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Management 

Issues In 

Estuaries:

Barnegat Bay-

A Case Study

Barnegat Bay Geography

• Watershed lies 
wholly within the 
Atlantic Coastal 
Plain

• Plain characterized 
by flat or gently 
rolling topography  

• Rises gradually from 
sea level to 800 feet 
on  western edge 

• Broad, slowly-flowing 
rivers and streams

Barnegat Bay Geography

• Relatively flat plain

• Abundant streams 
and occasional clay-
lined depressions 

• Many areas of 
standing water 
where white cedar 
and hardwood 
swamps may form

• To the East, sandy 
pine-barrens and 
coastal dunes

Barnegat Bay Geography

• Estuary is on central 
NJ shore 

• Completely bordered 
by Ocean County

• 70km long 

• Narrow (2-6km wide)

• Shallow, lagoonal-
type estuary

Barnegat Bay Geography

• Divided into three main 
subsystems: 

– Barnegat Bay

– Manahawkin Bay 

– Little Egg Harbor

• Manahawkin Bay is 
contiguous with 
Barnegat Bay

• Route 72 bridge 
divides them

• Many papers treat 
Manahawkin as part of 
larger Barnegat Bay

Manahawkin Bay

Barnegat Bay Geography

• Little Egg Harbor is 
deeper estuary than 
Barnegat Bay

• Maximum depth - 23 feet 

• Barnegat Bay Estuarine 
System ranges from 1 to 
6m, averaging 1.5m

• Watershed of Bay is 
between 550 and 660 
square miles (ca 1,730 
square km)
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Barnegat Bay Geography
• Barrier island, Long Beach 
Island (LBI) and a barrier 
peninsula bound Bay on east

• Southern half of northern 
peninsula is undeveloped-
Island Beach State Park

•Southern island is 
heavily developed-
beach communities 
of LBI

Barnegat Bay Geography

• Western boundary-
patchwork of 
residential 
developments 
interspersed with 
salt marshes 
(Forsythe Wildlife 
Refuge)

• Western coast of 
Bay broken by a 
series of fresh 
surface-water inputs

Barnegat Bay Geography
• Metedeconk River

• Kettle Creek

• Toms River

• Cedar Creek

• Forked River

• Mill Creek

• West Creek

• Tuckerton Creek

• Inputs often influenced 
by tannins from Cedar 
swamps, so Barnegat Bay 
often brownish in color, 
especially after strong 
storm events

Barnegat Bay Geography

• Main connection to  
Atlantic Ocean via 
Barnegat Inlet,

• Recently 
reconfigured 
(redirection of flows 
by dredging and 
filling) by Army 
Corps of Engineers

• Impact on circulation 
and flushing patterns 
of Bay now being 
examined

Barnegat Bay Geography

• Not first time flow 
patterns into and out 
of Bay have been 
reorganized

• Historical charts 
show that, 100 years 
ago, Barnegat Inlet 
opened about a mile 
north of its present 
position

1878

Barnegat Bay Geography

• Similarly, inlet at 
Holgate has opened 
and closed several 
times since turn of 
century

• Limited flow through  
inlets reduces 
flushing,

• System particularly 
susceptible to 
impacts of human 
activities within 
watershed

177?
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Barnegat Bay Geography

• Originally no access to 
ocean at Northern End 
of Bay

• In 1926 Point Pleasant 
Canal opened, linking Bay 
Head to Manasquan 
River. 

• Canal allowed vessels to 
enter Bay via Manasquan 
Inlet

• Took 20 miles off a trip 
up the coast

Barnegat Bay Geography

• Within months of canal's 
opening, shifting sands 
closed off Manasquan Inlet 

• Ocean access to  North Bay 
once more impossible

• Took 5 years (until 1931) 
for Army Corps to dredge 
new entrance to Inlet 

• Protected entrance using 
Jetties made from rocks 
from construction of New 
York City’s city's subway 
system

Barnegat Bay Geography
• Restricted flow in Barnegat 
Bay means tidal range < 1 
foot

• Tidal differences between 
Manasquan and Bay (ends of 
canal) can be 4 feet

• Swift currents (to 9 knots) 
and turbulent waters in 
Canal during maximal flow

• Surprisingly little exchange 
of fresh and saltwater 
between Bay and River 
through this canal

Early History of the Region

• Original inhabitants of 
were Lenni Lenape 
Indians

• Piles of oyster, clam 
and mussel shells in 
Tuckerton and 
Brigantine dating from 
before European 
settlement suggest 
shellfish were 
important in Lenape's 
diet

Early History of the Region

• Other remains suggest 
use of birds and eggs, 
muskrat, bear, deer, 
otter, beaver and lynx

• Lenape also used local 
plants

– Cedar wood for cooking and 
for bowls

– Harvested wild cranberries, 
blackberries, strawberries 
and "whortleberries" 

Early History of the Region

• Also cultivated corn, 
potatoes, peanuts, 
tobacco, beans and 
squash

• Pioneered use of 
seaweed for 
fertilizer?
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Early History of the Region

• First European to 
explore region was 
Henry Hudson

• Anchored off 
Barnegat Inlet in 
1609 

• Explored region in 
longboats

• Area was further 
mapped by Cornelius 
Jacobson Mey in 
1614  (Cape May was 
Cape Mey!)

Early History of the Region

• Local place names from 
Mey's maps:

– Barende-gat (Inlet of 
breakers)

– Eyre Haven (Harbor of 
Eggs  or Egg Harbor) so 
named because early 
Dutch explorers found 
many nests filled 
seabird eggs

Early History of the Region

• Next century, area visited 
mostly by nomadic 
fishermen and whalers 
attracted by seasonal 
whale runs near land  

• Pirates reportedly visited 
area to bury treasure:

– Spanish coins found on 
beaches of Long Beach 
Island 

– One significant find of 
treasure on LBI - late 
1800s

Early History of the Region

• Slowly permanent settlers 
arrived

• Early 1700s, whaler Aaron 
Inman, built home near what 
is now Surf City (LBI) 

• 1704, Edward Andrews built 
first gristmill powered by 
water from a beaver pond 

• First settlers often squatters 

• Supplemented income by 
salvaging and smuggling, 
fishing, crabbing and 
harvesting salt-hay

