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Aquatic grass communities are Aquatic grass communities are 
important in Chesapeake Bayimportant in Chesapeake Bay

Food for Food for 
waterfowlwaterfowl

Increase Increase 
water claritywater clarity

Habitat for Habitat for 
blue crabsblue crabs

Good water clarityGood water clarity Poor water clarityPoor water clarity

http://rds.yahoo.com/S=96062883/K=duck+photo/v=2/SID=e/l=IVI/SIG=11t091ma1/*-http%3A//www.all-creatures.org/works/images/w-bid-duck.jpg


SAV as bioindicatorsSAV as bioindicators
SAV make good bioindicators:SAV make good bioindicators:
-- Widespread distributionsWidespread distributions
-- Responsive to perturbations (high light Responsive to perturbations (high light 

requirements)requirements)
-- Integrative of environmental conditionsIntegrative of environmental conditions
-- Important ecological roleImportant ecological role

SAV= canary in Chesapeake BaySAV= canary in Chesapeake Bay



Aquatic grass communities Aquatic grass communities -- widely widely 
distributed in Chesapeake Baydistributed in Chesapeake Bay

Sources: VIMS & Maryland DNRSources: VIMS & Maryland DNR

Zostera marinaZostera marina
'eelgrass''eelgrass'

York RiverYork River

Ruppia maritimaRuppia maritima
''widgeongrasswidgeongrass''

St Mary's RiverSt Mary's River

http://www.vims.edu/bio/sav/2004_SAV_Photo_Gallery/St._Marys_2.jpg


Aquatic grass communities are Aquatic grass communities are 
determined by salinity regimedetermined by salinity regime

Chesapeake Bay CommunitiesChesapeake Bay Communities
Names color coded to mapNames color coded to map

Moore, Wilcox, Orth (2000) Estuaries 23:115Moore, Wilcox, Orth (2000) Estuaries 23:115--227227

FreshwaterFreshwater PotamogetonPotamogeton

RuppiaRuppia ZosteraZostera



Chesapeake Bay:Chesapeake Bay: Bay wide seagrass lossBay wide seagrass loss
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19651965 19801980
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Restoration of aquatic grass Restoration of aquatic grass 
communities of Chesapeake Bay:communities of Chesapeake Bay:

How should we proceed?How should we proceed?
Robert Orth(1), Robert Orth(1), Peter Bergstrom(2)Peter Bergstrom(2), Walter Boynton(3), Tim Carruthers(3), William Dennison(3), , Walter Boynton(3), Tim Carruthers(3), William Dennison(3), 

Katia Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria KocKatia Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria Koch(3), Scott Marion(1), h(3), Scott Marion(1), 
Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) and Dave Wilcox(1)and Dave Wilcox(1)
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Models are a powerful, but seductive tool Models are a powerful, but seductive tool 
for managementfor management

But monitoring...But monitoring...



Annual aquatic grass monitoring Annual aquatic grass monitoring 
using aerial photographyusing aerial photography

-- Annual monitoring project (1978, 1984Annual monitoring project (1978, 1984--present)present)

-- 173 flight lines (2,340 mi)173 flight lines (2,340 mi)

-- 2,033 B/W aerial photographs2,033 B/W aerial photographs

-- Scale 1:24,000Scale 1:24,000

-- Funding: EPA, NOAA, VA DEQ and CRM, MD Funding: EPA, NOAA, VA DEQ and CRM, MD 
DNR, ACEDNR, ACE

Breton BayBreton Bay



SAV Species ObservationsSAV Species Observations

~1000 observations per year~1000 observations per year
Over 17,000 observationsOver 17,000 observations

Participants:Participants:
-- Research programsResearch programs
-- Bay managersBay managers
-- Charter boat captainsCharter boat captains
-- "SAV Hunt""SAV Hunt"



Photographs are converted to maps by Photographs are converted to maps by 
VIMS and ground truthedVIMS and ground truthed

-- Diamonds show ground truth sites, where Diamonds show ground truth sites, where 
species are recordedspecies are recorded

