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Positive interactions between suspension-feeding
bivalves and seagrass — a facultative mutualism

Bradley J. Peterson'*, Kenneth L. Heck Jr’
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Biodeposition of
Feces and
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Increased Porewater Nutrients
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How do suspension feeding bivalves
facilitate light to eelgrass?

MARINE ECOLOGY PROGRESS SERIES

Mar Ecol Prog Ser Published April 7

Facilitation of seagrass Zostera marina productivity
by suspension-feeding bivalves

Charles C. Wall®, Bradley J. Peterson, Christopher J. Gobler

School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, New York 11794-5000, USA




South Shore Estuaries in Long Island, NY
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Hard clams: A lost source of natural filtration

Time to filter GSB:

1976: 3 days
2024: > 3 months

Annual Hard Clam Harvest from Great South Bay
Data from NYS DEC
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Tank without clams Tank with clams:
Brown tide densities > 105 Brown tide densities < 10"4
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Can hard clams enhance light availability?
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Eelgrass growth vs. Light Attenuation
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EStimateditumeVeERUIMmES; Usingmean indnidusal
CleanancCe rates; nUMPErRGiiindividuals; and tankevelume:

Species Densities Used Turnover
Times
Hard Clams 14 individ. m2 4.5 days
(Quahogs) 29 individ. m- 2.2 days
Mercenaria mercenaria 57 individ. m2 1.1 days
Eastern Oysters 4 individ. m- 2.5 days
Crassostrea virginica 7 individ. m2 1.3 days
14 individ. m-2 0.6 days
Blue Mussels 57 individ. m-2 14.5 days
Mytilus edulis 229 individ. m-2 3.6 days

o Current density of hard clams in Great South Bay: 0.5-2 individ. m>
Historical density: 53-105'individ. m*(Cerrato et al., 2004)

e Current density of oysters in Chesapeake Bay: 0.43/individ. m*? Historical

density: 43-150 individ. m* (Newell & Koch, 2004)



How do suspension feeding bivalves
facilitate nutrient availability to
eelgrass?

Vol. 369: 51-62, 2008 MARINE ECOLOGY PROGRESS SERIES
doi: 10.3354/meps07593 Mar Ecol Prog Ser

Resource-resiricted growth of eelgrass in New York

estuaries: light limitation, and alleviation of nutrient
stress by hard clams

John Carroll*, Christopher J. Gobler, Bradley J. Peterson

School of Marine and Atmospheric Sciences, Stony Brook University, 239 Montauk Hwy, Southampton, New York 11968, USA




Fertilization Experiment
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Fertilization Experiment

Can this
enhancement of
nutrient availability
Impact eelgrasses
response to light
limitation?




Low
Light Availability
to the Benthos

Feces and
Pseudofeces

Carroll et al. 2008 MEPS 369:51-63
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Predation

Competition

Abiotic
stress
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What effect does
nutrient enrichment
have on reproductive
shoots?

Jackson et al. 2017 JEMBE 489:1-6




Acropetal development:

upward from of the
point of attachment

rhipidium



Developed ovaries and
stage of development
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30 patches ~ 2 m?
were selected
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Ambient
Controls
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Taller reproductive shoots
More rhipidia
More spathes

More seeds




COTICHeEd

) "
) f

|

7

| 1 1 \

] iii‘ e
&Y e

Taller reproductive shoots
More rhipidia
More spathes

Increased Porewater N utrients




cnricned

Taller reproductive shoots
More rhipidia
More spathes

More seeds

Increased Porewater N utrients

|
‘.{ |ll
‘k
". \L'

ATNOTETT

A
u \W
|l|'“' | 1

\\a\\i .fl iy '} i




4
{

[

{

Taller reproductive shoots
More rhipidia

Meore-spathes

More seeds

\ g
y N,
\\ -

Increased Porewater Nutrients




Taller reproductive shoots may enhance pollen access from
outside the patch




Higher seed production will enhance patch stability and resilience







Reproductive output

Genetic diversity




What about within the sediments?

Dr. Kara Gadeken #

SR

S1:-239
LR:-88.1
P Rol: 89.0



What role can organisms play in modifying toxicity
stress to the benthic plant community?

Chemosynthetic bivalves reducing sediment sulfide levels

Chin et al. 2021 J.of Ecology 109: 204-217



Solemya velum
H,S + O, + CO, > SO,? + organic C

~97-98% of C requirement

Conway et al. (1998), Krueger et al. (1992)
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Porewater sulfide concentrations are lower
when Solemya is present

I

Control

Solemya Only
Eelgrass Only
Solemya + Eelgrass

Porewater Sulfide (uM)

i

I I
07/03/15 07/10/15 07/17/15
Sampling Date

Images: D. Chin, www.marlin.ac.uk



Eelgrass is more productive (by biomass)
when Solemya is present
but not more photosynthetically efficient
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Eelgrass rhizomes have more soluble carbohydrates
when Solemya is present
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Lucinids helped Thalassia grow despite low light and/or high sulfide
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Lucinids helped Thalassia grow despite low light and/or high sulfide
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What role can the benthic plant community play In
modifying pH stress.to organisms?



