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Large Scale
Restortion of Subtidal
/ostera marina

The EU LIFE Recreation ReMEDIES project aimed to demonstrate
large scale restoration of Zostera marina (an 8ha target).

LIFE Recreation ReMEDIES is a five year project that will improve the condition
of four marine habitats of European importance.
The project aimed to:

- Demonstrate habitat restoration and management techniques including
seagrass restoration.

- Protect and improve the condition of key intertidal and subtidal habitats.
- Raise awareness and actively inspire better care of the habitats by key users.

- Monitor, record and evaluate the project to maximise public benefits,
conservation impact and repeatability across Europe.

The project trialled a variety of innovative techniques, consisting of
un-germinated seed deployments (Seed Broadcasting), injection of seed into
the seabed (Hydro Marine Seeding) and trans-locating established plants
deployments (Seagrass Mat Technology).

Over 4 years of restoration, both success and set backs were experienced.
This report takes the learnings from EU LIFE Recreation ReMEDIES (Reducing
and Mitigating Erosion and Disturbance Impacts affEcting the Seabed) to
recommend Best Practice for other Zostera marina restoration projects.

>
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Executive Summary

2 Engagement

g : For the restoration efforts to be successful all
After 4 years of effort to restore seagrasses in 2 locations across e

the South Coast of England the restoration team advise the through statutory licencing requirements and
: through community conversations to reduce physical
followmg PIOEESS. disturbance on the site. Local stakeholders must be
central to restoration efforts; their buy-in and support
avoids disturbance and provides the highest

1 Site Selection chance of success.

Models have been developed to guide site
selection through habitat suitability modelling.

It is recommended the model includes:

Temperature ~ « Wave Exposure . a 3 Voluntary No

Bathymetry « Sediment Particle Size

Light Availability «  Turbidity Anchor Zone

Salinity « Currents

Delineating the area of the planting to
highlight its existence to water users
reduces pressures and aids establishment
and expansion of the seagrass meadows.

Assess these variables in your proposed location,
or see www.data.gov.uk seagrass-potential for
typical parameters.

Seagrass Mat
Technology

Translocating adult plants provides a

4 Hydro Marine Seeding 6 Monitor

Aiding recruitment of seed into the seedbank

through a method of seed broadcast removes ' :
the requirement to densely translocate catalyst for vegetative regeneration of

established plants. Exposing the seed to e.stablis_hed plants \(vithin the resto!’ation

natural processes of vernalisation (exposure site. This can also aid natural recruitment Plant health should be monitored annually for the first 5 years

to decreased temperature) and germination of seed through sedlment trapping and and then on a regular monitoring schedule, for example every 3

s — changes in hydrodynamic flow. years. 5 years after planting begins extent surveys should then
be conducted in conjunction with health assessments.

Monitoring water quality, recreational and commercial impacts of
the site, long term monitoring will help understand success and
additional actions required.

Would recommend extent surveys as soon as >5% coverage, to
see if it grows then retracts or keeps expanding.
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Seed
Collection

Selection of restoration approach is driven by environmental conditions and resources
available. Which methods can be adopted will depend upon access to materials and
coastal processes. Different approaches have required different seed quantities.

What Approach is being adopted for restoration?

Assessing the quantity of seed required for a restoration project:

4 20,000 =
b
Seed Bags pe?g}?a 600,000
seeds per ha
= 10,000 ==
Hydro Marine injections 100,000
Seeding per ha seeds,per ha
= 600 —
SMT
Seagrass Mat mats per ha 120,000

Technology

seeds per ha

Activity within the UK must be conducted in consultation with the Marine

Management Licence System.

10
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Seed donor site must be from a healthy bed in the Natural England
“Favourable Condition” status (i.e. greater than 60% shoot cover)

\

Selecting the time of year to collect
seeds will depend on the geographical
area. Collection along the South Coast
of England should occur between

July and August.

To reduce potential impact on the seedbank from the donor meadow every third reproductive
shoot should be harvested.