-- Density is also estimated from photographsDensity is also estimated from photographs





Aquatic grass abundance is inversely Aquatic grass abundance is inversely 
related to freshwater flowsrelated to freshwater flows

1999-
2002 dry

2003 wet
1993-1998 
mainly wet

1984-
1992 
normal or 
dry



River flow affects nitrogen loads (and River flow affects nitrogen loads (and 
thus SAV area)thus SAV area)

Drought

Sediment load also went up with flow, but was higher in 1996 than 2003 Source: USGS, CBP



Sediment load also responds to flowSediment load also responds to flow

Source: MD DNR, CBPSource: MD DNR, CBP



Why do changes in flow change N loads so much?Why do changes in flow change N loads so much?
A: Point source nitrogen is going down...A: Point source nitrogen is going down...

Source: CBP



... but it's only 20% of the total inputs... but it's only 20% of the total inputs

Source: USGS, CBP



Diffuse N sources are more affected by Diffuse N sources are more affected by 
rainfall, and rainfall, and do not appear to be decliningdo not appear to be declining

Tom Horton estimated that the Tom Horton estimated that the 
manure produced by livestock in manure produced by livestock in 
Lancaster County, PA, alone could Lancaster County, PA, alone could 
meet the fertilizer needs for the meet the fertilizer needs for the 
whole watershed, but it would be too whole watershed, but it would be too 
expensive to ship it.expensive to ship it.

Thus, we need to reduce diffuse N Thus, we need to reduce diffuse N 
sources to improve aquatic sources to improve aquatic 
grasses.grasses. Source: USGS, CBPSource: USGS, CBP





Aquatic grass communities are Aquatic grass communities are 
determined by salinity regimedetermined by salinity regime

Chesapeake Bay CommunitiesChesapeake Bay Communities
Names color coded to mapNames color coded to map

Moore, Wilcox, Orth (2000) Estuaries 23:115Moore, Wilcox, Orth (2000) Estuaries 23:115--227227

FreshwaterFreshwater PotamogetonPotamogeton

RuppiaRuppia ZosteraZostera



Eastern Neck NarrowsEastern Neck Narrows
1997 2002

2004



Havre de GraceHavre de Grace
1989 2000

2004
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EMERGING ISSUES IN SEED ECOLOGYEMERGING ISSUES IN SEED ECOLOGY

Importance of seeds in Importance of seeds in 
establishing new beds versus establishing new beds versus 
maintaining existing beds maintaining existing beds 
(basic research)(basic research)

Optimal time for use in Optimal time for use in 
restoration efforts with seed restoration efforts with seed 
(spring, summer, fall)(spring, summer, fall)
(applied research)(applied research)



200 m

100 m

Orth, Moore and Luckenbach (1994) Ecology 75:1927Orth, Moore and Luckenbach (1994) Ecology 75:1927--19391939

'B'
'W'

Seeds on the sediment Seeds on the sediment 
surface do not move far from surface do not move far from 
where they settlewhere they settle

Dark bands are patches of Dark bands are patches of 
seedlings from seeds broadcast seedlings from seeds broadcast 
onto bare sand substrateonto bare sand substrate



Luckenbach and Orth (1999) Aquatic Botany 62:235Luckenbach and Orth (1999) Aquatic Botany 62:235--247247

Seeds retained where they settle because of topographicSeeds retained where they settle because of topographic
complexities of sediment surface due to complexities of sediment surface due to bioturbationbioturbation

or physical discontinuities (e.g., sand ripples)or physical discontinuities (e.g., sand ripples)



Harwell and Orth (2001) Aquatic Harwell and Orth (2001) Aquatic BotBot 70 170 1--77

DiopatraDiopatra influences reproductive shoot dispersalinfluences reproductive shoot dispersal
by entraining then in tube capsby entraining then in tube caps



Seedling Abundance vs. Initial Seed Density

Orth, Fishman, Harwell and Marion (2003) Mar. Ecol. Prog. Ser. 250:71-79. 



