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Talk Outline

~ A historical perspective on (North Carolina) intertidal oyster reefs
~Intertidal reef restoration in the 1990s
- Experimental design
~The evolution of those reefs = -
- Sampling resident biota
- Laser scanning/surveying
~ A deep twist on intertidal reef evolution
-Possible mechanisms
~New directions in intertidal restoration




~— A historical perspective on .- 0 :
North Carolina oyster reefs M

»Winslow 1886 (151 pgs)
»Grave 1904 (195 pgs)

»Coker 1907 (74 pgs) ‘ -
OVSTER CULTURE:

WATHRS UP KUTIH GRROUINA.

~“A most conspicuous feature of [Newport]
river is the oyster reefs...a source of no little I T YTV 15 o et
3 . o I o } v rarnm L 1. 1™
inconvenience to the navigation of the river” .

-yr

~Focus on potential for oyster cu
searching for “scientific basis for
establishment of new oyste

,,,,,,,,

~“[The most] useful pu
oyster of [an intertidal] I =
the supply of spawn,
the beds in deeper wa

fig
. Chestnut
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A historical perspective on North Carolina oyster reefs

Winslow 1886

Intertidal oyster
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Lessons we have learned, maybe some we’ve forgotten

Grave 1901

Instructions for living shorelines:
- Reefs are groins, not sills...
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Restoring intertidal reefs using derelict fishing gear

»2011 (APNEP funded) :
working with DMF to refurbish
and deploy 200 crab pots as
substrate for intertidal oyster
reefs

> Rationale:

~Get oysters up in water
column (in flow)

~ Away from predators

~3-dimensional habitat for
fishes

~Determine fishery and
ecosystem benefits



Actually, not really a new idea...

»Japanese aquaculture since the 1800s...
»Winslow 1889
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Long-term
North
Carolina
oyster
harvests

Landings (lbs meat)

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

=== Pounds (Ibs meat)

=== \/g|ue
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Talk Outline

~ A historical perspective on (North Carolina ) intertidal oyster reefs

~ Intertidal reef restoration in the 1990s
- Experimental design

»The evolution of those reefs

- Sampling resident biota
- Laser scanning/surveying
~ A deep twist on intertidal reef evolution
-Possible mechanisms
~New directions in intertidal
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NC intertidal reef restoration in the 1990s
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Intertidal reef restoration in the 1990s

»Constructed in 1997
»Middle Marsh — Rachel Carson NERRS
»Initially 3 * 5 * 0.33 m (5 m3)
Immediately collapsed to ~1.67 m3
3 landscape settings
-Mudflat
-Saltmarsh
-Saltmarsh-Seagrass
»Sampling
-June & December Coring
-Summer/Fall trap sampling
-Summer/Fall gillnetting
~1998-2001, revisited in 2010
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Salt marsh Mudflat

3 years: Grabowski et al. 2005

Scagrass

Saltmarsh

Mudflat

Seagrass

13 years: current study
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Saltmarsh Mudflat Seagrass
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“~ Function of reefs within the larger
estuarine ecosystem

» Fish utilization
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Fish Caught H&L (# per 15 min)

Saltmarsh Mudflat Seagrass
f . N ™R . y -y, \—
- : ) ‘ PANT = C Yiw : 3 '-




A. Photo, 2010.

Oyster reef (MF-2) Survey reflector (2)

Laser scanning and
surveying reefs

3840168

3840186

3840162

3840160

3840158

361540 361542 351544 351548 351548

B. Point cloud, 2010.

SRR

C. DEM of oyster reef MF-1
Ity 1899,

Volume
Area

20.64 m?

3840166

D. DEM of oyster reef MF-1

based on 678,725 data pomb

collected in 2010,
3840156

3840182

38401860

3840158

UTM Zone 18

361540 351542 351544 351546 351548 351550

Easting

2010 Growth Rate
9.34m? 0.59 m? yr'1
53.59 m’ 3.30m?yr?

Elevation (m; NAVD 88)







~ Reef evolution after 13 years — a look through the reefs
»SM and SG reefs have not grown (possibly net loss)

‘ »No obvious new “living” shell
0-5cm 5-10cm
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~ Reef evolution after 13 years — a look through the reefs
» Even with some compaction, reefs now >50 cm tall (3.5 cm yr?)

