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The Solent
• A 32 km strait 
• One of the busiest  waterways 

• 79,000 ships
• 1.2 million containers 
• 170 cruise ship
• 32 million tonnes of crude 
• 42 000 businesses 

• 1.2 million people 
• National trade and defence 

asset
• Eutrophic due to nutrient 

inputs 
• High levels exploitation and 

coastal habitat loss Designated marine and intertidal conservation sites within the SEMS (as of January 
2020) (Watson et al., 2020)
Mapped extent of biotopes (EUNIS Level 3 or greater) within the SEMS, showing 
Portsmouth Harbour as an example in more detail. (Watson et al., 2020)



2021 SIFCA survey:
0.98 Oysters/Tow (1.4m ladder dredge – 2 mins)
Ave CPUE 2.41 kg/m/hr

Ostrea edulis landings (Solent) 1990 - 2014
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The Solent native oyster 

fishery was closed in 
2013.

• Low seabed density
• Skewed sex ratio 5:1
• Bonamia prevalence
• Long history of active 

fishery
• Lack of recovery despite 

closure

Recently produced ≈ 10th of 
UK landings



Ecological decline and phase shifts

Montefalcone et al (2015) 
https://doi.org/10.1016/j.ecss.2014.12.001

1° cause of decline = OVERFISHING
2° cause of decline = hypoxia, anoxia, disease 

Removal of habitat and ecosystem services it provides

Jackson et al (2001) 



The Sliding baseline

• People’s understanding of the native 
oyster has changed with time since 
the widespread loss of the habitat and 
associated fishery. 

• Important to establish a ecologically valid reference 
ecosystem

• Over-exploitation main driver

• Compounded by longevity of species 

• Life history - sporadic reproducer

• Harvest has repeatedly exceeded production* 

• Exploitation destroys native oyster bed biotope and 
associated complex community structure

• Disease prevalence in context of genetic bottleneck
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Preston	J.	et	al	(2020).	European	Native	
Oyster	Habitat	Restoration	Handbook.	The	
Zoological	Society	of	London,,	UK.	ISBN:	
978-0-900881-80-0.

Restoration ecology is the scientific study supporting the practice of Ecological Restoration, - the 
practice of renewing and restoring degraded, damaged, or destroyed ecosystems and habitats in the environment by 
active human interruption and action.



1998 -2017
441% increase in 
Crepidula fornicata
density

Seabed 
baseline survey

© Marlin.ac.uk

Baseline seabed surveys 



1998
O. edulis

Baseline seabed surveys 

96% decrease O .edulis
density

Seabed 
baseline survey

1998 -2017

Helmer, L. D., Farrell, P., Hendy, I., Harding, S., 
Robertson, M., & Preston, J. (2019). Active 
management is required to turn the tide for 
depleted Ostrea edulis stocks from the effects 
of overfishing, disease and invasive species. 
PeerJ, 7,[e6431]. 

© S. Pouvreau



Larval densities (mean ± SE) of (a) O. edulis and (b) C. fornicata
within Langstone and Portsmouth harbours during 2016. 
Differences between data labels indicate significant differences 
(two-way ANOVA, P < 0.05)

(a) O. edulis 

(b) C. fornicata

(a) O. edulis 

(b) C. fornicata

Percentage of attachment substrata for  live Ostrea edulis n=700 (Top) 
Crepidula fornicata chains n= 932 (Bottom). Portsmouth, Langstone &  
Chichester Harbours. 



Substrate matters – Crepidula forniata vs Ostrea edulis
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Preston J, et al  (2020) Interactions of larval dynamics and substrate preference have ecological 
significance for benthic biodiversity and Ostrea edulis Linnaeus, 1758 in the presence of 
Crepidula fornicata. Journal of Aquatic Conservation: Marine and Freshwater Ecosystems. Special 
Issue Article. DOI: 10.1002/aqc.3446.

