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1. Introduction

The information presented here is a follow-up report from that submitted in spring 2024. The seagrass plants within the meadows at Ballyhenry have now completed their seed production cycle with growth slowing coming into the colder winter months. Seagrass plants and their foliage will be close to their maximal length. 
Both trial sites where the Advanced Mooring Systems are installed were surveyed (Figure 1), with slight modifications to survey technique due to the expected length of the seagrass plants.
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Figure 1. Advanced Mooring Systems deployed in Ballyhenry Bay,  Stirling© N 540 23.352’; W 0050 33.739’ and    Seaflex© N 540 23.295’; W 0050 33.751’.

It may be of interest to the Council that during the length of the Ballyhenry trial several AMS active projects have now started in other regions of the UK; Priory Bay Isle of Wight Mermaid K Mooring System, Natur am Byth! Project North Wales, Safemoor and Seaflex systems and Dale Bay Pembrokshire.
These projects have proved to be incredibly successful with several hectares of seagrass meadow now protected and damaged seagrass biotopes in a state of recovery.  This work is not confined to the UK with trials being conducted globally.
The damage from mooring chain scar cannot be underestimated as Anouska Mendzils UAV image from the Isle of Wight highlights (Figure 2).
[image: UAV imagery depicting mooring scars within seagrass meadow at Seaview, Isle of Wight. Advanced mooring systems could reduce this damage.]
Figure 2. UAV imagery depicting mooring scars within seagrass meadow at Seaview, Isle of Wight.   Photo Credit: Anouska Mendzil 
It is important to remember that the Zostera marina seagrass meadows in Strangford Lough have been recognized by the Joint Nature Conservation Committee as some of the most pristine habitats of their type in UK waters. The AMS trials currently underway are an excellent start in protecting the exemplar seagrass biotopes that are under the remit of NMDDC.
1. Methods AMS comparison 
It was necessary to change the methodology during this survey due to the density of coverage and length of the seagrass blades. Video transect surveys replaced random quadrat survey as the quadrat could not accommodate the blade length of the plants. Video transect analysis over a 30m line deployment is considered suitable for vegetative coverage surveys of seagrass. A simple linear regression on the spring survey data showed a highly significant relationship existed between the data sets for both video search and transect survey methods (R2= 0.999; p<0.0001).
Except for the change to video assessment over a fixed distance the methodology remained the same as that undertaken in the spring. 
To investigate the seabed impact of each system a circular cardinal direction compass survey was employed at both Advanced Mooring Systems sites the Stirling© N 540 23.352’; W 0050 33.739’ and Seaflex© N 540 23.295’; W 0050 33.751’. Scientific divers entered the water at the surface buoy of each mooring system. Divers descended the mooring rope and chain until contact was made with the mooring block. A transect line was attached to centre eye of the block; diver 1 swam a 16 m transect line for the following cardinal directions S, SW, W, NW, N, NE, E, SE (Figure 4). Diver 2 carried out a video survey of transects SW, NW, NE and SE. 
Videos were analysed for % cover of seagrass and associated flora and fauna. Transient fauna within the survey area was noted using an in-situ visual census technique and from post survey video analysis undertaken by a skilled taxonomist. Substratum/sediment type and seagrass canopy height was 
assessed and measured in-situ at transect start, midway and finish point.


[image: A white circle in the sky

Description automatically generated]

Figure 3. Compass rose showing where each quadrat was placed in relation to the direction. 
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Figure 4. QUB scientific diver R. Baijko laying transect line at the Sterling AMS site.


[image: Seaweed on the ground under water]
Figure. 5 Digital still taken 0.5m from video transect line, Stirling © AMS.
[image: Long close-up of green plants under water]
Figure. 6 Digital still taken 0.5m from video transect line, Seaflex © AMS.
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Figure 7. Video capture comparison between both sites, 3m from mooring blocks.






2. Survey outcomes / results

Divers descended Stirling© at N 540 23.352’; W 0050 33.739’ AMS to a maximum depth of 6.3m. It was apparent that the Stirling© AMS had failed at five float attachments along the chain length from the mooring block eye to 10m of chain leading to the surface buoy. 
[image: ]
Figure 8. Stirling float attachment points missing.