Early History of the Region

• Oysters rapidly 
became major export 

• Regulation early- in 
1719 a law passed 
forbidding oysters 
harvest from May 10 
to September 1

• May have helped 
maintain fishery, 
which was a major 
part of regional 
economics for next 
two centuries

Early History of the Region
• 1760s: numerous sawmills along 
Ocean County’s creeks

• Toms River: important port 
town 

– Fish transported to Mount Holly 
and Philadelphia

– Exports left for many 
international destinations

• Relatively deep (15') channel 
through Cranberry Inlet,  
opposite Toms River was deep 
enough to allow passage of two 
and three-masted schooners to 
Bay 

• 1812, violent storm closes inlet
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Early History of the Region
• Revolutionary War: Bay’s 
protected coves and 
inlets of sheltered small 
US privateers used to 
harass British

• Source of salt used to 
preserve food

• Many skirmishes over 
control of local salt-works

• Local “bog iron” used to 
make armaments –
precipitating British raid 
on Batsto in which a 
detachment of 40 US 
troops were killed 

Early History of the Region
• After war abundance of 
lumber and accessibility to 
water meant that 
shipbuilding became major 
industries in region 

– E.g.  Barnegat Bay 
"Sneakbox" 

– Small, shallow draft, wide sail 
boat 

– Designed to be easily poled up 
into  reeds and camouflaged 

– Used as a duck blind

– Design adapted into variety 
of sizes for different uses

Early History of the Region
• In C19 shipping increased 

• Navigation in ever-changing 
channels of Barnegat and  
severity of storms in region 
took a serious toll

• 1830 - 37 > 125 vessels 
wrecked between Point 
Pleasant and Barnegat Inlet 

• Spring 1854, 7 ships wrecked 
within 13 days of one another

• 350 died in wreck of Powhatan 
off Long Beach Island

• Area dubbed "Graveyard of 
the Atlantic"

Early History of the Region
• Response:  Government 
erected "houses of refuge" 
with equipment for 
rescuing and sheltering 
shipwreck survivors every 5 
miles along the shore

• First was Phillips Station 
#14 on Long Beach Island,  
erected at turn of Century

• 1849 replaced and name 
changed to the Island 
Beach Life Saving Station 
#14 

• 1915 became United States 
Coast Guard stations

Early History of the Region

• 1835 40 foot  high 
lighthouse built on 
Northern Tip of 
Barnegat Inlet

• Replaced in 1858 with  
much taller (172 feet) 
lighthouse seen today 
("Barney")

• Built on same site and 
active until 1944

Early History of the Region
• February 15, 1850  
portion of Monmouth 
County south of 
Manasquan River was 
separated into 
Ocean County

• Charcoal industry 
for smelting bog 
iron, drove 
deforestation in  
Barnegat watershed 
during early 1800s

1895
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Early History of the Region
• Deforestation left many 
swampy areas 

• Useless for anything but 
cultivation of cranberries 
starting in 1850s

• About 1863 cranberry 
industry started to expand 

• Anyone who had (or could 
borrow) money bought up 
swamp-land and started to 
grow cranberries

• Price of swampland escalated

• Even pine-barrens brought a 
hundred dollars an acre 

Early History of the Region
• All of the acres of 
cranberries rapidly 
resulted in a glut 

• Prices fell and most  
entrepreneurs went bust

• By early 1900s bogs and 
woodlands mainly returned 
to wild places

• Next wave of land use... 
hunting and sport's fishing

• Birds were abundant and 
hundreds were often shot 
in a day by a single hunter

Early History of the Region

• Fishing also excellent

– Shad

– Sturgeon

– Crab fishing 

– Shellfish 

Early History of the Region

• During WWI an 820 foot 
high radio tower built by 
Germans was discovered on 
Mystic Islands 

• At the time it was the 
second tallest structure to 
the Eifel Tower

• Order to sink the Lusitania

may have come from it

• Tower seized and used by 
US for remainder of war

Early History of the Region

• 1960s and 70s, Ocean 
County was fastest-
growing county in U.S.

• Population has risen 7 
fold in 50 years

• 2000 ranked 5th

• High proportion of new 
residents senior citizens

• County currently has  
highest concentration of 
retirement communities in 
Northeast

• Major employer: health 
care industry!

Wildlife of Barnegat Bay
Plankton

• > 180 phytoplankton 
species recorded 

• Species composition 
varies seasonally

– Winter and early spring: 
diatoms 

– Summer and fall: micro-
and pico- plankton 
dominate, including 
numerous luminescent 
flagellates 
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Wildlife of Barnegat Bay
Phytoplankton

• Biomass highest during 
winter and spring diatom 
blooms 

• Cell numbers and 
productivity peak in summer

Zooplankton

• Dominated by calanoid 
copepods and rotifers 
dominate microplankton

• Peaks numbers usually occur 
in spring or early summer

Wildlife of Barnegat Bay
Zooplankton

• Strong spring blooms of 
meroplanktonic larvae

– Barnacle, mollusc and 
polychaete larvae

• Mysids and penaeids

• Comb jelly Mnemiopsis 
leidyi 

• Arrow wormSagitta sp

• Prey heavily on  
microplankton

Wildlife of Barnegat Bay
Benthos:

• Numerically dominant 
species:

– Bivalve Mulinia lateralis

– Polychaete, Pectinaria 
gouldi

– Gastropod, Acteocina 
canaliculata

• Most are opportunistic

• Large unpredictable 
variations in density

Wildlife of Barnegat Bay
Benthos

• Absolute numbers vary considerably

• Community species composition is rather stable in 
space and time

• System also supports a rich assemblage of mobile 
epifauna, including crabs, shrimp, and 
echinoderms

• Barnegat Bay and Little Egg Harbor have low 
numbers of large filter feeders

• Despite shallowness of estuary, benthos little 
effect on phytoplankton

Wildlife of Barnegat Bay
Nekton

• 90% of fish community:

– Bay anchovy (Anchoa 
mitchilli)

– Atlantic silverside 
(Menidia menidia)

– Fourspine stickleback 
(Apeltes quadracus)

– Spot (Leiostomus 
xanthurus)

– Winter flounder 
(Pseudopleuronectes 
americanus)