• Ecological niche left open by overfishing of  O. edulis occupied by C. 
fornicata

• C. fornicata substrate associated community significantly different
and less biodiverse

• Not an equivalent ecosystem engineer  - presence drives ecological 
phase shift by competitive larval exclusion and changes to benthos. 



Negative feedback loop & ecological exclusion

Helmer, L. D., Farrell, P., Hendy, I., Harding, S., Robertson, M., & Preston, J. (2019). Active management is required to turn the tide for depleted Ostrea edulis stocks 
from the effects of overfishing, disease and invasive species. PeerJ, 7,[e6431]. 





The collaborative project plans to use a combination of sites around the 
Solent as part of a coordinated strategy to restore the native oyster 
ecosystem and associated ecosystem and services. 

‘We can work together to achieve a 
shared goal and rebuild the once-
thriving Solent oyster beds.’
Rob Clark, Southern IFCA

Solent Oyster Restoration Project

2014 2015 2016 2017 2018 2019 2020 2021 2022

20,000 oysters
Suspended broodstock

cages 

20,000 oysters
Hamble seabed 

Estuary strings 
density 
experiment

25,000 oysters
Newtown seabed 

Restoration 
Hatchery build

Self sustaining 
oyster populations 

in the Solent

Elevated 
seabed cages

Pilot suspended 
broodstock cage trials

Management 
plan

Feasibility 
study

On-going & long term monitoring

Saltmarsh 
restoration

COVID

2021 & 22
Large scale seabed 

deployment
40,000 oysters

Seagrass 
restoration

Helmer, L. D., Farrell, P., Hendy, I., Harding, S., Robertson, M., & Preston, J. (2019). Active management is required to turn the tide for depleted Ostrea edulis stocks from the effects 
of overfishing, disease and invasive species. PeerJ, 7,[e6431]. 



Broodstock cage system:

• Suspended/Elevated (Sawusdee et al 
2015)

• High DO and food delivery
• Reduced predation

• Tingles
• Crabs
• Starfish

• No smothering
• Pseudofaeces

• Ease of access - monitoring
• Outreach
• Range of environmental variables
• Efficacy and limits of cage system
• Recommendations for maximum 

survival and reproduction, minimum 
disease

The wider Solent denoting the original fishery area used to collect 
broodstock (dashed and shaded area) and locations of the broodstock
nursery systems 

a b c

d e f
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Solent Broodstock Cages – SSGR model



BREEDING & 
FECUNDITY

FAVORABLE
SEX RATIO

LARVAL 
PUMP

ARTIFICIAL 
REEF 

STRUCTURE

BIODIVERSITY 

FILTRATION

RESTORATION AQUACULTURE 
BROODSTOCK CAGE

DISEASE
PUMP?

RESISTANCE 
SELECTION?

~900,000,000 larvae



Estuary wide seabed density trials
This study aimed to determine the most suitable density to re-seed Ostrea edulis in order to restore the native 
population, and the crucial habitat it forms, through large-scale re-seeding

• Growth
• Survival (juvenile  - 25mm length)
• Predation
• Gametogenesis
• Preservation for transcriptomics
• Disease
• Salinity profile



15m

40m

χ

Density (y) High – 10/m2 Medium -
5/m2

Low - 1/m2

Total No. oysters 6000 3000 600
Oysters per transect 2000 1000 200
Oysters per bushel/s 500 250 50
Bushels per (10m) 1 1 1

Oyster Beds & Biotope Impacts

AIM: To assess the impact re-seeding Ostrea edulis has on the existing 
biotope at 1 m-2 , 5 m-2 and 10 m-2 trial densities.