This resulted in the mooring chain had dragging the seabed causing a 10-15m circular scar around the block removing all seagrass within the circumference of the chains path (Figures 9-11). No intact seagrass was discovered within the chain drag area, however, beyond the compass cardinal survey boundary sparse seagrass coverage was discovered in small clumps. As the diver travelled further from the mooring the seagrass root system became more intact with an increase in coverage. 
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Figure 9. Seabed 2m from mooring block Stirling© AMS
[image: A close-up of a grey surface]
Figure 10. Seabed 4m from mooring block Stirling© AMS
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Figure 11. Seabed 6m from mooring block Stirling© AMS

Divers descended the Seaflex© N 540 23.295’; W 0050 33.751’ AMS to a maximum depth of 3.8m. On inspection the system was in good working order. Seagrass was intact with dense coverage from the mooring block to the circumference boundary of the survey plot.
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Figure 12. Seaflex© mechanism in sound working order.
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Figure 13. Dense seagrass coverage 2m from Seaflex© mooring block.
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Figure 14. Dense seagrass coverage 4m from Seaflex© mooring block.
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Figure 15. Dense seagrass coverage 6m from Seaflex© from mooring block.




        3.1 Substrate type 
No changes were detected in substrate type or JNCC associated biotope species between the AMS sites. The substrate remained a clean muddy sand which aligned with the criteria from the Joint Nature Conservation Committee code for: - SS.SMp.SSgr.Zmar, which describes a Zostera marina bed on subtidal or infralittoral on clean or muddy sand substrate (Table 1).

Table 1. Ballyhenry Bay physical habitat description for both AMS trial sites.
	Salinity
	Full (30-35 ppt), Variable (18-35 ppt) only in event of a fresh       
                                                       water run-off incident

	Wave exposure
	Moderately exposed, Sheltered, 

	Tidal streams
	Moderately strong (1-3 kn), Weak (>1 kn), Very weak on slack

	Substratum
	Clean sand to muddy fine sand or mud

	Zone
	Infralittoral to subtidal

	Depth Band
	0-5 m, 5-10 m















        3.2 Seagrass habitat species composition and recorded macrofauna

Both AMS sites where characterised by expanses of clean or muddy fine sand and sandy mud in shallow water (2-6 m depth) with dense stands of Zostera marina. Typically seagrass habitats such as those at Ballyhenry which meet the SS.Smp.SSgr.Zmar UK Gov. biotope code have an associated flora and fauna community dominated by Zostera associated species. However, as the survey time was 11/2024 a number of summer sessile and motile species where not recorded. Though, this may not be the situation during the summer months when seasonal species richness increases. 
A full list of associated characterising species has been constructed for seagrass bed biotopes throughout the seasons which meet the substrate/sediment type of those found at the Ballyhenry (Table 2). Species which were recorded during the 03/2023 survey for each AMS site have been identified in the table below.

Table 2. Species recorded during the 03/23 AMS Ballyhenry survey recorded in a characterising species list for a designated SS.SMp.SSgr.Zmar seagrass habitat (x present and 0 absent).

	Taxon
	Importance of taxon for defining biotope (%)
	Typical abundance 
	% records where taxon was recorded
	Stirling© AMS
03/23
	Seaflex©
AMS
03/23

