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The Humber

◼ 2nd largest coastal plain estuary
◼ Largest on the east coast
◼ Drains a catchment of 24k km2

 

Harry Appleyard



Important for nature
◼ Wintering and breeding birds, 
grey seals, migrating fishes

◼ EMS, SPA, SAC, RAMSAR, SSSI, 
Heritage Coast, NNR

Societal value
◼ Largest port complex

◼ 40,000 ship movements/year

◼ 14% of international trade (UK)

◼ Historic trade, fisheries and defence



Spurn Point

David Nichols

◼ North bank
◼ NNR | SAC |SPA | RAMSAR | SSSI 
◼ 3-mile-long peninsula
◼ Dune system
◼ Seagrass meadow
◼ Saltmarsh



Horseshoe Point

◼ South Bank

◼ Lincolnshire Wildlife Trust

◼ Historical seagrass 

◼ Anecdotal evidence of 
oysters



Scaling-up

• 5-year demonstrators at Spurn Point & 
Horseshoe Point

• Return 500,000 native oysters 

• Restoring 4 ha of dwarf eelgrass

• Enriching 2 ha of impoverished saltmarsh 

• Repairing 0.25 ha sand dune 



Seagrass



Wilder Humber
In 1936, Graham Philip identified and mapped an extensive Zostera noltei bed spanning roughly 500 hectares at Spurn



Seagrass Restoration 
Area Planted 

(Acres)

Area Planted 

(Hectares)

Seeds planted

Autumn 2021 - Spring 

2022

5.0 2.0 50,000

Autumn 2022 3.3 1.3 33,000

Spring 2023 9.7 (4.85) 3.9 48,500

Autumn 2023 4.7 1.9 47,000

Spring 2024 4.9 1.98 98,000

Autumn 2024 5 2 50,000

Spring 2025 5 2 100,000

Andy Jayes



Seagrass Restoration
 
◼ Animated GIF of presence since 2013

o Green squares represent presence within a 10x10m grid

o Presence =/= coverage

◼ Starts with sparse and disconnected

◼ Ends larger extent and more connected

◼ Caveat of inconsistent effort over time



Seagrass Restoration
 

DIS - Dispenser injection seeding

Ravioli & Potti putki Transplant cores



Spurn Results:
Seagrass Marine

◼  Abundance differs across test areas

◼  Control had lowest

◼  Highest seen in the restoration area

Mean abundance bar graphs with standard error of marine species 
per treatment group (Control, Restoration and Seagrass) during 
seine net surveys. Error bars are ± standard error (SE). 



Spurn Results:
Seagrass Marine

❑ Difference in community structure across 
treatments (PERMANOVA)

❑ Distinct cluster of the Control group

❑ Almost no overlap with 
Seagrass/Restoration

❑ Seagrass and Restoration show 
considerable overlap

❑ Clear difference between Control and 
other treatments

Non-metric Multidimensional Scaling (NMDS) plot for marine 
species communities surveyed during seine netting at Spurn 
NNR. Coloured dots and polygons represent estimated 
community structures per treatment group



Oysters



Oyster back in the Humber

❑No native oysters left in the Humber

❑In 2019 YWT added them into the 
Humber at our trestle system to 
monitor their ability to cope within 
its waters.

❑Currently have a stock of 2500 adults



Remote Setting

www.wilderhumber.org.uk

❑ Settlement rate of 18% (±4.3%)

❑ Spat survival on rock substrates (35% ±8.7%); 
shell (28% ±7.5%) after six weeks

❑ Feasibility of alternative methods and substrates

http://www.wilderhumber.org.uk/


The next step
Greedy Gut Intertidal Experiment
❑ Testing of restoration methods for native oyster 

in intertidal space

❑ Cost benefit evaluation

❑ Baseline complete; deployment currently 
underway

❑ Monitoring collaboration with University of 
Southampton PhD Researcher



Saltmarsh



Sea View Farm Seed Bank & Plant 
Nursery almost complete
• Final fit out is ongoing 

• Seed banking in discussion with Kew Millennium 
Seed Bank to meet local, national and global need

• The plan is to utilise this facility to help increase 
diversity within Humber Saltmarshes

• Couch turf cutting trials at Horseshoe Point with 
natural grazing comparator on The Wash



Sand Dunes



Sand dune management

Enhancing Biodiversity: Hebridean sheep and Highland cattle 

graze competitive grasses, lowering soil nutrients and promoting 

wildflower diversity.