50 m50 m

COBB BAYCOBB BAY

200k200k

100k100k

200k200k

100k100k

RINGRING

RINGRING

ACREACRE
PLOTS PLOTS 
PLANTEDPLANTED
20012001



Two Peoples Bay

Rottnest
Island



Posidonia australis

'Heaps' of fruits!

15-20 mm



Parker Point, Rottnest Island,
Western Australia, 1996

IN THE BEGINNING!!

seagrass

Seedlings abundant in bare sand
and Halophila, none in dense seagrass

Posidonia seedling



METHODS (Phase I)METHODS (Phase I)

-- Tethered seedsTethered seeds
-- 10 in sand and grass10 in sand and grass
-- 24 hour test period24 hour test period
-- Scored as completely Scored as completely 

or partially eatenor partially eaten
-- Trials 3Trials 3--8 days 8 days 

depending on location depending on location 
in Nov. & Dec. 2001in Nov. & Dec. 2001
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For a seedFor a seed

STAY OUT OFSTAY OUT OF
THE GRASSTHE GRASS
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CHESAPEAKE BAY POLICIES FOR CHESAPEAKE BAY POLICIES FOR 
SEAGRASSSEAGRASS RESTORATION AND RESTORATION AND 

CONSERVATIONCONSERVATION

-- 1989 Management Policy 1989 Management Policy -- achieve net achieve net 
gain in seagrass distributiongain in seagrass distribution

-- 1992 Bay Agreement 1992 Bay Agreement -- use seagrass as use seagrass as 
initial measure of progress in restoring initial measure of progress in restoring 
living resources and water qualityliving resources and water quality

-- 1993 Bay Agreement 1993 Bay Agreement -- restore seagrass to restore seagrass to 
historic levels and an interim goal of historic levels and an interim goal of 
114,000 acres114,000 acres



CHESAPEAKE BAY POLICIES FOR CHESAPEAKE BAY POLICIES FOR 
SEAGRASS RESTORATION AND SEAGRASS RESTORATION AND 

CONSERVATIONCONSERVATION
-- 1997 Blue Crab Fisheries Management 1997 Blue Crab Fisheries Management 

Plan Plan -- link fisheries management to both link fisheries management to both 
water and habitat (seagrass) qualitywater and habitat (seagrass) quality

-- 2000 Bay Agreement 2000 Bay Agreement -- develop specific develop specific 
plans to protect and restore seagrassplans to protect and restore seagrass

-- 2002 Bay Agreement 2002 Bay Agreement -- new goal for new goal for 
restoring seagrass set at 186,000 acresrestoring seagrass set at 186,000 acres

-- 2003 2003 -- Strategy for the protection and Strategy for the protection and 
restoration of SAVrestoration of SAV



Chincoteague Bay Chincoteague Bay 
SAV SanctuarySAV Sanctuary





CHINCOTEAGUE BAYCHINCOTEAGUE BAY
SAV SANCTUARYSAV SANCTUARY

VMRC Reg 4VAC 20VMRC Reg 4VAC 20--10101010--10 (1997 10 (1997 -- no no 
markers); amended by Reg 4VAC 20markers); amended by Reg 4VAC 20--7070--
120 (Dec. 1, 2001 120 (Dec. 1, 2001 -- with marked boundaries) with marked boundaries) 
following meetings with staff, scientists, and following meetings with staff, scientists, and 
watermen preventing clam and crab watermen preventing clam and crab 
dredging in SAV protected areadredging in SAV protected area







Hydraulic Dredge Scars in MarylandHydraulic Dredge Scars in Maryland

19981998

0 100 
m

19971997

0 100 
m

Scars

SAV



MARYLAND REGULATIONSMARYLAND REGULATIONS

NR4NR4--1006.1 1006.1 -- No clam dredging in areas No clam dredging in areas 
delineated with SAV from a composite of 3 delineated with SAV from a composite of 3 
consecutive years of aerial photography consecutive years of aerial photography 
(takes into account natural inter(takes into account natural inter--annual annual 
variability)variability)



Eelgrass

Hard clam cultureAquaculture versusAquaculture versus
critical habitatscritical habitats



