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Oyster habitats in USA
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How can we apply nature’s designs and solutions
|n human bwlt enwronments?

Coastal Keystone Habitats in NE:
‘Nature’s Nature is NOT Random’

Salt Marsh
Oyster reefs

Biomimicry approach in understandmg
and restoring the coastal systems together;
(Frankic et al, 2011)
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http://cdn.umb.edu/images/centers_institutes/greenbostonharbor/BI%20Frankic%20et%20al.pdf

FEEDBACK LOOPS

Water — energy —food nexus in coastal ecosystems design and engineering is based on
system’s collaboration not a competition: sediment transport, bioturbation,
hydrodynamic processes (nature of water), biodiversity (image source: Bouman et al, 2005)
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The goal is to emulate coastal systems’ processes, strategies, designs
and functions in human built environments. (Frankic et al, 2011)




We know what are the missing

Ecological Functions & Services:
‘creating conditions conducive to life’

Ecological Restoration activities
Functions & and Biomimicry:
Services : = ===
Nutrients/ ~ 21gN/m?%y ~1.0 — 2.0 gN/y/oyster oyster reefs & living
total nitrogen take shorelines, floating islands
Carbon ~210gC0,/m?%y 42% dry weight soft Oyster reefs,
Sequestration tissue; and Green cement, Recycled
& biomineralization 11% in shell mass (CaCO;) shells, salt marsh
Sediment accretion ~ 1.3 cm/y (vertical Bioturbation Oyster reefs,
and oxygenation accretion) Salt marshes, sea grasses
Water storage, 30-50 gallons/day Oyster Reefs,
Filtration, 1 acre = 1mill gallons Salt marshes sea grasses
Bioremediation, Coastal engineers ’ " 3

Data Source: Feagin et al. 2010; Shepard et al, 2011; Beck et al, 2011, Frankic et
al, 2011;Grabowski et al, 2012; Carmichael et al. 2012; Kellogg et al. 2013; Rose e T
et al. 2014; Ridge et al, 2017, = -

Supporting biological diversity and water-energy-food nexus.



BORN TO BE

Comparison of restoration efforts for

five coastal habitats in the United States:

Habitat Type Global Loss (%) Area Restored Restoration Cost
(hectare) ($1000/hectare)
Salt marsh 80 36,625 242
Seagrass 65 3946 1035
Oyster reef 85 69 260
Coral Reef 20 150 9267
Mangroves 50 1399 771

.. Modified from Source: Grabowski et al 2012.

For thousands of years humans have been
working with nature to produce sustainable food & seafood;

Seafood production depends on water quality,
and oysters are masters in filtering ~ 100liters/day/oyster!
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		Habitat Type



		Global Loss (%)

		Area Restored

(hectare)

		Restoration Cost

($1000/hectare)



		Salt marsh



		80

		36,625

		242



		Seagrass



		65

		3946

		1035



		Oyster reef



		85

		69

		260



		Coral Reef



		20

		150

		9267



		Mangroves



		50

		1399

		771





Modified from Source: Grabowski et al 2012.


Green Harbors Project®
With locally attuned

Biomimicry LivingLabs®

www.umb.edu/ghp

Vision & Mission: Making
urban harbors healthy,
wealthy and resilient, here
and now;

Locally applied science,

research and technology

solution based projects in .
collaboration with local e e S
communities, addressing e
their needs. o Li

ve Fish


http://www.umb.edu/ghp

The first oyster
restoration
in Boston Harbor

Googleearth
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Total ayster estimation:

Crassostrea virginica - 1361 (1615%)
Ostrea edulis - 2742 (3181%)

9 C. virginica - 26 (30%)

Lraluiscdd (G0 Q * Applied correction factor of 15%

** Applied correction factor of 25%

" Upscaled duta based on transect 5-6
C. virginica - 16 (18%) o -

0. edulis - 110 (127%) ; : Data collected on Wednesday November 20, 2014

C. virginica - 71 (81%) L " Stm 4 and Monday December 15, 2014

0. edulis - 708 (814%) D. Bertuna, D. Winders & 8. Sears
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Savin Hill Cove Biomimicry LivingLabs: urban

coastal restoration and adaptation ' Google earth

42°18'43 974N 71°0228.53" W elev. 0m) Eyealt 1.89km



Oyster reef and fringing salt marsh = living shorelines in urban harbors

After (our vision)
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12 meter

45 meter

- 4 o, &

Biomimicry LivingLabs, Savin Hill Cove, culvert area as restoration site
for ~250K of native oysters! Nature & built environment are

supporting cleaner water, biodiversity and shoreline protection;
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Free Open Online Course: Coasts & Communities Savin Hill Cove, [designing with nature

living shoreline
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http://media.umb.edu/sfecoasts

Fog Nets: making
water from air like
nature does
www.nbdnano.com
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~ Floating islands
~ with nature and

Honors C'olleg;ei?St'udents designed
floating classroom project: they want
to learn from and with nature!