•Creating Habitat: Grazing creates warm, bare ground ideal for 
invertebrates, reptiles, and ground-nesting birds like skylark and 

meadow pipit.

•Successful Restoration: Bee orchids, absent for 30 years, 

have returned—21 found in 2024 on the reserve’s chalk 
meadow.

•Climate Indicator: The orchid’s return reflects both habitat 

management and broader landscape changes linked to climate 

shifts.



Thank you





• Result of extensive site 

selection process

• 148ha of low-lying land, almost 

all below the level of Highest 

Astronomical Tide 

• A new nature reserve and a hub 

for future saltmarsh research 

across the river from Slimbridge











• 8 months of detailed discussions 

with landowners

• Face to face engagement events from 

September 2024

• Formal and informal events, walks on site 

with WWT staff

• Personal, one-to-one conversations

• Establishing a newsletter, Facebook page 

and website hub



1. Start with people – survivable 

communities into the future.

2. A nature restoration route through 

planning and consenting.

3. SMPs - statutory documents 

reflected in local plan and comms 

campaign needed.

4. Incentives to bring coastal land at 

risk to market and/or for landowners 

to embrace change now.



saltmarshsolutions@wwt.org.uk 

mailto:saltmarshsolutions@wwt.org.uk


Jon Dickson

Who lives in a pear tree under the sea?
Sunken wood as a missing coastal ecosystem

ReMeMaRe 2025



My past life – 
forest fire fighting & “bush engineering”
• Helipads (and other) need to stay structurally sound 

despite shifting heavy loads/stress
• Built with potentially sub-optimal material, conditions
• No “one-size-fits-all” approach – each tree is different
• Knowledge applied to marine restoration and tree-reefs



Tree-reefs: why?



The Role of Wood: 
From River to Deep Sea















Damming the Wood Falls - Wohl & Iskin (2021)

Historical wood export: rivers to sea

• Pre-landscape domestication, 
rivers exported vast quantities 
of driftwood to sea

    
• In the present day, rivers export      

5 000 000m3 less than in historic 
times

• Significantly less hard substrate 
for seaweeds, shellfish, and fish

 



Historical wood export: rivers 
to sea, UK edition

River Basin Wood m3 exported 
annually

Severn 4200

Humber 6400

Thames 4600

Tay 2900

• ~18 000m3 annually*
• About 7 Olympic swimming pools
• *Wood <3m long is not considered

    



Washington, USA Fiordlands, New Zealand

Westfjords, IcelandBritish Columbia, Canada



What are tree-reefs?



• Mimic of historically present substrate 
• Natural, biodegradable material
• Readily available waste product
• Low/no carbon in construction material
• High levels of complexity
• Re-establish land-sea nutrient and 

structure input

What are tree-reefs?



Trap fishing shows that at reef sites fish are 
6x more abundant, 10% larger in size, and 7x more biodiverse

Within 2.5 years of deployment of tree-reefs: 



• Sonar finds 215 – 359% 
greater fish abundance at reef 
sites across three size classes 
of fish.

Within 2.5 years of deployment of tree-reefs: 



“Natural” reefs and overpopulation of predators

• Subtidal oyster reef monitoring, Wadden Sea (~ 50x30m)

• Huge predation pressure on young shellfish establishment



Tree-reefs, fish, and predators

• Tree-reefs mimic historic 3D substrate

• Historic flat oyster reefs = up to 7m tall*

• More physical niches for fish and shellfish *Thurstan et al. 2024



Crab catch: 2022 vs 2024
• Crab catch 77% less at reef sites in 2024

• Seascape of fear and direct predation effects 
created by reef-fish

• Crabs eat young shellfish

• Too many predators prevents reef from 
establishing or growing

• This process also occurs with ‘pests’ and seaweeds 

• i.e., urchins, sea otters, and kelp



Crab catch: 2022 vs 2024

Sepia officinalis (cuttlefish) eggs



Re-establishment of top-down control

• Takes time for predators to become established
• e.g., cod take >1 year to colonize wind turbine scour 

protection

Long term monitoring of no-take 
artificial reef in Sweden (Krafvelin et 
al., 2023