'Strategy to Accelerate Protection'Strategy to Accelerate Protection
and Restoration of SAVand Restoration of SAV

in Chesapeake Bay'in Chesapeake Bay'

By Dec. 2008,By Dec. 2008,
plant at least 1000 acresplant at least 1000 acres

at multiple sites!!at multiple sites!!
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Restoration of aquatic grass Restoration of aquatic grass 
communities of Chesapeake Bay:communities of Chesapeake Bay:

How should we proceed?How should we proceed?
Robert Orth(1), Robert Orth(1), Peter Bergstrom(2)Peter Bergstrom(2), Walter Boynton(3), Tim Carruthers(3), William Dennison(3), , Walter Boynton(3), Tim Carruthers(3), William Dennison(3), 

Katia Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria KocKatia Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria Koch(3), Scott Marion(1), h(3), Scott Marion(1), 
Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) and Dave Wilcox(1)and Dave Wilcox(1)



A variety of techniques are used for A variety of techniques are used for 
restoration of aquatic grassrestoration of aquatic grass

All are labor intensive; tedious; have potential donor bed All are labor intensive; tedious; have potential donor bed 
impacts; and only plant small areasimpacts; and only plant small areas

Adult shoot transplantsAdult shoot transplants Seed dispersalSeed dispersal



Long term survival of eelgrass Long term survival of eelgrass 
planted in the York River at VIMSplanted in the York River at VIMS

19841984 19851985 19871987

19901990--2004200419881988



However, less than 10% of transplant sites However, less than 10% of transplant sites 
(adult or seed) have long term survival(adult or seed) have long term survival

Transplants diedTransplants died

Survival >10 yearsSurvival >10 years
Survival 5Survival 5--10 years10 years
Survival 1Survival 1--5 years5 years

VIMS Transplant SitesVIMS Transplant Sites
19791979--20042004



How is nature doing relative to our How is nature doing relative to our 
efforts?efforts?

HumansHumans

NatureNature



Nature is doing pretty well in Nature is doing pretty well in 
some areas (natural recovery)some areas (natural recovery)

Middle Middle 
Potomac Potomac 
RiverRiver MD MD 

Coastal Coastal 
BaysBays



Natural recovery of freshwaterNatural recovery of freshwater community in community in 
the middle Potomac; 1982the middle Potomac; 1982--20032003

-- Initial recruitment of exotic Initial recruitment of exotic HydrillaHydrilla
-- Native species slowly increased from Native species slowly increased from 

propagules upriver propagules upriver -- HydrillaHydrilla remains remains 
-- During this period, nitrogen in the During this period, nitrogen in the 

middle Potomac declined (next slide)middle Potomac declined (next slide)
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Source: VIMS

http://www.vims.edu/bio/sav/sav02/quads/wi055.html


Middle Potomac had improving water Middle Potomac had improving water 
quality (nitrogen) during this natural quality (nitrogen) during this natural 

recoveryrecovery

49% reduction in TN 49% reduction in TN 
discharge from Blue discharge from Blue 
Plains WWTP; Plains WWTP; 
19851985--20032003

Sources: MD DNR, MWCOG

Blue Plains Annual 
TN discharge

TN improved at TN improved at 
every station, every station, 
19851985--2002 2002 



-- Aquatic grass died in 1930s; Aquatic grass died in 1930s; 
wasting diseasewasting disease

-- 600 acres per year returned without 600 acres per year returned without 
planting (1986planting (1986--2003)2003)

Chincoteague Bay
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Source: State of Maryland Coastal Bays 2004

Natural recovery of Natural recovery of ZosteraZostera community in community in 
MD Coastal Bays; 1986MD Coastal Bays; 1986--20032003



MD Coastal Bays had good water quality MD Coastal Bays had good water quality 
where this natural recovery occurredwhere this natural recovery occurred

-- Areas of regrowth in Chincoteague Areas of regrowth in Chincoteague 
had good water quality 2001had good water quality 2001--20032003

