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EEcological Restonation?

T'o what condition does, one restore any: ecosystem'?

Wihat does one use to measure the suceess of any.
restoration eftort?

What does, one use to measure successitl oyster
restoration in Chesapeake Bay?




Starting Delinition

[Ecolegicall resteration!|s the pPrecess of
ASSISting the recovery: of an ecosystem
that has beenrdegraded, damaged, or

desitreyed.
Soeclety ior Ecelogical Restoration, 2002



Cunrent Status, m Maryland

Fishing mortality estimated at 50% annually: (S, Jordan,
MIDINRY)

[Depending on location/salinity,
Tiwo diseases - MISX,, IDermo

[Density m MID) -
Recruiiment mmegular, mitequent

200,000 acres mapped i 19065 likely antiticial

100,000 productive
50,000 currently “good’?



Reproductive Capacity,

Y%, terntilization—0.49*@ D" 2>

Oyster Density (/m?) 9% Eertilization
efficiency

1 0.49

2 0.81

5 1.56

10 285"
25 4.9
50 8.19
100 13.50
200 22.23
500 43.00
1000 70.83

“From Mann and Evans' (1998) adaptation of [Levitan (1991)




Maryland Objective

Maximize
the economic and ecologic
value ofi Maryland®s

oyster population(s):



Mietrics ol Success?

Increased harvest

[nereased spatset

Clear water

Higher benthic biodivensity
[Cower incidences! of hypoxia
10X goal




How: do we measure Stccess?

Societal goals
n Viamtaim mdustey
Processors, shtickers, ete

s Maintam: cultures

Watermen, skipjacks, independence, ete

n [mprove ecosystem health off Chesapeake



How: do we measure Stccess?

Systemic iesponses?

n Plant broodstock—imcrease i local recruiiment
s Add millions—inenease m harvest m a {Cw: years

n Restore large reel’ —>clear water




How: do we measure Stccess?

[Cocal responses?

a [nereasec
n [ncreased

| benthie biodiversity?
I nitrogen eycling?

a [ncreasea

Hocal pelagic commumnity?

n Decneased ambient turbidity?

a Decneased hypoxia?

n Longevity?

n Physical structure?



Monitoring dififerent levels of

SUCCCSS

Societal Hﬂj>harvest numbers, economy.

Systemicl

j>recruitment rates, sustamability,
tUrbIdiLy;

[Cocal Hﬂj>survival, growiil, benthic

iaunal diversity/abundance




Collecting relevant data

Intensive monitoring ol Speeilic projects

a Monitor [or projeci-speciiic objectives and goals

Size, mortality, disease, faunal abundance, water
qualities; etc

Increased stock assessment quality
m Need spatially: specitic data

Mortality, size, density, spat counts

Combine stock assessment data with
restoration data




Sources ol data i the Paynter ILab

Monitening for Army Corps, Oyster Recovery
Partnenship, MIDNR projects - too many to list

NOAA/EPA Stock Assessment project w/Roger
Mann. Steve Jondan

ODPRP/Sca Grant projects' - disease transmission wi:
Gene Burreson: larval transport/genctic stricture -
Matt Hare, Stan Allen, Mutt Meritt; ariakensis project




Restoration Efforts 1m MID

[Cargely experimental
n Widely distrbuted: geographically
n Relatively small i size
s Replicated m many cases

Objectives

s Understand oyster longevity/discase
a Oysicr productivity/giowih

n BEcoelogical value

n Techniques




Current Restoration Effort
m Viaryland

Watermen, IDNR. NGOsS, academics mvolved
Agree on objective

Agree on location - sanctuanry or reserve

Place shell

Plant seed

Monitor for survival, growih, disease
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Experimental Restoration Efiorts m
VD

[nitiall Diseasc/Growih project - 3 rvers
IDensity: project

Straim trials

Rieserves/bar cleaning

Altermative; substrates

[Haunall diiierences/Eish tiilization

Underwater video/education eftort




Monitoring protocols

SCUBA Diver retiieved samples and observation
Differential GPS

m precision sampling -4 comer: waypoints/plot
Shell helght, density, condition mdex, other measutnes

RET M for: Perkinsus diagnoses
n  Whole/half for spat
m Rectal tissue for larger oysters
m  Tissue samples archived for
IH. nelseni/other pathogens



Choptank & Chester Rivers

Take hhome lessons

Veny low: dermoracquisition at most sites

Oysterns on mounds) didnt grow; faster: than those on flat
bars

Growith rates =25-30mmy/yr




BACK TO MAIN MAP

imatloly Ao

. PLEASE SELECT A SITE TO THE LEFT

Chester River | Shippen Creek

DATE OF LAST SAMPLING: 8/22/2003
to print thiz page, right-click(pc), or click in frame, then select
print [mac)