KTUCKET 1ISLAND

YSTERS



http://www.nbdnano.com

Wellfleet
arbor, Cape Cod

2927 m
| | |
mageny Date: 3/11/2012

' Oyster Restoration project sites to establish shellfish
Sanctuaries as No Take Zones throughout the Harbor

https://www.umb.edu/uploads/File/gbhp/FRANKICCataldo.pdf


https://www.umb.edu/uploads/File/gbhp/FRANKICCataldo.pdf

Oyster reef restoration project in
Wellfleet Harbor (15.6sq mi/40.5km?2)

The Facts:

In Spring 1877, a Wellfleet schooner in 5
| 7 Y - ey ¢ S trips in one day landed 16,254 bushels of
E— ' = b & e, T2 oysters (Ernest Ingersoll, 1881);

b ot If 1 bushel ~ 100 oysters = 1.6 mill
Source: billionoysterproje, oysters/schooner/DAY
www.vims.edu;

Present oyster harvest in the Harbor ~
7.8 mill oysters/YEAR (1.2 from
commercial harvest, the rest from
aquaculture)

Luntz (1960), estimated that 5,895
oysters, the equivalent of 45 bushels
(130/bushel), occurred within a single
square yard of a natural oyster reef.



GLOBAL CONDITION OF OYSTER REEFS
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Reaef Condition

. Functionally
Extinct

How much oyster population and oyster species used to thrive
in coastal systems? Did we loose 85%? 90%? How long can

oysters live?

(‘The unnatural history of the sea’ by Collum Roberts)
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Oyster reef restoration,
Wellfleet Harbor

Oysters | : a
Do we make o

e




Recycling shells and placing cultch for
naturally occurring oyster spats to settle
on at the 2 acres oyster restoration site in
Wellfleet Harbor, now spread throughout
the Cape Cod area;

Applying Green Cement
materials would be the next
step in restoring our urban
harbors (e.g. BluePlanet Ltd.)




Oyster habitat restoration in Duck/Mayo
Wellfleet Harbor, Images: A. Frankic

On 2 acres, in 3 seasons, established
population of ~ 6 mill oysters!




Results: Increased biological diversity supported by the
restored oyster reef; improved water quality by 70% (sink of
nutrients)

Dozens of terrapin turtles (endangered species) at the project
site; one of the reasons why (we believe) there were no
oyster drill snail predation;

- == 1 = ’ I.-'— proen il Bl -
e 'f"ﬂq_ b e e . e - e = = -_remﬂhm"‘;ﬂ' -— o M‘L—' "'"""

e ——— . - St -— . - -




Monitoring Results 2011-15 Total Nitrogen (uM [mg/L])

£ [0.38-0 80] - Fair

Nutrients
(Nitrogen) Sink at
the 2 acres oyster
restoration project

Source: Amy Costa and Anamarija Frankic (PI) (Frankic et al, 2015)




Oyster reefs can grow up to 10 cm/year; (Collaboration with Env. Studio @ UC Berkley, CA

OYSTER REEF RESTORATION - WELLFLEET HARBOR, MA

PRESENT 3 WELLFLEET, MASSBACHUSETTS - PRESBENT

THE CDASTAL TOWN OF WELLFLEET, MABSACHUBETTS, WAS HISTORICALLY HOME TO A MARINE BYSTEM
RICH WITH DYSTER REEFS. IN THE 1800’8, THERE WERE RECORDED HARVESTS DF NEARLY 1.5 MILLION
OYSTERS PER DAY, WHILE PRESENT DAY FIBURES ARE A MERE FRACTION OF WHAT THEY ONCE WERE
WITH APPROXIMATELY 8IX MILLION OYBTERS8 CURRENTLY BEING HARVESTED EACH YEAR.