Tree-reefs:

• Attract, and then produce fish; 
mesopredators control ‘pests’ to 
allow regeneration of kelp and 
shellfish

• Provide elevated, safe(r) substrate 
for shellfish

• Transition from woody structure to 
long term shellfish reef

• Are cost-effective to scale in a 
meaningful way

Take-home messages



Scale in a meaningful way

Historic flat oyster distribution, 
adapted from Thurstan et al., 2024

• Median area 30ha

• Median length 4km

• Approximately 1.75m ha in 
UK//IrelandFrance/Denmark 
alone

• To achieve historic ecosystem 
benefits, need to work at a 
serious scale that can produce 
spillover at a basin-wide level



Time Magazine, 1948

“…when the floodwaters 
receded, instead of fruit in the 
branches of the dead trees, 
there were mussels…”

Walcheren, Zeeland, 1946



info@marinetrees.com

Jon.Dickson@nioz.nl

Questions?

mailto:info@marinetrees.com


Urchins

Seaweeds

No-take areas as an effective tool to 
restore urchin barrens on subtropical 
rocky reefs – Sangil et al., 2012

• Biomass of predators (g) per 100m2

• Urchins vs seaweeds





Lessons learnt from a 
large-scale seagrass 

restoration project in north 
Wales: 

Oliver Thomas, Bridget Patterson, Conor Laing, Emily Yates, 

Stjin Den Haan, Richard K.F. Unsworth

ollie@projectseagrass.org

mailto:ollie@projectseagrass.org


To lead societal change to enable the 
recognition, recovery, and resilience of 
seagrass ecosystems globally; that provide 
biodiversity, equitable and sustainable 
livelihoods, and planetary life support.

Who are we ?

Vision

Mission

A world in which seagrass meadows are 
thriving, abundant, and well managed for 
people and planet.



To Restore seagrass over an area of 10ha in 
NW over four years.

Then five years further monitoring after 
restoration.

Aim

The Project



Where?

Donor meadow



Site Selection



Timeline 

Seed 

Harvest

Seed 

Harvest

Spring Summer 

Monitorin

g 
Planting 

Autumn 

Seed 

Harvest

Spring Summer 

Monitorin

g 
Planting 

Autumn Summer 

2022 2023 2024 

Llyn

Holyhead 

bay

Llyn

Llyn Planting: Failure Llyn Planting: Success 

Holyhead bay planting: Success 



Methods

320 seeds/m2

Around 700,000 seeds planted in total 

Dispenser injection seeding (DIS)Total area planted: 2238 m2 

Seeding Machine (The Field Work Company)

Buried Hessian Bags 

Nursery grown transplants

48000 further Seeds planted at Holyhead
Total area planted: 150m2

Llyn

Holyhead bay



Llyn: CYD Llyn: PYC

April 2024



Llyn: CYD Llyn: PYC

Sept 2024



Heatwave
Reduced 

Salinity 
Storms

Increased stress and mortality Physical scour and 

dislodgment  

So what happened?  



Abiotic Data  



Results 









Take home 
message 

• For restoration: The 
importance of sharing 
failure as well as success.  

• Sharing risk across 
multiple sites minimizes 
chances of project failure.

• Identify suitable sites 
using long term abiotic 
and biotic trends.  





Success of Biosecurity 
in the Translocation of 
Oysters (Ostrea edulis) 
For Restoration

Gurjameer Ramday1, Naomi Kennon1, Tahirah Jafaar², Mark G. J. Hartl1, Rebecca 
MacPherson1, Colin Moore1, Callum Mcdevitt1 & William Sanderson1

1EGIS, School of Energy, Geoscience, Infrastructure and Society, Heriot-Watt 
University, UK. 