Planting One

Planting Two y i inageti

E Yideo Clip Images

Bottom Water Ciuality

Temperatire (°F)
Temperature (*C)
salinity (ppt)

d_ Dissolved COaygen (mgd)




Dobbins Hill
Average Length of Live Oysters

Graph Info

| | | | | | | |
June 2001 Sept2001 Oct2001 May 2002 Aug 2002 Oct2002 May 2005 Aug 2005 Oct2003
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Dermo in Restored Bars
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Dermo) transmission
m low: (<14ppt) salinity

Rarely related to salinity gradient

I Chester Infections geographically, clustered
n all plots at Spantand Pt imfected

Viean time torinfection

a on restored bars - years
a on mmfected bars - weeks

Some infections akated
a [Dobbin Hill m Magothy: River



Then what’s the major cause oif
moralivy: m low: salinity:?

MISX not present below: 10 ppt

[Denmo; present i most bans; but not virulent
except m old oystens




Oyster Densities at Choptank Sites

1999 -F & B 2000-F & B
30% Dermo (<0.9WP) 33% Dermo (<0.5WP)

No MSX No MSX

\\’ Few boxes
4

1 1

1.5 2 ) 3.5
Age (yrs)




Oyster Density at Chester Sites




Dermo il low: (<14ppt) salinity
Irransmission rarely related to salinity gradient

Some Infecuions geographically clustered; seme Infections
abated

Viean time: te Infection
m on restored bars - years

s on infected bars - weeks



Eitects of Fishing

Oyster Growth on Harvested and Sanctuaried bars

—e&— Harvest
—#— Sanctuary

Y(2) Y(3)
Age (year)

Harvest data from Jessica (Vanisko) Coakley




Efiects of fishing?

Reduction m large animals

Growihrate ol population essentially: siops
alter three years

Remnant population composed o1 low-density,
Slower growing oystens

Remnant pepuilation highly miccted with
contagious parasite (P. marinus)




Strain study-will resistance develop
m naturalized populations?

Choptanks River: Tangicr Sound
4 strams| - planted 1 2000

n Local susceptible, local tolerant, ILouisiana straim, CROSBrecd
2002 - mean size: 65 mm; Dermor low: m: alll straims
Heavy MSX-mduced mortality

a [Local susceptible and [Douisiana straims - *1( %
s CROSBreed and local tolerant - (%

Open to harvest 1 Eall 2002



Natural Mortality
oif Planted Oysiers

Oyster Mortality at Different Salinities

Predation

Old high density

3
Age (yrs)

populations!?!

—o— Low
—— Moderate
High

l




[Density Project

12 1/4: acre plots

3 replicate treatments off 4 densities
x 0, 100, 250, 500 oysters/m?
Actual densitics ranged from 0)to) 800 oystens/m?

EROWTNIIeRIEIARIESHE IO RIECHDRNELES 2
CORNAIMGI ICICESAVErEIN @iFaIfierEni amoRBI CERNSIHESHG);
SN/ Ears(IMeEaniSiE= T 0mm)

MISX impacted m 2002 - 80 tor90% mortality

a [Density mmdependent micetion

Benthic community morne abundant at higher densities



Alternative substrates

MIDNRE project

Stone, concenete (memorial stadium), slag, shell

Stone worst substrate (fewest recruits); slag,
conerete, shell eqgual



Ecological
ASSessments

[Houling commumniiy;
Benthic populations
Pelagic populations
FFiltration rates
Nutrient cycling
More...







There 1s a paucity of information on macrofaunal communities on
Maryland’s subtidal mesohaline oyster habitats. We sampled
restored and unrestored plots on 4 subtidal mesohaline oyster bars
in Maryland.

Figure 1. These pictures show an unrestored oyster reef
(A) as compared to atypical restored oyster reef (B).



Some representative macrofaunal organisms from 2003
sampling. All were more abundant on restored reefs except P.
gouldii (bottom right, shown next to its tube), and the two clams
M. batlthica (bottom center) and M. Arenaria (far right).




Comparisons of mean faunal densities in restored (blue bars) and
unrestored (green bars) plots for 3 broadly inclusive functional
groups. Error bars represent +/- 1 SEM. Asterisks following
group titles indicate statistically significant differences.
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Comparisons of mean faunal densities in restored (blue bars) and
unrestored (green bars) plots for 8 taxonomic groups. Error bars
represent +/- 1 SEM. Asterisks following group titles indicate
statistically significant differences.
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S0, macrofauna are more abundant on restored
reels, but will striped bass comer looking for then?