Wildlife of Barnegat Bay
Nekton

• > 100 species of fish (57 families) reported from Bay

• Many warm-water migrants (65% of species)

• 31% resident 

• Remainder: cool-water migrants (3%) and “strays” (1%)

• Resident and warm water migrants use system as 
nursery

• Fish abundance highest from May through November 
due to arrival of warm-water migrants and recruitment 
from spawning in estuary 

• Annual variations in abundance > 100% common
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Wildlife of Barnegat Bay
Nekton:

• Swimming crabs and 
Bottlenose dolphins and 
humpback whales found in 
the Bay in summer

• Many turtles (Loggerhead, 
Leatherback, Kemp Ridley, 
Green) pass during 
migration esp. in fall 

• Offshore fin whale and 
northern right whale may 
also pass through  in 
summer

Wildlife of Barnegat Bay
Nekton:

• Winter visitors to 
Bay region include 
harbor seals and gray 
seals 

• Forage for fish near 
the region's beaches 
and inlets between 
December and March

Wildlife of Barnegat Bay
SAV

• Both benthic macroalgae 
and vascular plant 
(seagrass) beds

• Seagrass beds confined to 
shallow edges (< 1 m)

• Eelgrass (Zostera marina) 
dominates seagrass 
community, especially on 
Bay’s Eastern edges 

• Widgeon grass (Ruppia 
maritima) also present, 
particularly in Eastern Bay

Wildlife of Barnegat Bay

Nekton:

• Swimming crabs, 
turtles and dolphin  
found in bay especially 
during summer

• Seals are common 
winter visitors

Wildlife of Barnegat Bay
SAV

• Both benthic macroalgae 
and vascular plant 
(seagrass) beds

• Seagrass beds confined to 
shallow edges (< 1 m)

• Eelgrass (Zostera marina) 
dominates seagrass 
community, especially on 
Bay’s Eastern edges 

• Widgeon grass (Ruppia 
maritima) also present, 
particularly in Eastern Bay

Wildlife of Barnegat Bay
Marshes

• Bay historically flanked by 
extensive saltwater 
wetlands dominated by

– Spartina alterniflora, S. 
patens, Juncus gerardi, and 
Salicornia virginica

• Spartina alterniflora
dominates low marsh 
habitats

• Short and tall growth 
forms common

– Taller form in areas of 
better soil aeration and high 
nutrient supplies (near creek 
edges)
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Wildlife of Barnegat Bay
Marshes

• Salt-meadow cordgrass 
(Spartina patens), spike 
grass (Distichlis spicata) 
and black grass (Juncus 
gerardi) dominate at higher 
elevation

• Then shrub-zone dominated 
by salt marsh elder (Iva 
frutescens) and groundsel 
(Baccharis halimifolia)

• Lowest salinity areas-
common reed Phragmites 
australis , narrow-leaved 
cattail Typha angustifolia, 
and bulrushes (Scirpus spp.)

Wildlife of Barnegat Bay

Birds

• Thousands of waterfowl 
and shorebirds use area 
for nesting 

– Great egret, piping plover, 
herring gull, and laughing gull

• Tri-colored herons, 
endangered least terns, 
black skimmers, and snowy 
egrets nest in area

• Populations of these 
species are in decline

Wildlife of Barnegat Bay
Birds

• Important stopover 
point for migratory 
shorebirds 

• Over wintering site for 
many species including 
American black duck 
and Atlantic Brant 
Geese 

• Migratory songbirds use 
coastal marshes and 
barrier islands as rest 
stop and for feeding 

Wildlife of Barnegat Bay

Birds

• Songbird species 
including 

– warblers, thrushes, 
tanagers, flycatchers, 
orioles, indigo bunting, 
blue grosbeak, and 
martins

• Use tidal marshes, 
maritime forests, and 
pine-barrens as 
breeding grounds 

Wildlife of Barnegat Bay

Birds

• Many birds of prey

– Golden eagles, bald 
eagles, and hawks 

• Pass through region 
during their (fall) 
migration

• Others, like Osprey, 
frequently nest and 
hunt in region 

Wildlife of Barnegat Bay
Insects

• Rich abundance of 
mosquitoes and other 
biting flies 

• Rich arachnid populations 
in marshes- esp. wolf 
spiders 

• Many dragonflies, but only 
one that breeds in 
estuary- seaside dragonlet

• As well as local species, 
thousands of butterflies, 
especially Monarchs, pass 
through region during 
migration between Mexico 
and South America 
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Wildlife of Barnegat Bay
Endangered species

• 19 NJ species 
federally-listed as 
threatened or 
endangered

• Endangered plants in 
estuarine region:

– American chafseed

– Knieskern's beaked-rush

– Sensitive joint-vetch 

– Swamp pink

Wildlife of Barnegat Bay
Endangered species

• Bay provides important 
habitat for several 
endangered animal 
species:

– Least tern, roseate 
tern, piping plover, bald 
eagle, peregrine falcon 
and Ipswich sparrow

– Diamondback terrapin 
also uses Bay for 
breeding 

• And of course… there’s 
also the Jersey Devil!

Human Uses of the Barnegat 
Bay Watershed

Residential

• Primary land use in Bay 

• < 1% watershed 
agricultural 

• Population increasing 
rapidly

• Since 1950 Ocean 
County's population 
increased 775% 

Human Uses of Barnegat Bay Watershed

• In 2001 30% of 
watershed area was 
developed, mostly in 
Northern portion of 
Barnegat 

• Cultivated / grassland and 
bare land was another 7%

• Proportion watershed 
developed increased by 
7,225 acres (30%) 
between 1995 and 2001, 
up from 28 % between 
1984 and 1995 and 21% 
between 1972 and 1984 

Human Uses of the Barnegat 
Bay Watershed

Residential

• Associated with  
development - loss of 20% 
of upland forest and 6% of 
wetland forest between 
1972 and 1995

• Worst closest to Bay - 71% 
shoreline buffer zone 
(<150m from water) 
developed or in altered use 

• Over 28% of Bay's 
marshes lost to 
development, mostly 
between 1940 and 1970
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Human Uses of the Barnegat 
Bay Watershed

Residential

• Wetland loss regulated by  Coastal 
Wetlands Law of 1970

• Since then about 1.5%  wetlands have been 
developed

• 90% remaining saltmarshes  currently 
protected by some form of public 
conservation ownership

• Wetlands still being altered 

– E.g. Mosquito ditching affects 2/3 of  Bay's 
Marshes

• Overall, about 34% of watershed is 
publically owned land, much of which, 
like Lakehurst, functions for natural 
resource conservation even if that’s 
not its primary purpose

Human Uses of the Barnegat 
Bay Watershed

Residential

• 70% of remaining 
undeveloped shoreline

• 50% of Barnegat Bay's 
Islands 

• 45% of inland forest 
habitat of watershed 
is under some form of 
public conservation 
ownership 

Human Uses of the Barnegat 
Bay Watershed

Tourism/Residential

• Generates $1 million / 
year in Ocean County 
alone. 