3 density boxes at 3 locations across an estuary

This includes analysis of:
• Benthic biodiversity and sediment characteristics
• Shell budget
• Translocation

Ø Grabs,
Ø Video quadrats
Ø Side scan sonar

Significant increase in biodiversity 
(Shannon Weiner H = 6.63, df = 1, p ≤ 0.01)

Site 3 identified as optimal for mortality

Mortality between 30 – 80% \
Relaying at high densities required to meet 
Ospar definition of reef 

Laying of cultch and heavier shell for 
settlement  required to prevent 
displacement 



2021 scale up! SITE SELECTION

Designations
SPA, SAC, RAMSAR, SSSI, MCZ…….

• Hamble trials paved way for HRA permissions and MMO licences for 
deployment of large scale reef in Langstone Harbour

• New Bye Law meant RESTORATION in a NO TAKE ZONE



2021 scale up! REEF DEPLOYMENT



2021 scale up! REEF DEPLOYMENT

• 20,000 oysters deployed November 2021
• Working towards building a self sustaining population
• Spat on shell from Hatchery will be added 2022



Video Surveys
Oyster density and reef 
location

Grab Surveys
Oyster density, particle size 
analysis and biodiversity

Oyster sampling
Assess disease status and 
prevalence 

2021 scale up! MONITORING 



Marine Restoration Ecology Research Group

Hatchery Manager: Monica Fabra PhD student
Staff & Interns: Fiona Woods, Dominic Parry, Fionn Watkins, 

Kristy Johnson, Gareth Price, Daniel Cross, Katarzyna Kot
PI: Dr Joanne Preston

Solent Oyster Restoration Hatchery



• Design and setup of broodstock room:
Feb 2021
• Built Production Room
• In-line water filtration system - cartridge 

filters (100, 50, 5, 1 micron)
• Two separate and independent flow-through 

water systems for:
- Experiments
- Production (broodstock conditioning)

EXPERIMENT SYSTEM:

Heater, 2 header tanks, 40 tanks (10L)

PRODUCTION SYSTEM:

Heater, 2 header tanks, 8 tanks (30L), 8 sieves

Build Timeline & System Overview 



March 2021
• Broodstock conditioning
• Algal Culture started

Apr 2021
• Built Larval Room
• RAS (Recirculating Aquaculture System): 

- protein skimmer,
- filter bags, 
- sand filter,
- biofilters, 
- cartridge filters,
- UV lamp

• 10 upwelling larval tanks

Build Timeline & System Overview 



Jul-Sep 2021

Water system: RAS
Feeding method: static (3 
hours/day) 

• 25 spawnings from 5 
different tanks

• About 11.5 millions 
larvae released

• Growth from 170 to 220 
micron size

• 100% larvae did not reach 
the settlement stage

May-Jun 2022

Water system: RAS
Feeding method: continuous 
(dosing pumps)

• 37 spawnings from all 
tanks

• About 56 million larvae 
released

• Growth from 170 to 220 
micron size

• 100% larvae did not reach 
the settlement stage

Jul 2022

Water system: Static
Feeding method: continuous 
Increased algal species

• 12 spawnings from 7 
different tanks

• About 9 million larvae 
released

• Growth from 170 to 270 
micron size

• 100% larvae did not reach 
the settlement stage

Aug-Sep 2022

Water system: FTS
Feeding method: continuous 
Increased algal species

• 9 spawnings from 4 
different tanks

• About 175 thousands 
larvae released

• Growth from 170 to 330 
micron size

• ∼50% larvae did reach the 
settlement stage

• Spat-on-shell production

Build Timeline & System Overview 



The Impact so far…..

130 +
SPECIES 

FOUND LIVING 
ON OYSTERS

106,000
NATIVE OYSTERS 

RESTORED 

5 BILLION
LITRES OF WATER 

FILTERED

2021
LARGE

SEABED OYSTER 
REEFS 

RESTORED

2 ACRES
OF NO-TAKE ZONE 

OYSTER BED1 BILLION +
LARVAE 

RELEASED 

12
RESTORATION 

SITES 1500
VOLUNTEERS & 

SCHOOL 
CHILDREN 



The benefits of restoring oyster reefs

o Ecosystem functions and services provided by European native oyster habitat (zu Ermgassen et 
al 2020) https://doi.org/10.1002/aqc.3410 **KEY KNOWLEDGE GAPS IN ES QUANTIFICIATION**