-- Among MD Coastal Bays, grass Among MD Coastal Bays, grass 
cover highly related to water quality cover highly related to water quality 
(see below)(see below)

Sinepuxent St MartinNewportIsle of WightAssawomanChincoteagueBay

Water quality

8 <132 4536Aquatic grass area (% of Bay)

Source: State of Maryland Coastal Bays 2004



Conclusions Conclusions 
-- Aquatic grass communities widespread in Aquatic grass communities widespread in 

Chesapeake Bay; variable and greatly Chesapeake Bay; variable and greatly 
reduced from historical distributionreduced from historical distribution

-- Seed and shoot transplanting can work, but Seed and shoot transplanting can work, but 
<10% long term success<10% long term success

-- Natural recovery has occurred where there is Natural recovery has occurred where there is 
good water qualitygood water quality

-- Where good water quality occurs, targeted Where good water quality occurs, targeted 
local restoration efforts are valuablelocal restoration efforts are valuable



Dec. 22, 2004Dec. 22, 2004

1 acre eelgrass plots1 acre eelgrass plots
located behind Wrecklocated behind Wreck
IslandIsland (PLANTED WITH(PLANTED WITH
SEEDS IN 2001 AND 2002)SEEDS IN 2001 AND 2002)

N

Scale Scale -- 1:24,0001:24,000



seeds



2003

100 m



2003

2004

100 m

'Dots' are small eelgrass'Dots' are small eelgrass
patches from seeds patches from seeds 
produced by plants in the produced by plants in the 
'B' and not observed in 'B' and not observed in 
2003 photo2003 photo



~100% SAV cover ~100% SAV cover 
derived from small derived from small 
test plotstest plots

200 m



1998
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Restoration of aquatic grass Restoration of aquatic grass 
communities of Chesapeake Bay:communities of Chesapeake Bay:

How should we proceed?How should we proceed?
Robert Orth(1), Robert Orth(1), Peter Bergstrom(2)Peter Bergstrom(2), Walter Boynton(3), Tim Carruthers(3), William Dennison(3), , Walter Boynton(3), Tim Carruthers(3), William Dennison(3), 

KatiaKatia Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria Koch(3),Englehardt(3), Dave Goshorn(4), Lee Karrh(4), Evamaria Koch(3), Scott Marion(1), Scott Marion(1), 
Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) Ken Moore(1), Laura Murray(3), Mike Naylor(4), Nancy Rybicki(5) and Dave Wilcox(1)and Dave Wilcox(1)



RecommendationsRecommendations
-- Need better understanding of the four Need better understanding of the four 

aquatic grass communities, their variability aquatic grass communities, their variability 
and recoveryand recovery

-- Due to limited long term survival, restoration Due to limited long term survival, restoration 
projects must include long term monitoring, projects must include long term monitoring, 
and improved site and technique targetingand improved site and technique targeting

-- Continue annual aquatic grass mapping to Continue annual aquatic grass mapping to 
quantify natural recovery eventsquantify natural recovery events

-- Returning aquatic grasses to Chesapeake Returning aquatic grasses to Chesapeake 
Bay will require Bay will require improved water qualityimproved water quality
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SAV Habitat RequirementsSAV Habitat Requirements
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> 13 %
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μg/l

< 0.15

< 0.15
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mg/l

< 0.02

< 0.01
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mg/l
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(>18 ppt)
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(5-18 ppt)

> 9%
Oligohaline
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> 9%
Tidal Fresh
(<0.5 ppt)

PLLSalinity
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Poquoson Flats Boat Scars
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Browns Bay Boat Scars
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Scar Scar quadratsquadrats

Control quadratControl quadrat

Scar coreScar core

Control coreControl core

20 locations in scars created in 200020 locations in scars created in 2000
in Poquoson Flats and Browns Bayin Poquoson Flats and Browns Bay

Same location sampled in 2001,Same location sampled in 2001,
2002, and 20032002, and 2003
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York River – Allens 
Island

June 
2003

ISABEL SEPT. 17/18!!!
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York River – Allens 
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June 
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