TRANSECT OF PROPOSED RESTORATION AREA

THIS 18 A PROPOSAL TO IMPLEMENT OYSTER REEF RESTORATION THROUGHOUT WELLFLEET HARBOR
AND THE S8URROUNDING BAY IN AN EFFORT T0 IMPROVE WATER QUALITY BY REDUGING
PHYTOPLANKTON COUNTS, REDUGING NITROBEN LEVELS, AND PROVIDING HABITAT FOR DTHER MARINE
BPECIES. IF IMPLEMENTED BTRATEGICALLY, OYSTER REEFS CAN AL80 PROVIDE A8 A WAVE BREAK
T0 MITIGATED SHORELINE EROSION. THE TOP MAP (FIB 4) SHOWS THE CURRENTLY
DESIBNATED AREAS FOR PUBLIC SHELLFISHING AND AQUACULTURE GRANTS, THE BOTTOM MAP (FIG 5)
BHOWS THE PROPDSED EXTENT OF RESTORATION FOR NO TAKE OYSTER REEFS. THE REEFS ARE
ESTIMATED TO GROW TO A HEIGHT OF FOUR FEET WITHIN FIVE YEARS (FIB 2) AND TO A DENSITY OF
10,000 DYSTERS/M® (FRANKIG ET AL).

THE PROPOSED AREA MEASURED TO 256 ACRES IN BIZE, WHICH WOULD YIELD APPROXIMATELY ¢
10,300,000,000 OYSTERS. BASED ON A WATER FILTRATION RATE OF 55 L PER OYSTER PER _m""’-"i:
DAY (PIETROS ET AL), AN OYSTER REEF OF THI8 BizE couLb FILTER 570 BILLION GALLONS

PER DAY OR ENOUGH WATER TO FILL B63,965 OLYMPIC BIZED SWIMMING PODLS. FIGURE 2

PROPOSED OYSTER BED RESTORATION

AREA OF PROPOSED REEF: 11,189,873 FT
= 356 ADRES

OYSTER DENSITY: @ 10,000 OYSTERS / M*
= 10.3 BILLION OYSTERS (10.3 X 10'%)

WATER FILTRATION: @ 851/ INDIVIDUAL/ DAY
= 570 BILLION BALLONE/ DAY (8.7 X 10'")

= 563,065 OLYMPIO BWIMMING POOLS/DAY

BOURGCES:

- PIETROS, JENNIFER. “THE IMPAQTS OF ON WATER OOLUMN AND 220 (3003 ) 407 - 433 IAN K. MCRAE
= FRANKID, ANAMARIJA. “OYBTER REEF RESTDRATION PROJEGT DUOK AND MAYD OREEKS, WELLFLEET HARBOR.” UNIVERSITY OF MASSACHUSETS, BOSTON (2018) LA 201A - ECOLOBGICAL URBAN DESIGN
- REYNOLDS, ANNE. "SHELLFISH ZONE MAP - BRANT AND PUBLID AREAS.” GAPE OODE GOMMISSION ( MORIS, MA DZM 2/4/18) UNIVERSITY OF CALIFORNIA BERKELEY




The existing shellfish suitability area i
' . 5‘ 1,700 acres (Division of Marine Fisheries:
, vw Shellflsh Suitability Area). Assuming 4,900
. oysters per square'meter (Luntz, 1960) -
3. the poetential total oyster population
. would be 34 billion.

Opyster suitable sites TN

- Saltmarsh - " Creatad b-ylll‘y'lartina McPherson
; Data source: MORIS, MA CZM
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Proposed
Next Steps

I

Shellfish aquaculture and
commercial fishing are
supported by oyster habitat
restoration!

Holistic approach for
resilient estuary;

[: Proposed oyster sancluaries
Cultch placed for enhancement

Oyster suilable sites (as determined by stale)

Y )

Bowres! Bad, DigRakeink+, FaaBys; b =HE '.'1‘..- 2 I'l..,} BH8. ALS 9 :.'bl..';;:pln‘], Adpgrll; 1N, 17,




The fact is that we all need oysters, but oysters need our help,

As we all depend on resilent oceans,
and conditions concucive to life

How can WOS through the work of
its Chapters and members help
promote oyster restoration and gain
support from aquaculture industry,
so that together we can lobby policy
makers to fund and accelerate the
oyster restoration efforts. Time is of
the essence...



‘Spiral economy’
' locally attuned and adaptive
collaboration

3 Network of Biomimetic LivingLabs®
‘Adopt a student for a green job’

THANK YOU
OYSTERS!
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