• Popular activities 
include hunting, 
swimming, fishing, and 
boating

• In 1988 > 53,000 boats 
and > 116 marinas and 
other boat launching 
sites in watershed

Human Uses of the Barnegat 
Bay Watershed

Tourism/Residential

• Island Beach State Park, 
Edward B. Forsythe 
National Wildlife Refuge, 
and Manahawkin Wildlife 
Management Area popular 
destinations for canoeists 
and kayakers

• Little Egg Harbor and 
Barnegat Bay heavily used 
by recreational fishermen 

• Many small businesses in 
region cater to anglers

Human Uses of the Barnegat 
Bay Watershed

Commercial Fisheries

• Barnegat Bay and Little Egg 
Harbor sustain important 
local and regional fisheries

• Estuary and its wetlands 
important nursery areas for 
many shellfish and finfish, 
many of which are 
commercially valuable

• Finfish harvested include

– Winter flounder, menhaden, 
white perch, inland silverside, 
northern pipefish, bluefish, and 
striped bass

Human Uses of the Barnegat 
Bay Watershed

Cooling water

• Oyster Creek Nuclear 
Generating Station power-
plant  built in the mid-
1960s on  western Bay, 
across from Barnegat 
Inlet

• Began operation Dec. 1969 

• Draws 1,739 m3 / min of 
cooling water from Oyster 
Creek and southern 
branch of Forked River
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Management Issues in Estuaries

• Most problems in 
estuarine management 
involve conflict 
between increasing 
human populations, 
and the “natural” 
system.

• These conflicts 
require creation and 
policing of policies for 
estuarine use

Management Issues in Estuaries

• Biggest issues for 
management of 
estuaries currently  
are: 

– Pollution 

– Changes in 
discharge patterns 
of tributaries 

– Use of wildlife 
(especially 
fisheries)

Nutrient Pollution

• Nutrients strongly 
affect estuaries.

• Point sources - localized 
input contributes 
significant amounts of 
nutrient 

– E.g. non-regulated sewage 
plant

• Non-point sources  -
broadly distributed, low-
level 

– E.g. farm, golf course

Nutrient Pollution

• Early regulation 
targeted point sources 

• Resulted in marked 
reductions in nutrient 
inputs from point 
sources

• Non-point sources much 
harder to control

– Many individuals involved

– Resistance from those 
being regulated 
(farmers, gardeners etc)

Nutrient Pollution
• Groundwater is 
important in nutrient 
budgets of many 
estuaries. 

• Managing groundwater 
nutrients is difficult as 
it takes  ages to travel 
from  source to estuary 

• Impacts of poor land 
management practices 
not seen for years

• Impacts of regulations 
similarly slow to be seen

Nutrient Status of the Barnegat Bay

• National Estuarine Eutrophication Assessment 

2008 suggested the Bay was in pretty bad shape
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Nutrient Loading to the Barnegat Bay

• Nutrients (N, P) enter estuary from urban 
stormwater, sewage treatment plants, 
atmospheric deposition, and boater discharges

• 450,000+ people live in watershed 

• More than doubles in summer 

• N-load to watershed increased from 441 metric 
tons / year in 1972 to 454 metric tons in late 80s

• > 75% of inputs associated with non-point source 
pollution (fertilizers and pesticides from 
domestic lawns and golf courses)

RELATION BETWEEN WATER QUALITY 
AND LAND USE/LAND COVER

10%

LAND USE/LAND 
COVER

NITROGEN LOADINGNITROGEN LOADING

Source: Hunchak-Kariouk and Nicholson, 2001INCREASING URBAN LAND Source: Hunchak-Kariouk and Nicholson, 2001

Nutrient Loading to the Barnegat Bay

Stackelberg et al., 1997 Cauller and Voronin 2007

Nutrient Loading to the Barnegat Bay
• DIN inputs from surface water 

118mmol N/m2/yr  (Ca 50% of 
total)

• Ground water: 13mmol N/m2/yr  
(11%)

• Atmospheric  100mmol/m2/yr 
(39%)

• Marinas contribute ca. 10 and 
boats another 1

• Nitrogen inputs larger in N. 
Estuary than in S.

• Once in Bay, organic nitrogen is 
87-90% of total N 

• Bottom sediments are major N-
sink

• Largest removal of N from the 
system (ca 70%) comes from 
export to ocean

DIRECT 

GROUND-

WATER 

DISCHARGE

12%

DIRECT ATM. 

DEPOSITION

34%

SURFACE 

WATER

54%

Source: Hunchak-Kariouk and Nicholson, 2001

ANNUAL NITROGEN INPUTS TO 

BARNEGAT BAY: 720,000 Kg—all 

from Non-Point Sources

Nitrogen 

Concentrations 

in Streams, 

1987-97

NITROGEN LOADINGNITROGEN LOADING

Source: Hunchak-Kariouk and Nicholson, 2001Source: Hunchak-Kariouk and Nicholson, 2001

Distribution of 

Nutrient Load (N and 

P) from Surface 

Water

Total N = 3.9 x105

kg/yr Total P = 1.0 

x104 kg/yr

NUTRIENT LOADINGNUTRIENT LOADING

Source: Hunchak-Kariouk and Nicholson, 2001
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Nutrient Loading to the Barnegat Bay

• Resulting eutrophication 
stimulates algal growth

• Frequently result in 
development of nuisance 
blooms (2-8million 
cells/liter)