Reproductive

Shoot
/ Cut here

Divers should be careful to only snip Fine mesh bags stop any early Insulated storage boxes help to
the stem of the reproductive shoot, seeds falling out during the maintain a low temperature and
leaving the root system intact. collection process. reduce shock to the seeds.
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Seed Collection from
Subtidal Zostera marina
Meadows

Collection can be a complicated

process, when planning collection collected by
the following can be used as

a guide. experienced
divers

reproductive shoots
can be collected by
experienced divers
within 45 minutes

Approximately
70 seeds per
reproductive
shoot

*Any diving undertaken must be
in accordancewith organisational
dive protocols.
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Seed
Extraction

After seed collection is complete and a suitable facility
has been selected for plant decomposing, Zostera
marina seeds can be collected as the plant material
naturally breaks down.

The seeds will naturally fall out of their spathes (similar to a pea pod)
once they are fully developed.

A re-circulatory, high flow, and well ventilated system ensures the
reproductive shoots do not become stagnant, and encourages
decomposition.

On average it takes 2 months for plant material to decay and seeds
to be released of their spathes, ready for collection. Fine mesh is
used to collect, clean and separate the seeds of any remaining plant
material. This can be time consuming as repetitive sieving is required
to harvest the maximum amount of viable seed.

15
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Seed

Stora e Tocnlenedl hemrating i & 1 £6; Correct storage is critical for the
g nsulated housing to increase cooling efficency I SevE] GO e S
— Filters The seeds storage unit by Varicon has

been highly effective for ReMEDIES,
although any system that can keep
high saline water at 3-4°C is suitable.

Dosing the seeds with pre-chilled,
high salinity water (40-45ppt) twice a
week is enough to limit the presence
and impact of pathogens such as
Phytophthora or Halophytophthora.

Filters (1000 micron)
catch non-viable
seed / plant material

ReMEDIES cultivation protocol included
measuring the seeds in storage
monthly. Measuring in litres, based
from an average of 74 seeds per ml.

Vla,(l;le This protocol provides an opportunity
Water et to flush the system, rinse the seeds
flow and helps keep control of any
pathogens present.
water Circulation of system
Chiller purlfler Water is pumped from the sump and

through the bottom of the columns
gently agitating the seeds, and is
siphoned off the top of the columns
through filters before returning to
the sump and being re-chilled.

Main sump

Reserve
sump

Flow Rate = 66 liters per min.

16
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Seed Storage

Expected water chemistry results from the seed storage unit and an annual cycle
of the salinity and temperature observed.

Parameter Expected Values

Ammonia (mg/L) 0.125+0.125

Phosphate (ppm) 0.1£0.1

Nitrate (mg/L) 1+1

Nitrite (mg/L) 0.1£0.1

Alkalinity (dKH) 10+ 3

Salinity (ppt) 42+ 3

Temp (*C) 3

pH 7 +0.5

Iodide (mg/L) 0.04+0.02

Seeds must be exposed to cold
temperatures for a period of several
months to mimic natural vernalisation
processes. This does not induce
germination whilst in storage. Removal
from storage, planting into 15 degrees
°C, 32 ppt seawater, full germination is

Salinity / Temperature Conditions for 1 year storage cycle
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Sterilisation of seed after storage
eliminates potential pathogens.

The process is as follows:

30 seconds bath in 70% ethanol. Made
from 100% ethanol diluted with reverse
osmosis water.

5 minute bath in 5% bleach solution, dilute
with reverse osmosis water.

Neutralise chlorine with sodium thiosulfate
bath for 2 mins.

Rinse in seawater 3 times.

The project found this process reduced
bacteria carried on the seed coat, assisting
in the development of healthier plants.
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Seed Broadcasting

Seed Broadcasting refers to the mass dispersal of seeds to induce restoration
by encouraging germination through natural triggers overwinter and during the
spring. Two methods have been used for seed broadcasting; seed bags and

hydro marine seeding.

Seed Bags

13cm
Bag q X

3cm
_F.

7
Q.

S

%
Seeds

+
=

20,0

-

0

lha area
(at 0.5m apart)
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Seed bags - 13cm x 13cm biodegradable
hessian filled with a horticultural sand (150q),
approximately 30 seagrass seed, and dried
fish, blood and bone (circa.1 gram). The bags
are then tied closed at the top with hessian
string using a double knot.

20,000 hessian seed laden bags cover 1ha
when deployed every 0.5m. These are quick
to deploy from the surface, though several
days and hundreds of volunteers are required
to package the bags. Volunteers enjoyed

the activity and it can be expected that

each volunteer creates approximately

40 bags per hour.