Macrofaunal Energy Density -
evidence of increased benthic-pelagic coupling?

4000000 Restored
3500000
3000000
2500000
2000000
1500000

—~
o
=
x
-
~
>
=
(%2}
-
(5}
()
L
c
©
(<5}
=

1000000 Unrestored

500000
0

Treatment




Predicting productivity and disease
avoidance

Reserve experiments



Reserve Studies, - just started

Cooperative eliont withs watermen
[Exhanstively hanvest bar wi/dredges
Plant w/SPE seed

Follow: growih and discase acquisition
Hanvest at [00mimn mean: size

Undernstand how to maximize productivity: of
rotational approachi using SPE secd

Maximize ecological value




Resernve Production-
Chester River - 2 yrs old

Blunts 2001 Reserve
Oyster Size Distribution

7.6 acres

O Bushels 3-4 in
B Bushels >4 in

OBushels <3 in

0 60%

Total Oysters 5,745,600

Total Bushels 16,416

Bushels > 3 in 9,850

<10% mortality; <10% P. marinus Bushels >4 in 2,462

Bushels < 3 in 4,104




Reserve Production -
Choptank River- 2 yis old

Bolingbroke Sands 2001 Reserve
Oyster Size Distribution

11 acres

O Bushels >3 in
B Bushels >4 in
O Bushels <3 in

061%

Total Oysters 6,600,000
Total Bushels 18,857
Bushels > 3 in 11,503
Bushels >4 in 943

) ] Bushels < 3 in 6,411
<10% mortality; <10% P. marinus




INearby: oyster bar

Oyster Shell Pt

u Viontality,
2001- 28%; 2002 - 55%
u [Dermo
2001= 100%: 2002 - 100%



Restoration Success?

These two reserves will likely
produce more oysters, m the
200472005 season: thamn were
produced m: the entine state last
year.




Mq,[y&nd Qg%lrtmeﬁ‘t of Natural Res
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University of Maryland
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Dept. Animal and Avian Sciences, University of Maryland, College Park, MD 20742
Kennedy Paynter and Michael Liddel
Chesapeake Biological Laborato P.0. Box 38, Solomons, MD 20688 and
Department of Biology, Univ };' of Maryland, College Park, MD 20742
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Chesapeake Bay Oyster
Population Estimation
(CBOPE)

Project Overview and Objectives

Cne of the principal goals of the Chesapeake 2000 Agreement
was a 10-fold increase in the Bay oyster population by 2010.
The baseline for this goal is the oyster population biomass that
Project Overview and  existed at the beginning of 1994, as assessed by surveys in
Objectives fall 1993. In 2000, the NOAA Chesapeake Bay Stock
Assessment Committee and the US EPA Chesapeake Bay
Basin Estimates Program jointly funded an interstate research project for the
purposes of (1) quantifying the baseline oyster population, and
MM i2) establishing the monitoring, data management and data
Vl[glnla analysis frameworks for measuring progress toward the oyster
c - restoration goal, Chesapeake Bay Oyster Population
Sentinel Sites Estimation gr CEBOPE. ﬁis colla};nr:tive prn:-jict between
Maﬂland Maryland and Virginia partners has produced to date annual
Virainia estimates of Chesapeake Bay oyster populations for the period
BE 1994-2002 (MD) and 1988-2002 (VA). Using the formats
Project Partners established by the CBOPE project, annual tracking of progress
) towards the 2010 geoal will continue.

Project Sponsors

Each state has identified distinct basins or water bodies as
well as sentinel sites within the Chesapeake Bay that will be
e S s used to estimate abundance and biomass of Chesapeake
VIMS Molluscan Ecology oyster populations. Annual oyster population estimates for
Home basins provide evidence of gecgraphic trends within

watersheds. The term "sentinel site” is applied to individual
sites where oyster populations have been, or henceforth will
be. monitored annually. Data from these sites may provide an
index of restoration or replenishment success in relation to
both basin and technique.