• This limits extent of 
eelgrass beds in Bay

• Decomposition of algal 
biomass in warm Bay waters 
may cause hypoxia or 
anoxia, even in relatively 
shallow waters  

0.1 1 10 100

1

10

100

1

2
3

4
5 6

7 8
9

10

20
21

2223
24

2526
27

28

29

30

3132
33

34

11 1213

14 15

16
18

19

Buzzards Bay

Gulf Riga
Narragansett (prehistoric)

Guadaloupe Bay (dry yr)

Himmerfjarden

Mobile Bay

Back River

W. Scheldt

Boston Harbor

N. San Francisco Bay

Typical Terrestrial N Loads

TP Load (gP m-2 yr-1)

T
N

L
o

a
d

(g
N

m
-2

y
r-1

)

Nutrient Loads to
Estuarine Systems

Barnegat
Bay

Dilution is NOT the Solution to Pollution in Many Estuaries

• Dilution ratio a crude 
index of estuarine 
sensitivity to pollution 
effects

• Chesapeake Bay has 
extreme sensitivity

• Barnegat Bay has 
moderate to high 
sensitivity
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(Kemp et al. 2005)

Degradation Trajectories

• Positive & negative feedbacks 
control  paths of ecosystem 
change with Bay degradation

• Among other mechanisms, N & P 
inputs affect hypoxia & light

• Hypoxia leads to more nutrients, 
more algae, & more hypoxia

• Turbidity leads to less SAV 
causing more turbidity, less SAV

• Oysters & marshes tend to 
reinforce these feedbacks

(SOURCE: Valiela et al. 1997)

Phytoplankton

Phytoplankton

Macroalgae

Seagrass

Like Barnegat Bay

Nuisance Blooms
• Since mid-1980s intense blooms of 
picoplanktonic algae, dominated by 
non-motile chlorophye algae, 
Nannochloris atomus, with highest 
cell counts (> 3 million cells / ml) 
occur in  South Bay in summer 

• “Brown tide" blooms of  
Aureococcus anophagefferens have 
also occurred every summer from 
1995 - present, esp. in Little Egg 
Harbor 

• End of bloom seems to be 
associated with infection by virus 
specific to brown tide species
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Brown Tide Impacts in the Barnegat

• Maybe reducing juvenile hard clam 
(Mercinaria mercinaria) populations in 
region

– Stocks in Little Egg Harbor decreased by 
two-thirds between 1986 and 2001

• Brown-tide occurrence appears to be 
related to development and spread of 
‘wasting disease’ Z. marina. 

• Added light stress in brown tides allows 
spread of disease among populations.

Macroalgal Blooms

• Accelerated growth of drifting 
macroalgae (e.g. Ulva lactuca, 
Agardhiella subulata, 
Ceramium spp., and Gracilaria 
tikvahiae) produces extensive 
organic mats that shade seagrass 

• In addition, decomposition of 
thick macroalgal mats can 
promote sulfide accumulation 
and development of 
hypoxic/anoxic conditions in 
bottom sediments that are 
devastating to benthic infaunal 
communities.

Sea Nettle Blooms

• Before 2000 sea nettles were not 
common in Barnegat 

• Between 2000 and 2006 periodic 
blooms occurred especially in low 
salinity areas  

• Sea nettle blooms are coupled to 
elevated nutrient levels 

• Global warming also be aiding 
northward expansion of jellyfish 
blooms in U.S. estuaries. 

– Sea nettles thrive at temperatures 
above 25 ºC

Organic Loading

• Associated with 
sewage or fecal 
inputs, pulp and paper 
mills, and aquaculture 
operations

• Organic material can 
directly choke 
benthic systems, by 
coating  organisms 

• Also affects oxygen 
levels 

• Not a huge problem in 
Barnegat today

Changes in volume or timing 
of freshwater inputs

• Several causes

– Natural changes in 
pattern of 
precipitation 

– Changes associated 
with global warming

– Human intervention, 
e.g. diversion of rivers 
for irrigation, industry, 
bottling

Changes in volume or timing 
of freshwater inputs

• Decrease  in amount of fresh water reaching 
estuaries has important consequences for 
stratification and osmotic gradients within 
estuaries

• Increased use of surface- and ground-water 
also strongly impacts many estuaries, especially 
when sewage plants do not recycle treated 
waste-waters back into same drainage basin

– E.g. NJ sewage plants pump wastes into ocean, saving  
estuaries from potentially destructive pollutants

– BUT: Removes much normal freshwater flow from 
estuary
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• Freshwater withdrawals from surface and groundwater sources in 
Ocean County increased from 56 million gallons per day in 1985 to 
71 million gallons in 2000

• 70% of withdrawn water is for public supply

• Amount of water removed from watershed through sewerage 
outfall to ocean averages 60 million gallons per day in summer 

• Equivalent to 1/3 freshwater inflow to estuary under extreme low 
flow conditions

Changes in volume or timing of 
freshwater inputs

Changes in volume or timing 
of freshwater inputs

• Damming for reservoir or 
hydroelectric purposes  
affects estuarine flows 

• Also often strongly 
effects sediment input 
rates (sediments fall out 
behind the dam)

• Also affects nutrient 
dynamics: 

– Nutrients may attach to 
sediments

– Others may be stripped out 
by blooms in newly created 
water body

Changes in volume or timing 
of freshwater inputs

• Impervious substrates 
(roads, buildings, parking 
lots) change flow 
patterns

• When rain falls on soil, 
much water sinks in. Flow 
is slowed because it 
must pass between soil 
grains

• Natural soils and 
marshes act as buffers, 
preventing storm surges

Changes in volume or timing 
of freshwater inputs

• Human development of 
watershed increases % 
impervious substrates 

• Water delivery to estuary 
becomes more episodic

• Increases osmotic 
stresses 

• Associated constituents 
(nutrients, toxic 
chemicals) tend to be 
delivered in pulses 

• Harder for estuary to 
process 

Polluted Runoff and Stormwater Surges

• Sandy soils surrounding  
Barnegat Bay mean tight 
linkage between quality of 
shallow ground water and 
open water quality

• Increasing population 
density has resulted in  
watershed becoming 
increasingly developed and 
urbanized

• Many wetlands, forests etc. 
covered by impervious 
surfaces, such as roofs and 
pavement