Once packed the seed bags were wetted
with fresh water ready for transport to the
restoration sites via a deployment vessel
(such as a barge). Deployment from the
surface through deployment tubes (exit

of tube a minimum of 2 meters below the

surface of the water) took place along
predetermined deployment lines.

This approach was carried out in both
restoration sites.
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Volunteers were a critical part of
packing over 60,000 bags for this
project; around 700 people were
engaged through this activity.

The untreated hessian bags resting
on the seabed were expected to
facilitate germination of seeds
contained within the package. It was
hoped that the young plants would

root into surrounding sediments before
the total breakdown of the bag. Low
germination was observed on one site
(Plymouth Sound). Within the other
site, tidal currents washed the sand
from the bag leaving behind seeds
(Solent Maritime), once ballast had
been removed the bags became

mobile and were washed away.

21
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Carrying media of agar is mixed with
sand and seed to plant seeds into the
sediments at a pre determined optimal
depth of 40 mm. Hand operated by
trained divers the HMS OCT'0’PUS
performs seed delivery quickly if the
consistency of the carry media is correct.

Hydro
Marine Seeding

The Hydro Marine Seeding OCT'0'PUS
operated by a diver can be activated 200
times within 20 mins covering 2% of a
hectare from the single diver.

Hydro Marine Seeding with the OCT'0’PUS (Ocean
Conservation Trust ‘0’ Pressurised Underwater Seeder)
is an alternative method for mass seed broadcasting;
created following low germination rates returned by
18ml Seed
[orsmm s\ the seed bags.
1,332 Seeds

6 x OCT'0'PUS were created allowing

1 dive consisting of 6 x divers to cover
12% of hectare per diver. The ReMEDIES
project deployed 0.5 hectares a day,

with 10 x OCT'0'PUS it is expected the
divers could deploy 1 hectare per day.
With continued monitoring, if restoration
success is evidenced with this method,
the process could be mechanised further
and potentially automated to reduce
restoration cost.

The Hydro Marine Seeding approach delivers a highly
effective method of deploying seed into the seed bank
without the requirement for long-term seed storage
or intensive preparation for deployment. The device
deploys circa 8 seed per activation to a depth of
40mm into the sediment, where natural triggers

for germination can influence seedling growth.

The subtidal environment poses several challenges
that requires consideration to effectively deliver seed
into sediments. Constant submersion requires a

— non-return nozzle to avoid seawater from being drawn
in to the carry media mix. To overcome this problem
]-ha' area the OCT developed the Hydro Marine Seeder, Ocean
(injections 1m apart) Conservation Trust Pressurised Underwater Seeder.

22 23
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Seed
Broadcasting
Our outcomes

Deployment of seed bags worked to engage a large number of stakeholder
participants but returned low plant establishment within the Plymouth
Sound restoration site and failed in the Solent Maritime.

Use of Hydro Marine Seeding returned initial results of high plant
establishment within some areas of both sites and has been efficient to use.

Simple plant establishment monitoring was conducted over transect surveys
with measurements taken every 5 metres to understand plant growth.
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IQ/ Large engagement

JX( Low germination,
down 5%

X High level labour

X Low engagement

Greater restoration in
less time

‘Z/ Positive initial results
in short periods of time

g/ Works across a variety
of sites
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Seagrass Mat Technology

Propagation

0.5m

Seed mat technology (SMT) incorporates a cotton Sterilised horticultural sand is layered onto the SMT to provide
sheet (to limit sediment loss) and hessian pillow structure for the roots to grow into ready for translocation.
(intertwining coconut coir with a stronger rope Plants established within the SMT can be easily transferred
like outer) 0.5m x 0.5m. onto the seabed.

LED strip lights that produce >80 PAR at sediment level is adequate.
To simulate the natural environment, having asun rise and sun set
dimming system should be applied.

7 7 7 T 7T 17T T VvV VvV LT YN
YYYYYYYYYY

Nutrient levels should be minimal, although
few spikes are expected through the growing phase.
Salifert water chemistry kits provide reliable reading for nutrients
26 and pH/ alkalinity levels.

Best germination

and plant growth
have been in natural
(but filtered) seawater
at 32pptand at a
temperature of 15°C.

0.5m

The 0.5m SMT provides a base to plant seeds. To monitor the
germination success, Each SMT were planted with 100 seeds

and after 4 weeks if germination was not at the required level
then reseeded. Where seeds were collected had an influence on
germination rates. Seeds collected from open coastal regions

returned the highest germination rates.

