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Objective

Explore whether integrated 
oyster (Ostrea lurida) and 
eelgrass (Zostera marina) 
restoration enhances or harms 
the performance of each 
species and the ecosystem 
services they provide 
compared to isolated 
restoration of each species



How to build an oyster bed

ÅMimics natural oyster beds, with 
dead disarticulated shells forming 
ŀ άƭŜƎŀŎȅέ ōŀǎŜ ǳǇƻƴ ǿƘƛŎƘ ƭƛǾŜ 
oysters settle and consolidate the 
bed

ÅLong-term prospect? A tension 
between build-up of live oysters 
(recruitment, oyster growth) and 
ōǊŜŀƪŘƻǿƴ ƻŦ ŘŜŀŘ άƭŜƎŀŎȅέ ǎƘŜƭƭ  
(dissolution, fragmentation, 
migration, and sedimentation on 
dead shells)



Study site: Upper Newport Bay, California



Westcliff (WC)

Eelgrass only

Oysters only
Oysters

Eelgrass Image by 
N. Sadrpour

Control

110 m / 360 ft

20 m 8 m

Within-site Study Design 

ÅEelgrass beds restored in 2016 ς 8 years post-restoration data
ÅOyster beds restored in 2017 ς 6 years post-restoration data



Oyster Metrics Recruitment

Density

Growth

Biomass

Condition index

Gape width*

Heart Rate*

Percent Cover

Oyster Bed Metrics Area

Height*

Perimeter

Consolidation

Rugosity

Shell Percent Cover

Eelgrass Metrics Shoot density

Above-ground Biomass*

Below-ground Biomass*

Flowering shoot density

Leaf Morphometrics*

Blade growth

C and N content 

Eelgrass Bed Metrics Area*

Perimeter

Area-to-perimeter Ratio

Monitoring > 45 biological and physical metrics
--today only discussing target species density, areal extent

Non-target Species 
Metrics on both 
Restored Habitats

Filter feeder Biomass

Filter Feeder Condition 
Index

Filter Feeder Abundance

Epi- & Infaunal 
Invertebrate Abundance

Epi- & Infaunal 
Invertebrate Density

Epi- & Infaunal 
Invertebrate Richness, 
Diversity

Bird Use

Fish Use

Physical Metrics Current Speed*

Salinity

Temperature

pH*

Dissolved O2

Chl a*

Turbidity*

Sediment Grain Size

Human Use Metrics Presence

Activity Type

Trampling

Boat Wake Frequency

Boat Wake Intensity

Elevation metrics Sediment 
Deposition/Erosion

Upshore Changes in 
Elevation*

= metric expected to affect 
shoreline resiliency

Bold* = metric added to monitoring



Year
2017 2018 2019 2020 2021 2022 2023 2024

0

50

100

150

Treatment

Control

Eelgrass

Oyster

Oyster/Eelgrass

Error bars = ±1 SE

Post-restoration: eelgrass density has ranged from
 3 to 8 X greater than pre-restoration densities
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Study site: Upper Newport Bay, California
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Eelgrass areal extent is 22 times greater than targeted (and growing)!

ND
= target area

NDND



Eelgrass areal extent is 22 times greater than targeted (and growing)!

20212024 2017



ÅGreat success restoring eelgrass in terms of density and 
areal extent

ÅMinor to no effects of co-restoration on eelgrass density, no 
effect on eelgrass areal extent

ÅLarge among-site variation

Summary: Eelgrass Restoration
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Error bars = ±1 SE

Post-restoration oyster density up to 25 X greater than pre-restoration; 
declined substantially in 2020 ς 2 X greater in 2023
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Bed integrity and shell cover declined across sites and shell 
ƳƛƎǊŀǘŜŘ ǎƘƻǊŜǿŀǊŘΧ

May 2020April/May 2017 May 2022



Dec 2020Dec 2020 May 2022

ΧŜȄŎŜǇǘ Shellmaker

April 2025



Shell cover predicts oyster density ς 2016-2021
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Trajectories of shell bed breakdown varied markedly across sites
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Why has bed integrity varied so markedly among sites?



Sites with lowest bed integrity (PCH and Westcliff) had 
highest visitation and larger boat wakes

Visitation

Valerie Goodwin



Take-homes

ÅOverall good success with restoring target 
species in terms of density, abundance and 
areal extent

ÅGenerally no effect of co-restoration for 
density, abundance of target species

ÅRemarkable site-to-site differences in bed 
integrity and target species densities

ÅLoss of oyster bed integrity likely due to 
trampling and boat wake impacts ς location is 
everything!

ÅFuture directions: study shell degradation via 
dissolution and fragmentation



Questions?
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Objectives: 
Å Expand and extend monitoring 

timeline for Upper Newport Bay 
Living Shorelines Project to 
determine restoration trajectory 
of oyster and eelgrass beds, with 
regard to shoreline resiliency, 
habitat creation and trophic 
support

Å Determine which metrics are 
most cost effective and accurate 
indicators of functional 
restoration outcomes

Development of Cost-effective Metrics for Living Shorelines



5 most numerically abundant filter feeders

Musculista senhousia

Modiolus sp.

Crucibulum spinosum

Ostrea lurida 

Mytilus galloprovincialis 

Slides modified from slide by Kaysha Kenney And Ari Sanchez



Error bars = ±1 SE

Post-restoration: filter feeder density stable; 
2.4 to 5 X greater than pre-restoration densities
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**Because oyster densities were relatively high even on degraded beds, we did not 
want to dump new shell onto existing beds**

άbŜǿέ ōŜŘ ŎƻƴǎǘǊǳŎǘƛƻƴΥ WǳƴŜ нлмф



-0.50 ft

Shore

1	m	buffer -0.50 ft

4	m	bed	length

0.0 ft

ÅPCH example shown above 
Å2 tidal elevations to test effects of elevation on bed longevity
ÅEstablished new mini-controls at unrepresented tidal elevation
ÅάbŜǿέ ōŜŘǎ ǿŜǊŜ ǎƘŜƭƭ ǿǊŀǇǇŜŘ ƛƴ ŎƻƛǊ άǘƻǊǘƛƭƭŀέ
ÅSHIFT IN FOCUS TO BED RESILENCY

Added two 4 m X 1m oyster beds to each site 
= 32 m2  new oyster beds



Monitoring bed resiliency allows accurate estimates of 
building and maintenance cost

PCH oyster bed
6 mo. post-construction

ÅPhoto plots 
every ~6 mo.
ÅTwice-yearly 

% cover, bed 
height, and 
dimensions

Shellmaker oyster bed 
24 mo. post-construction



Coir Integrity varied by site on new beds after 1.5 yrs.

DeAnza      Shellmaker       PCH                             



ÅAerial photogrammetry

ÅMarker horizons 

ÅSediment pins 

ÅSediment plates

ÅSediment cores

ÅPeriodontal probes

Multiple tools to measure sedimentation onto and 
upshore of beds plus changes in shoreline elevation