Polluted Runoff and Stormwater Surges

• Average 20% watershed   
riparian zones developed or in 
altered use 

• In some sub-watersheds over 
50% developed

• Changes quality and patterns 
of delivery of water 

– Less natural land to absorb 
excess rain and filter 
contaminants

– Greater concentrations of 
contaminants such as oil and 
grease from streets and parking 
lots, bacteria, lawn care products 
and heavy metals in storm water 
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Polluted Runoff and Stormwater Surges
• Land use patterns mean polluted 
runoff bigger concern in 
northern Bay

• Natural substrates absorb 
rainfall and slow its flow

• Development reduces "buffering" 
of system against storm surges 
and increasing flooding in low-
lying areas

• Result: More pesticide and 
herbicides used in residential 
and agricultural areas, as well as 
more halogenated hydrocarbons 
enter Bay in surface water

– (These pollutants also enter 
estuary in ground water)

Habitat Loss and Degradation

Groundwater withdrawals 

• Impact estuarine flows:

– Reduce tributary base-flows 

– Reducing direct inputs of 
groundwater into estuary

• E.g. 1989 - 92 groundwater 
withdrawals from Kirkwood-
Cohansey aquifer were 5.87 x 
107 l/day

• Decreased average base flow 
in several watershed streams 
to < 12% of pre-development 
levels

Habitat Loss and Degradation
Ground water withdrawals 

• Ground water is important source of freshwater to Bay

• Increasing usage of ground water will significantly impact 
Bay’s water budgets 

• Other effects include lowered water tables and saltwater 
intrusion into aquifers

– Could limit supply of drinking water for local residents 

Trace Metals
• Industrialized estuaries 
often received high doses of 
trace-metals in past 

• E.g. Baltimore Harbor 
sediments so contaminated,  
researchers can’t handle  
them without hazmat 
equipment

• Particularly bad were 
smelting plants and 
photographic companies 
(AgNO3 used in developing)

• Some estuaries have high 
natural inputs from erosion 
of  metal-containing bed-
rocks in drainage basin

Trace Metals
• Trace-metals (especially 
tin) in anti-fouling paints 
are another problem

• Can lead to mutations e.g.  

– Impo-sex (presence of male 
genitalia on females, leading 
to sterility in advanced 
cases) in gastropods 

– Lesions on vertebrate 
livers

• Many anti-foulants banned 

• Even legal paints can still 
have impacts, especially 
when boats are in high 
density or flushing is poor

Trace Metals
• Wood preservatives for 
wood used in marine 
construction contain 
copper

• Presence of large 
quantities of bulk-
heading, especially in 
areas with poor flushing,  
results in copper 
accumulation in many 
shellfish and fin-fish 
species.

• Health effects for 
humans?C
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Trace Metals
• Sewage treatment 
concentrates trace 
metals in sludge

• Trace-metal 
concentrations in 
sludge can be fairly 
high

• Sludge usually 
dumped at sea, or 
recycled on land  not 
dumped in estuaries

Trace Metals

• Lower levels of trace metals present in 
sediments throughout Bay 

• In Barnegat Bay, cadmium, chromium, lead, 
mercury and zinc concentrations (often 
enriched near marinas) are high enough to 
adversely affect estuarine organisms

– Moderate to high concentrations of arsenic copper 
lead and zinc in sediments of Manasquan

– Arsenic, copper, lead and mercury in the Metedeconk

– Arsenic and lead in Double Creek Channel 

– Arsenic in West Creek 

Trace Metals
• Biomagnification of these toxins may pose 
health risks to humans and other predators 
within system

• High mercury levels found in eggs and feathers 
of several colonial-nesting bird species in 
Barnegat Bay

– Forster's tern, black skimmer, great egret and snowy 
egret

• Levels found in eggs of some were in range 
known to have serious impacts, such as 
increased embryo and chick mortality, reduced 
hatching and reduced chick weight

• Some of the metals of concern in estuarine environments (lead, 

cadmium) have declined in terns in Barnegat over past 30 years

• Mercury levels are higher than in early 1980s 

– Spike in 1999 is unexplained

J. Burger, M. Gochfeld / Environmental Research 94 (2004) 336–343

Trace Metals in Terns

Trace Metals in Terns Threats to the Bay
Pathogen Contamination 

• Disease-causing 
microorganisms in human 
and animal wastes enter 
the Barnegat Bay through 
urban stormwater, sewage 
treatment plant 
discharges, boating 
waste, and individual 
septic systems

• These organisms can 
result in illness in people 
who eat contaminated 
shellfish or who come in 
physical contact with in 
beach waters
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Bacterial and viral pollution
• Usually associated with input 
of raw sewage or animal fecal 
waste

• Often associated with older 
sewage disposal plants, 
especially when storm drains 
overwhelm  plant's processing 
abilities

• Other sources:

– Marine heads of boats

– Faulty soak-away systems 

– Animal feces from natural 
estuarine fauna and from 
surrounding  agricultural 
areas

Detection of bacterial and viral 
pollution

• Test water for coliforms

• Normally harmless 
bacteria - indicative of 
presence of fecal material

• When present, less 
common pathogenic 
bacteria or viruses (e.g. 
Salmonella or 
Legionnaire's disease) also 
may be present

Bacterial and viral pollution
• Most areas have limits on 
various water uses based on 
coliform counts 

– Shellfish harvesting banned at 
certain levels

– Swimming at another

• Monitoring carried out by 
county heath department

• Environmental crimes 
division comes in when  
evidence of leaking pipes etc 
in violation of country codes 

Threats to the Bay
Pathogen Contamination 

• Following heavy rains, many beaches closed for public 
health reasons

• Restrictions on shellfish harvests because of high  
pathogens levels are common in N. Bay and its tributaries

– E.g. 1990, 44 % shellfish beds harvested-limited, primarily due to 
pathogen contamination

Threats to the Bay
Pathogen Contamination

• In 2004, 80% of Barnegat Bay and Little Egg Harbor 
have had sufficiently high water quality to be classified 
as “Approved” for shellfish harvesting

• Between 2000 and 2004, 336 acres were upgraded and 84 
acres were downgraded

Threats to the Bay
Pathogen Contamination 

• > 20 back-bay beach closings 
each year reported from 1988 
to 1995 due to high fecal 
coliform counts

