25-1 kg dry powder per m2. Clay is the dominant ingredient.
· After planting abovementioned items, the furrow is automatically closed again as the sled moves over the seabed.





Stakeholder Engagement
We will inform relevant stakeholders of the Seagrass Ocean Rescue North Wales project via Alison Palmer-Hargrave (Pen Llyn a’r Sarnau SAC Officer), Nia Jones (Living Seas Manager at the North Wales Wildlife Trust), and Flo Taylor (Stakeholder Engagement Officer at Project Seagrass).
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