Preston J et al (2020). European Native Oyster Habitat Restoration Handbook. ISBN: 978-0-900881-80-0.

https://doi.org/10.1002/aqc.3410


Biodiversity research questions

• Characterisation of community associated with Ostrea edulis habitat à trophic web dynamics
• Understanding nursery and habitat function of Ostrea edulis reefs à commercial and conservation species
• Provide biodiversity targets for reference ecosystem for Ostrea edulis restoration projects
• Baseline for seascape approach - utilisation of coastal habitats by important fish
• Quantification of invertebrate and fish biomass and density  - provisioning services



• Aims



Aims: 
• Protect existing saltmarsh, seagrass, oyster (1,263ha, 650ha, 

1,761ha) & seabird nesting habitat from further degradation

• Actively restore 8ha of saltmarsh, 7ha of seagrass, 4ha of 
oysters and 10 breeding seabird nesting sites (Fig. 2). 

• Quantify the carbon, nitrate, biodiversity and fisheries benefit 
of restoring these habitats. 

• Development of blue carbon methodologies in the UK a scalable, 
sustainable model for investment in restoration. 

• Establish a replicable model for seascape protection and 
restoration through securing effective accreditation, regulation 
and licensing arrangements. 

Collectively, these aims contribute towards Sustainable 
Development Goals 11, 12, 13, 14, 15 and 17. 



Thank You!

Marine Restoration Ecology Lab
• Native oyster ecology and restoration
• Disease  and microbes in marine molluscs
• Impacts of invasive species
• Hatchery production research
• Seascape connectivity across coastal habitats
• Ecosystem services of coastal habitats



Trophic guilds  - biodiversity of O. edulis broodstock cages
Live Ostrea edulis support a highly biodiverse 
community with high complexity but 
consistent trophic structure:

Ø 131 species
Ø 11 phyla

Ø Primary producers
Ø Filter feeders
Ø Suspension feeders
Ø Detritivores
Ø Omnivores
Ø Carnivores

Ø Filter feeding organisms dominant at all 
locations

Ø Contribute > 50% of community
Ø Ominvores – 9.4 – 21.9% contribution
Ø Carnivores – 3- 6.4% total contribution

Paired t-test P ≥ 0.05 between trophic levels 
across all sites. 

Breakdown of proportion of organisms of the total population within
each of the trophic guilds at the five sample sites.



Mobile species and structure effect

Add mobile table from Erics work or list of fish/mobile 
species and pictures. 



A) Majority of macrofaunal diversity associated with live 
oysters (55%; n = 528) vs microreef (25%, n = 267) or 
empty (18%; n = 173) (contribution of macrofauna to 
substrata)

B) Community associated with oysters significantly more 
diverse (F4 = 2.19, p < 0.05) than that of microreef
and empty cages. (DIVERSE, Primer e)

C) Significant increase in abundance, diversity (H’) and 
species richness observed in oyster cage community 
at Wk 24 & Wk 37 compared with empty and 
microreef. (PERMANOVA pw test)

Frequency distribution of macrofauna communities

Biodiversity is driven by biogenic species not 3D complexity

Canonical analysis of principal coordinates (CAP) for the species 
associated with different treatments of in 2020 at SOL-1, with time 
condensed and a 95% standard error confidence ellipses around each 
treatment type.

• Community associated with live oysters significantly distinct 
(ANOSIM Global R: 1, p ≤ 0.01)



O. edulis demographic structure

• Significant ecological shift towards C. fornicata
dominance

• Habitat availability and substrate competition

• Larval interactions & competition

• Competitive exclusion possible

• Role of C. fornicata in disease transmission

• Remaining O. edulis population narrowing demographic 
structure

• Very limited recruitment
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