• In 70s elevated fecal coliform 
counts were mostly associated 
with sewage treatment plant 
outfalls 

• Since then they have tended to 
be associated with increased 
development and non-point 
source runoff
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Threats to the Bay
Floatable Debris

• Beach trash can be unsightly

• May also impact wildlife 

• Large amount of trash on Bay’s 
beaches

– October 1994, 2-day beach clean 
up: 73,700 pounds of trash from 
171 miles of NJ beaches

– > 66% plastic

– > 10% paper 

– 8% metal

– Remaining 15% made up of     
variety of other materials

Threats to the Bay
Pathogen Contamination

• From 1995 – 2004 number of 
closures ranged from low of 18 
in 2001 to high of 135 in 2004

• Variability largely due to 
number, duration and intensity 
of rainfall events immediately 
before and during recreational 
bathing season

• Largest number of annual 
closures occurred during 3 of 
past 4 years

Heat Pollution
• Many companies locate on 
estuaries to use abundant 
water as a coolant

• Water outflow is warmer 
than input

• Change in temperature of  
water downstream: 

– Changes kinds of plants and 
animals present

– Creates thermal barrier to 
movement through estuaries 
of anadramous or catadramous 
species

– Potentially interrupts animal’s 
migratory patterns  (e.g. 
Manatees in Florida)

Thermal loading
• Oyster Creek plant operates 
without cooling towers

• 1.4 billion gallons of water or 
2.3% total volume of Barnegat 
Bay passes through antiquated 
cooling system each day.

• Water temperature in the 
discharge canal can reach 110ºF

– Affects behavior, physiology and 
habitat utilization of aquatic 
organisms in area

– Warm water causes calcification 
(calcium precipitation) in receiving 
waters

Thermal loading
• Some behavioral changes include: 

– Increased metabolic rate of organisms resulting in decreased growth and 
survival, especially in summer when ambient water temperatures are at peak 

– Avoidance of Oyster Creek by certain species during summer and early fall. 

– Attraction to Oyster Creek during winter when species should have migrated 
out of the area due to cold temperatures can lead to large-scale mortality 
(due to thermal shock) when plant has planned or emergency shut down. 

• January 1972 - December 1982 reported 2,404,496 fish killed due to thermal 
shock including Atlantic menhaden, bay anchovy, bluefish, striped bass and 
weakfish

• Emergency shutdown on January 21, 2000 caused a 17ºF drop in water 
temperature in discharge canal in 15 minutes resulting in death of ~3500 fish 
including 2980 striped bass.

• Similar event November 11, 2001 caused a 7ºF drop in water temperature in 
discharge canal in 15 minutes resulting in death of ~1400 fish

• Scheduled shutdown on September 23, 2002 increased water temperature in 
discharge canal to 101ºF in less than an hour resulting in death of ~6,000 fish

Radionuclide Pollution
• Radionuclides may also enter Bay from Oyster Creek 
Nuclear Generating Station 

• Of 76 US nuclear sites, Oyster Creek reported 2nd
highest airborne releases of radionuclides with half life of 
eight days or more

– 76.8 curies released since 1970 (for comparison Three Mile Island 
Unit 2 1979 accident released 14.2 curies). 

• Reactor-released radionuclides (60Co, 137Cs, 54Mn) 
detected in water, bottom sediments, benthic marine 
algae, seagrass, hard clams, blue crabs, bunker, winter 
flounder, summer flounder, bluefish and several other fish

• Organisms collected near Oyster Creek had highest levels 
but detectable levels were found throughout bay

• Sediments near discharge canal have 60Co levels up to 63 x 
higher than those elsewhere in Barnegat Bay-Little Egg 
Harbor estuary
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Other Problems with Oyster Creek
• High in Chlorine (used as a biocide in 

plant's pipes)

– Directly kills phyto- and zooplankton 
entrained in cooling system 

– Can impact organisms residing in 
discharge canal and surrounding waters 

• Bigger problem is number of organisms 
crushed against intake screens after 
being entrained in intake waters

• Plant records indicate 32 
impingement and 14 mortalities of 
endangered sea turtles since 1992 

– 21 Kemp’s Ridley Sea Turtles, 9 
mortalities

– 7 Loggerhead Sea Turtles, 2 
mortalities

– 4 Green Sea Turtles, 1 mortality

Other Problems with Oyster Creek
• November 1984 - December 1985 22 million fish and invertebrates reported 

impingement (7 million in December 1985 alone).

• From September 1975 - August 1977 9.19x1013 microzooplankton (<500 µm 
including copepods and clam, snail, worm and barnacle larvae) and 4.24x1011

macrozooplankton (>500 µm including jellyfish, sand shrimp, grass shrimp, 
larvae of sandlance and American eels, eggs and larvae of winter flounder, and 
several crab species) were entrained 

• Once entrained, organisms are subjected to numerous and potentially fatal 
insults including: 

– 1) Thermal shock from the sudden increase in water temperature (12-13ºC). 

– 2) Shear and pressure forces from high water velocity and trapped air. 

– 3) Mechanical stress from contact with machinery, pumps, etc. 

– 4) Lethal levels of chlorine injected daily into the condenser section to reduce 
biofouling

• Negative effects are exacerbated by fact that facility increases water usage in 
summer, coinciding with peak concentrations of eggs, larvae and plankton in 
water column. 