²University Malaysia Terengganu, Malaysia



• Glenmorangie, Heriot-Watt 
University & Marine Conservation 
Society

• Aim: To establish a self-sustainable 
oyster reef by 2030

• Total deployed: 112,583

The Project



• The Loch Ryan Oyster Fishery Company Ltd, the last 
remaining wild fishery for native oysters in Scotland, 
in operation since 1701. 

• Maorach Baeg in Little Loch Broom

• Seawilding in Loch Craigneish

• Islay Oysters in Loch Gruinart

Supply Chain

Not a straightforward translocation, 

BIOSECURITY!!



Biosecurity
• Prevents spread of Invasive Non-

Native Species (INNS)

• Threaten biodiversity and/or 
cause economic damage

• Annual cost of ~£39.8 million

• Prevents spread of disease

• Can cause up to 80% 
mortality!



Biosecurity Process

Developed by DEEP:



Biosecurity Process



Biosecurity Process



Biosecurity Process



Biosecurity Process



Biosecurity Process



Evaluating Success: 
Epibiota on Shell

• 300 oysters translocated from Loch Ryan to 
Dornoch

• 30 oysters sampled from both sites 2 years 
later and measured for:

• Growth Since Deployment

• Epibiota on shell to species level

• Particular attention given to INNS



Evaluating Success: Epifauna Box Core

Box Cores

• 25cmx25cm box cores

• Top shell sediment collected & 
identified in lab by experienced 
taxonomists

• Surface layer identified in-situ 
(with video to support)



Underwater Visual Census 
(UVC)

• 2m wide swath over 25m Transect

• Quality assurance is key

• Loch Ryan sites planned for best 
spatial coverage across habitats

• Dornoch sites directed toward 
potential oyster habitat similar to 
Loch Ryan

• If biosecurity was unsuccessful this 
is where INNS would be expected 
to colonise

Evaluating Success: Epifauna UVC 



Sargassum muticum

Results: INNS in Loch Ryan

Austrominius modestusMonocorophium sextonae

Styela clava Antithamnionella spirographidis Dasysiphonia japonica



Results: Shell Epibiota

MDS Bubble plot of P/A data from epibiota on oyster 
shells originating from Loch Ryan and 2 years after 
deployment at Dornoch restoration site. Bubbles 

illustrate number of INNS.



NBN Atlas, Map data © 
OpenStreetMap, imagery © 
CartoDB

Results: Box Cores

Austrominius modestus

MDS Bubble plot of P/A data from epifauna within a 25x25cm box 
core originating from Loch Ryan and Dornoch restoration site. 

Bubbles illustrate number of INNS.



Results: UVC

MDS Bubble plot of P/A data from epifauna within 25x2m UVC 
transects from Loch Ryan and Dornoch restoration site. 

Bubbles illustrate number of INNS.



Survival Data (3 years)

• Survival “strings” pinned to seabed

• Revisited and recorded annually

• 1st year survival – 56% 

• 2nd year survival – 68%

• 3rd year survival – 91%!

• 33% survived into young adults (5y/o)
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Deployment Summary
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Conclusions
• Scalability of restoration possible 

w/o compromising biosecurity

• >100k oysters translocated with 
no transfer of INNS

• Monitoring is a key component 
of any restoration project

• Survivability study provides a 
metric which monitors long term 
success



Thanks!



Settlement 
Experiment

• 10 Gabions Deployed 14/07/24

• Mix of cultch & live oysters

• Built so that divers can check trays for spat

• Always on the lookout!

Other DEEP updates:



Strings Data 
(1st Year)

• 3-month survival – 68%

• 1st year survival – 56%

0

10

20

30

40

50

60

70

80

90

100

Initial 3 Months Year 1

To
ta

l %
 s

ur
vi

ve
d 



Biodiversity 
Monitoring Baseline

• 25 UVC Transects

• Established baseline data on 
sentinel sites

• Annual variation expected (heat 
wave of ‘23?)
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S(total) = 79
S(M14E) = 6
S(NK1) = 44



Loggers

• 2023 hotter with more 
variation (SD), also colder 
in Nov

• 2024 relatively cold
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