(

Nutrient Ball Mix

B Dried Fish, Blood and Bone
Activated Charcoal
B Loam

B Fresh water

During the growing cycle the addition of nutrient balls should
be used to feed plants once they reach the seedling phase
(4-6weeks after planting). This can cause nutrient spikes in

water chemistry and require additional care for cleaning
epiphytic algae but if correct conditions are maintained
water chemistry will return to normal.

27
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Seagrass
Mat Technology

Translocation

Vs

T

S |

Translocating the The SMT is stacked A large team is required
cultivated plants from into cages for their to manage a lifting

the lab into the natural transport and enables vessel, a commercial
environment is a delicate 100 mats to be diving vessel and team.
process. To limit damage deployed in one day.

to the plants this should

be completed within

6 hours.

Each matt at 3m intervals

To provide known areas of coverage the SMT is deployed at regular intervals along pre determined
transect line. For this project spacings were 3m apart. The intention is not to provide total coverage,
instead to add islands of healthy plants that facilities vegetative regenerating.

28
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Seagrass
Mat Technology

The outcomes

SMT original layout

SMT findings after 6 months

When translocated from ex-situ to the restoration site the SMT
contain healthy adult plants. However, OCT dive team have observed
the movement of these plants off of the SMT and into the surrounding
area. Additionally, in situ rhizome and new seedlings have been
developed from these trans-locating process.

More monitoring and research is required to better understand

this phenomenon.

30 31
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Conclusion

For large scale restoration of subtidal Zostera marina the
methods of Hydro Marine Seeding (HMS) and Seed Mat
Technology (SMT) are recommended, as seed bags return
low germination rates.

« SMT enables the translocation of healthy adult plants -
which have been shown to vegetatively regenerate from
the SMT and produce a healthy seagrass bed - however,
the restoration coverage is limited; particularly when
compared to other methods in terms of time effort.

« HMS is a cost-efficient restoration method with
preliminary results indicating high germination rate.

« The use of two methods together, translocation of adult
plants and seed broadcast into the seedbank appears
to provide the highest chance of success. A stable
environment is created through sedimentation aided
by SMT. Seed broadcast enables larger areas to be
covered within the stable environment created by the SMT.

The method used needs to consider environmental
conditions. Open coastline or areas of high tidal flow
may not be suitable for the deposition of adult plants
onto the seabed. Under conditions of high seabed
currents using HMS would be recommended.

All results and outcomes can be found at
www.saveourseabed.co.uk

Further research and collaboration is required to better
understand how to improve restoration techniques and to
streamline legal and governance frameworks to facilitate
restoration efforts. However removal of pressures in
partnership with others must always be the primary
objective to maximise potential of restoration success.’
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Time Consideration for Restoration Effort Per Hectare

EU LIFE Recreation ReMEDIES | Best Practice Guide

Seed Bag Broadcast

Seagrass Mat Technology

Hydro Marine Seeding

No. of Seeds Time to Collect No. of Seeds Time to Collect No. of Seeds Time to Collect
6 Divers - 180 mins cumulative bottom
time at 10 metres per day. Own 600,000 2 Dive Days 120,000 0.5 Dive Days 100,000 0.3 Dive Days
organisations dive protocols must be
followed. Infrastructure Required
Seeding Planting 600 OCT'0’PUS'’s
Bags Required 20,000 Units Required Required Min x 6
Pre-Planting Preparation 60 Hours +
Time to Pack Bags 300 Hours Time to Seed Maintenance of Premix Suitable 3 Hours
Planting Units Plant Stock Media
Deployment 2 Days
Deployment / Planting Barge Dive Support 1 Day
Vessel
. ) . Deployment Barge 1 Day .
6 Divers - 180 mins cumulative bottom Dive Support 4 Days
time at 10 metres per day. Own Vessel Diver Days to
o . Persons to Deploy 4 1 Day
organisations dive protocols must Deploy
be followed. Diver Days to 4 Day
Deploy
Total Cumulative Days of Effort 56 Days 36 Days 6.5 Days

Repeats to Achieve 60% Coverage
Estimates from Learnings

x 3 Minimum Consecutive Years, Maturity ~5 Years

1 Minimum if 100% Successful, Maturity ~5

Years

x 3 Minimum Consecutive Years, Maturity ~5
Years

34
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