'l _Seagrass

6.8

12 6 V. 2 12
hr (EDT) hr (EDT)

Wallace et al. 2021 Front Mar Sci 8:611781



Salt marsh

Wallace et al. 2021 Front Mar Sci 8:611781
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@ Seagrass O Sand

pH in relation to Substrate. A comparison of pH values taken from within the
canopy to unvegetated sediments (p = 0.002).
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- Hard clam .Bay scallops

~250 ppm, €O,

Low CO,

- Talmage & Gobler 2010 PNAS 107: 17246



Eelgrass Buckets
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Larval lipids consistently negatively affected
by low pH over ontogeny
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Seagrass OASIS: |
Ocean Acidification Sanctuaries and Subsidies

 FUE R At L)

Spatial
exchange of
low pCO,

seawater to
Low pCO, seawater provides refuge adjacent

From acidification to calcifying habitats
Organisms within seagrass beds

4



Suspension feeding organisms can increase light

& availability to the benthic plant community
f | 2 T

Suspension feeding organisms can increase nutrient
avallability to the benthic plant community

Y |
This increased nutrient availability can increase plant
biomass and productivity as well as reproductive

g S = T 4
Chemosynthetic bivalves can lower sediment toxic

':-f stress to the benthic plant community \
S S SR, &L T Ko

) Benthlc plant communities may effect organism growth

. and survwal via reducing pH stress l
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RESTORATION PROGRAM
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South Shore Estuaries in Long Island, NY
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Shinnecock Bay, 2010

Shinnecock Bay Biotoxin Closure
Effective May 6, 2011
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Shinnecock Bay, 2010

Shinnecock Bay Biotoxin Closure
Effective May 6, 2011

[l siotoxin Closure
Il Year-round Uncertified

Seasonally Uncertified

" Bay.Pst Lane Bridge
(Quantuck)

Atmospheric

Atmospheric Deposition to Sewage Treatment
Deposition to Surface Water, Plant Discharge to
Subwatershed, 43% Surface Water,
5.2% 0.0%

Pets, 2.8%







Hard clam restoration as a
means of

Ecosystem Manipulation



ShiRP zones of activity since 2012
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A * Experimental oyster reefs
¢

&\2&'{&0 Y& Macroalgae ropes

B O Oysters

O Clam spawner sanctuaries

O Eelgrass re-seeding




Hard clams planted
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Shinnecock Bay Restoration Program

Since 2012, ShiRP has planted >4,719,250 adult clams in 124 half-acre plots
within spawner sanctuaries in Weesuck Creek, Tiana Bay and Jones Creek

B vusrePlots
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Clam Abundance m™
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Larval Transport & Recruitment: Shinnecock Bay

Weesuck Creek

locity Vector

mis

Nomalized Tracer Concentration (%)

Time at 14.04167 Days
since 1/1/2014 0:00

001 01 02 03 04 05 068 07 D8 08 1§

Tiana Bay

Nomalized Tracer Concentration (%)

Timeat 14D —
since 11112014000 [T T el

001 01 02 03 04 05 06 07 08 09 1

» Hydrodynamic models show both
eastward and westward transport



Large increase in hard clam recruitment since onset of ShiRP

Juvenile Hard Clam Density (ind/m2)

o >0t s & ot > Most of increase in hard clam
O sor-0 " recruitment is in eastern
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Clam Abundance m™2

25

201

eastern and western Shinnecock Bay

Very different population size/age structures between

151

10 1

Western Bay

Size Class

<9 mm
B 9-16 mm
17-25 mm
B 26-35 mm
36-38 mm
B 39-41 mm
>41 mm

Eastern Bay

» Western Shinnecock Bay

dominated by large
chowder clams

Eastern Shinnecock Bay
dominated by smaller
clams

2012 2014 2015 2016 2017 2018 2019 2020

2021 2022 |2015

Year

2016 2017 2018 2019 2020 2021
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Commercial harvest has skyrocketed since onset of ShiRP

Annual Hard Clam Landings
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» Annual landings have

A iIncreased over 24X

' . since ShiRP began
=@-Eastern Shinnecock Bay planting clams in
=@=\Western Shinnecock Bay 2012

20082009201020112012201320142015201620172018 201920202021



2018 & 2019 were best hard clam harvest years in Shinnecock Bay
in over 40 years!

NYSDEC report on landings

40,000 | B

Annual hard clam landings
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How has this increase impacted Shinnecock Bay?

b




Brown tide cells per mL

Brown tides in Shinnecock Bay, 2008 - 2022
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PSP closures

2011, 2014, 2015: 4,000 acres 2017, 2018: 2,000 acres

= - N
Marine Biotoxin Closure Marine Biotoxin Closure \‘)\\ \
Shinnecock Bay o Shinnecock Bay L N \
Effective ° Effective e,
May 22, 2015 May 4, 2017 {
Shellfish Harvest Area 812 Shellfish Harvest Area SS12

Point ane
L

I:l Gastropods and Shellfish
- Gastropods only conchs, whelks & moon snails
- Normally Uncertified or Seasonally Uncertified

- Botoun Closure

- Normaty Uncertfied or Seasonally Uncertfiec

No NYS Shellfish closures since 2019
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Bio-Optical Model

Light Reach
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In 2012, resident time in Western Shinnecock was
greater than 3 weeks, now it is 8.5 days



West BRUV Aug 28 2014

West BRUV Aug 29 2019




Seagrass Restoration
through ecosystem change















_ & hand broadcasting
and burlap bags










Eelgrass Coverage Change | Condition | Hectare Coverage | Acre Coverage
2013 - 2017 Gain 42.064978 103.944825

B Gain Loss 6.67992 16.506443
B Loss
No Chisinge No Change 25.913676 64.034088
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= Net gain estimate: 104 acres

W eelgrass-dominated habitat between Pine Neck Point and East Point

-

Estimated cost to create; $25,480,000

URI estimated restoration cost analysis: $245,000/acre
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