L d

o .'\
I

B e e »Outplanted shell versus new ‘living’ shell easy to distinguish
: 15-20cm 20-25cm
' ."\ "h
b |




Talk Outline

~ A historical perspective on (North Carolina ) intertidal oyster reefs
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Reef evolution after 13 years: a depth-related twist on
NC intertidal reefs

@ =growing @ =deteriorating

o ommunities. Ecology 86:

®- growmg

sand-flat reefs
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-0.6 0.4 -0.2
Base Substrate Elevation (NAVD 88)

Relationship between base substrate elevation and reef vertical relief (r?2 = 0.67).
Middle: View of an accreting sand flat oyster reef. Right: View of a deteriorating reef
located on a slightly deeper sand flat — note low relief and high level of biofouling.



Reef evolution after 13 years: a depth-related twist on
NC intertidal reefs

R2=0.6322,

R2=0.4275

B Live oyster mass (kg 0.25m -2)
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A depth-related twist on NC intertidal reefs: a

depth/salinity gradient (Beaufort Waterfront)
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A depth-related twist on NC intertidal reefs: a
depth/salinity gradient (Core Creek)

>
A% )4

»Credit to N. Lindquist
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Potential culprits for
reef demise below
threshold depth
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Vertical limits in the
distribution of oyster
predators and
bioeroders -




Potential culprits for reef demise below
threshold depth: a boring problem???

= UNC intertidal reef sampling site
= NC DMF oyster sampling sites

A _ NC DMF oyster spawning sanctuaries

@ . fishermen oyster sampling sites

@ ® ®
Number (%) of Shell With Sponge (Wells, 1955)

0.001 - 0.040 O

0.041 - 0.079 » ;e

0.080 - 0.119
0.120 - 0.158

0.159 — 0.197

Number (%) of Shell With Sponge (2010)
® o0.010-0.208
0.209 - 0.404
0.405 - 0.604
0.605 - 0.802
0.803 - 0.100

Credit to N. Lindquist
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Potential culprits for
reef demise below
threshold depth

~As well as oyster
disease and fouling
organisms



82.0 + 1.1 mm (u + SE)
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Complex synergisms
between oyster
ENIES

O Loose Oysters O Oyster Reef
— Additve Model Prediction

Multiplicative Model Prediction

No Drill 6 Drill No Drill 6 Drill
No Crab 1 Crab
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Ongoing restoration

2011 restoration at Middle Marsh (APNEP funded)
60 (3 *5 *0.1m) and 600 (10 * 15 * 0.1m) bushel reefs

Measuring : oyster density, settlement and growth . Associated
ecosystem services: biogeochemcial cycling, water quality, biodiversity
maintenance

g e « ' 12,000 bushels*
- LT ’- =
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Future restoration o ——

2011 restoration at
Middle Marsh

60(3 *5 * 0.1m) and
600 (10 * 158 0.1m) Middle Marsh Potential Reefs
bushel reefs

4 depths:
-0.5m,
-0.6m,
-0.75m
and -0.9m NAVD 88

Climate change effects
sea-level
ocean acidification

351000 351500 352000 352500 353000



Future restoration — how do ecosystem services scale
with location in the intertidal

Shallow/High
Fast/Large
A

Substrate Elevation/
Reef Height
Flow Speed/
Sediment Size

v
Deep/Low
Slow/Small




Physwological
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seaweeds [LAT = Lowes:

Lower limit set by biotic stressors (enemies)
Upper limit set by physical limits
Competition for space alters morphology



e Conclusions

~ Intertidal reefs formerly a huge ecosystem
component: restoring them presents unique
challenges

» Restored intertidal reef success
-effects of landscape

-also, potential fine-sca
effects of depth

~Rocky intertidal par
appropriate for inte

» Still revisiting c
naturalists/scienti
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