. Thiz meb =ite iz
A ocollaboration bebueen: maintained atthe

Manfland Depadment of Natural Resources Sarbanes Cooperative Oxford Laboratony virginia Institute of
Locument [ast modified Uniwersity of Manyland Marine Estuarine and Environmental Studies Program Marine Science
OF .05 2002 Wirginia Institute of Marine Science Depatment of Fizsheries Science Malluszan -
Ecology Program CBOFPE Contacts
Wirginia hMarine B [ ission C ti d Replenish t Driwisi 1 "
irginia hlarine Resources Commission Conservation and Replenishment Division Disclaimer

www.vims.edu/mollusc/cbope/overview.htm




Conclusions irom last year

Abundances ranged from 1.6 (MiID, 2002) to
6.30/x 102 oysters from: 1993-2002

Smallleysiers constituie; 7950 o1 the population
irom 1995=-2001 1 VA



Collecting relevant data

Intensive monitoring ol Speeilic projects

a Monitor [or projeci-speciiic objectives and goals

Size, mortality, disease, faunal abundance, water
qualities; etc

Increased stock assessment quality
m Need spatially: specitic data

Mortality, size, density, spat counts

Combine stock assessment data with
restoration data




[mportant Stuii:

Collect spatially: explicit data
Work on multiple scales

Collect data relevant tor bothr scicnce and
public mierest (€ducation/outreach)
Photography/videography - pictures speak: a
thousand words



STOP HERE



Reproductive Capacity,

Y% tentilization=0.49=Q D02
Oyster Density (/m?) 9% Eertilization
efficiency
1 0.49
2 0.81
5 1.56
10 285"
25 4.9
50 8.19
100 13.50
200 22.23
500 43.00
1000 70.83

“From Mann and Evans' (1998) adaptation of [Levitan (1991)



Extracting data irom the field

[Estimating age, growih and montality rates, itom

natural/exploried popuilations

 Sizel irequency analysis over time
Changes i density?

Measuring growih & mortality: oihatchery,

reared seed planted for restoration pioj

n [ntensive monitorng over time

eCcls




Natural and/or exploitcd
population daid

Taking what you can get




B0 100 120
length {mim;




Lower Deep Water Shoal, 1999

80 100 120 140
length (mm)




Lower Deep Water Shoal, 2000




Lower Deep Water Shoal, 2001




[Data irom planied; protccted
populations

Pretty: close to) controlled experiments
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MONITORING OYSTER
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RTNERS

MARYLAND WATERMAN'S

MARYLAND SEA GRANT ASSOCIATION
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What we have learned

How: to restore

[Cocation - avoid discases
Prepare - clean shell base
Precision - GPS' toymark shell and'secd placement

Plant high' densities - 2 million/acre - maximize ecological
value

Monitor - collect relevant data - use 1 adaptive
Managemeni

Protect - marks areas



Wihat have we learned

SPE oystens planted on clean shell grow: well and walll survive
=4 years i low: salinity (S12ppt) waters, with mimimal dermo
IMpPACtS

Erom: 1997-2002 - Very, little evidence of spatset at any
location except m Tangicr Sound

High density: planting docs not reduce growth nate and
enhances benthic community development'= eliiects, with
dermo untesied

MISX - unpredictable and devastating



[s restoration working in
Maryland?

[ depends, on objectives

n Locally’- Ve, milow salinity - good growith,
longevity, excellent community reSpoenses; ,
i moderate or high salinity - discases

n Systemically; ; no responses, milocal
spatset, water clanity

x Secletally: - S Waternmen/imangers/
academics’ are wonking together m unprecedented
ways; no mcreases m harvest/mdustey,




But,

nothimg about recrumneni

except that 1t has only occurred i high densities
at one site during 2 of the 5 yrs we were
sampling. And we were sampling at least™ 10
sites thuoughout MID each year.




So what do we need?

ior ecologically: fully functional oysters rects

Oyster longevity: - 5 tor 10 years

Recruitment

I Enough torreplace the natural mortality
established by 1 above.

2. At densitiess high enough to) create valuable
habitat (>50/m??, >100/m??)




Wihat do we have?

[Congevity at low salinities (<12 ppt) - MID

a But little to no recruitment

Recruitment at high salinities - VA
a But overwhelming disecase-imduced mortality: within 2 to 3! years

[Cittle m between
n [Low life expectancy, mirequent and low: density necruitment



Will disease resistance/ tolerance
develop?

Strain experiments

Choptank River; Tangier Sound
4 strams| - planted 12000

n [Local susceptible, Local tolerant, ILouisiana strain, CROSBreed
2002 - mean Size: 65 mm: Dermo; low: i all strams
Heavy MISX-induced mortality

n [Local susceptible and Louisiana strains, -
s CROSBi1eed and local tolerant -



Mixed messages

[Latge-scale oysier reel restoration can
beaccomplished and appeans! to) oficr
Substantial ecological benetits.

C. virginica still dies fromi disease, even
alter decades of selective breeding.