	Zostera marina
	52
	Abundant
	81-100%
	0-10%
	70-90%

	Corophium volutator
	9
	Abundant
	21-40%
	0
	0

	Nemertea
	6
	Common
	41-60%
	x
	x

	Nematoda
	5
	Commo
	21-40%
	x
	x

	Scoloplos armiger
	5
	Abundant
	41-60%
	0
	x

	Chorda filum
	4
	Frequent
	21-40%
	x
	x

	Tubificoides benedii
	4
	Frequent
	21-40%
	0
	0

	Ampelisca brevicornis
	3
	Frequent
	21-40%
	Ampelisca sp. x
	Ampelisca sp. x

	Anemonia viridis
	3
	Occasional
	21-40%
	0
	0

	Arenicola marina
	3
	Occasional
	21-40%
	0
	0

	Carcinus maenas
	3
	Occasional
	41-60%
	0
	x

	Fabulina fabula
	3
	Occasional
	21-40%
	x
	x

	Kurtiella bidentata
	3
	Common
	21-40%
	0
	0

	Platynereis dumerilii
	3
	Frequent
	21-40%
	0
	x

	Abra alba
	2
	Common
	21-40%
	Valves only
	x

	Asterias rubens
	2
	Occasional
	21-40%
	0
	x

	Nototropis swammerdamei
	2
	
	21-40%
	0
	0

	Capitella capitata
	2
	Common
	21-40%
	0
	0

	Dexamine spinosa
	2
	Frequent
	21-40%
	0
	Dexamine sp.

	Tritia reticulata
	2
	Occasional
	21-40%
	x
	x

	Saccharina latissima
	2
	Occasional
	21-40%
	x
	x

	Pagurus bernhardus
	2
	Occasional
	21-40%
	0
	x

	Thyasira flexuosa
	2
	
	1-20%
	x
	0

	Urothoe elegans
	2
	
	21-40%
	0
	0

	Ulva
	2
	Occasional
	21-40%
	x
	x

	Palmaria palmata
	
	
	
	x
	x

	Idotea balthica
	1
	
	21-40%
	0
	0

	Oligochaeta
	1
	Frequent
	21-40%
	0
	0

	Amphipholis squamata
	1
	Abundant
	21-40%
	0
	x

	Apseudopsis latreillii
	1
	Frequent
	21-40%
	0
	0

	Cancer pagurus
	1
	Frequent
	21-40%
	0
	x

	Liocarcinus depurator
	1
	Common
	1-20%
	0
	x

	Necora puber
	1
	Occasional
	21-40%
	0
	x

	Leseurigobius friesii
	1
	Common
	21-40%
	x
	x

	Sagartia elegans
	1
	
	21-40%
	0
	x


 			

     3.3 Seagrass percentage cover at Ballyhenry AMS sites 

As with the previous survey percentage cover of seagrass at the AMS sites varied significantly and indeed can be considered replicated.
The percentage cover cannot be considered a true representation of the optimum seagrass coverage achievable from both systems as the Stirling© mooring was damaged and not in an operational state. The Stirling© system would appear to be unsuitable for the Ballyhenry site. The AMS has been upgraded and repaired since the previous failure and still succumb to the hydrodynamic conditions of the site. The Stirling AMS requires further amendments if it is to provide a workable alternative to the Seaflex© mooring which has worked without fault throughout the trial.
It was estimated that the Seaflex© AMS had >70% of seagrass coverage throughout the survey plot, whereas the Stirling© AMS had <30% (check video footage for confirmation).
        3.4  Seagrass canopy height
As with the previous survey assessments seagrass canopies were measured in-situ at both AMS sites. The Ballyhenry seagrass meadows can be prone to the effects of storm damage due to their shallow subtidal location. However, this did not appear to be the case. Indeed, the shallower Seaflex© AMS which would be more at risk of storm damage had seagrass blades on plants measuring > 40cm in length. The average blade length in seagrass from the Seaflex© AMS block to the boundary of the plot was between 20 and 35cm, with the plants considered to be in a good state of health.
[image: A scuba diver in the sea]
Figure 16. Seagrass blades at Seaflex© AMS more than 40cm in length.
The Stirling© AMS site only had measurable intact individual plants on the periphery of the plot. The damage from chain drag was extensive and the seagrass canopy could not be considered functional. Disturbance to seagrass can extend beyond the point of the initial damage as the root systems are often connected and intertwined for many meters. This can help explain why the seabed scar at the Stirling© site continued beyond the actual impact circumference of the mooring chain.
[image: Long shot of a seabed]

Figure 17. Seagrass showing the effects of chain drag on the periphery of the Stirling AMS plot.

4. In Summary

As with preceding surveys the 2024 investigation of the AMS eco-moorings under test at Ballyhenry can be considered a success. Useful data was collected even though as in previous years only the Seaflex© system was operational. The survey has confirmed that the Seaflex© mooring eliminated anchor chain drag and the loss of seagrass and is an excellent system for the challenging conditions of Strangford Lough. 
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