Habitat Loss and Degradation

• Habitat loss from:

– Reclamation

– Marsh drainage 

– Other engineering works 

• Most important,  
hardest problem in 
estuarine management 
today

Habitat Loss and Degradation

• Increasing pressure 
to develop areas near 
estuaries 

• Great deal at stake:

– Money

– Potential employers

– Tax-base 

• At both state and 
municipal level

Habitat Loss and Degradation
Bulkheading

• Ca. 45% Bay Shore bulkheaded

• Chemicals leach from bulkhead 
materials cause problems

• Also contribute to storm 
surges by maintaining water in 
narrow channels

• Reduces amount of channel 
bank habitat

– Limits processing/filtration of 
nutrients and toxins 

– Negatively impacts abundance 
of channel bank organisms

Habitat Loss and Degradation
Habitat Fragmentation

• Diversity increases with size 
of  unbroken habitat patch 

• Division of habitat into 
fragments by water, roads, 
houses etc destroys not only 
organisms in impacted area, 
but also those which require 
larger areas of habitat for 
survival

• Forests in east watershed 
more  fragmented by roads 
and development than those 
in west 

• North Bay habitats more  
impacted than those in South 
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Habitat Loss and Degradation

Loss of Wetlands and 
Sea Grass Beds 

• NJ has lost > 584,000 
acres, (39% percent) 
of its original wetlands 
due to

– dredging 

– filling 

• Much wetlands loss has 
been along New 
Jersey's coasts

Habitat Loss and Degradation
Loss of Wetlands and Sea 
Grass Beds 

• Significant acreage 
coastal and freshwater 
wetlands  modified or 
destroyed

– 1953 – 1973 over 37,000 
acres of tidal wetlands 
were destroyed in Ocean 
County  (> 30 %)

– Approximately 8,850 ha 
of original tidal marsh 
remain

Habitat Loss and Degradation
Loss of Wetlands and Sea 
Grass Beds

• Barnegat Bay contains 75% of 
New Jersey's total SAV

• W. Bay – narrow band of Zostera 
marina

• E. Bay wider and larger meadows

• Little Egg Harbor Southern limit 
of eelgrass in New Jersey (?)

• In shallower and less saline 
water- widgeon grass Ruppia 
maritima

Loss of Wetlands and Sea 
Grass Beds 

Habitat Loss and Degradation
Loss of Wetlands and Sea Grass Beds 

• By 1950s eelgrass beds appear to have recovered from 
wasting disease epidemic of 1930s 

• 1970 –90 sea grass beds decreased over 33% (real or 
methodological?)

• Eelgrass probably negatively affected by nutrient inputs, 
dredging, boating etc. associated with population
increases over this period

• Summer 1995 - massive die-off of eelgrass in Central Bay 
region, reportedly due to wasting disease (Labyrinthula 
zosterae)

• Biomass of seagrass beds in the Barnegat Bay-Little Egg 
Harbor Estuary in 2006 decreased by 50-88% compared 
to 2004-2005 

Habitat Loss and Degradation
Loss of Wetlands and 
Sea Grass Beds 

• Losses and degradation 
of these habitats can 
dramatically affect 
environmental quality and 
biotic community 

• These effects may 
result in loss of overall 
biodiversity, and perhaps 
loss of numerous 
endangered plant and 
animal species in area
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Habitat Loss and Degradation
Dredging

• Fine Bay sediments and shifting 
Barrier Island sands makes dredging  
more or less a necessity to maintain 
access to Bay for boats 

• Barnegat Inlet realigned in 1987-
1991 to try to reduce sedimentation 
in channel

• Dredged annually to maintain 16 feet 
channel

• Sediment removal in inlet exceeded 
200,000m3/yr from 1993 to 1997, 
with largest volume of sediment 
dredged in 1997 (277,692m3)

• Sediment is either used in beach 
replenishment or dumped offshore

Habitat Loss and Degradation
Dredging

• Negative effects:

– Direct impact on 
organisms in dredged 
area

• Removes them and/or 
sediment they live in

– Indirect effects :

• Suspension and lateral 
transport of fine 
sediments may shade 
out eel grass beds, or 
suffocate sedentary 
organisms, e.g. oysters

Habitat Loss and Degradation
Dredging

• If sediments contain toxic 
contaminants, dredging may 
reintroduce them to water 
column (e.g. dredging of 
Oyster Creek (1998, 1999)

• Recently amount and timing 
of dredging efforts 
strongly regulated, as has 
dredge spoil disposal 

• Unlikely to completely 
eliminate dredging in this 
region 

Recreational Uses of Estuaries

• Boats, jet skis etc. 
have strong 
environmental 
impacts

– Engines poorly 
regulated 

• Often have high 
emissions levels 

• Renowned for 
leaking oil into 
water 

Habitat Loss and Degradation
Recreational Boat Use 

• Definition of "extreme critical" 
boating use intensity from 60s

– Level that has significant toxic 
effect on fish life 

– That which results in use of 18 
gallons of fuel / acre-foot of lake 
volume / year

• "Saturation Boating Use“ from a 
study of 5,100 acre Lake 
Geneva, Wisconsin 11 years later

– That which results in 15 gallons / 
acre-foot / year fuel use assuming 
a 5 month boating season 

Habitat Loss and Degradation

Recreational Boat Use 

• Calculated fuel use on 
the Bay in 1990 was 
10,344,000

• Represents a usage level 
of 50 gallons / acre-foot 
/ year

• Study hasn't generated 
discernible concern

• What were once "worst 
case" levels of boating 
activity are now "normal"
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Habitat Loss and Degradation
Recreational Boat Use 

• Direct physical stresses on 
aquatic organisms from vessel 
operation:

– Impacts by propellers or hull parts 

– Propeller-generated turbulence 

– Shear forces

• Little known about how large 
these forces are for specific  
engine or boat-types

• Force needed to cause injury or 
death to different organisms 
also unknown 

Habitat Loss and Degradation

Recreational Boat Use 

• In lab tests on paddlefish 
and carp, significant larval 
mortality seen at levels of 
turbulence caused by boat 
engines

• Disturbances to water 
column by boats and their 
engines may injure or kill 
aquatic organisms especially  
more vulnerable eggs and 
larval stages

Habitat Loss and Degradation

Habitat Loss and Degradation- Recreational Boat Use 

• Estimating volume of water swept by a boat 
propeller moving at 30 mph

• 19,000 boats in commercial storage (marina slip and 
rack) sweep volume of water equivalent to  entire 
volume of Bay in 3 hours of combined operation

• Organisms of bay, esp. more fragile eggs and larvae 
likely to be strongly affected by summer levels of 
boat-use

• Summer is time when vulnerable forms are most 
numerous

Habitat Loss and Degradation
Recreational Boat Use 

• Based on boat engine fuel sales and engine emissions ca. 
200 - 500 tons engine emissions enter Bay annually

• Many species such as anchovy, bluefish,  striped bass, 
weakfish, summer flounder, American oysters and hard 
clams spawn in Bay

• Larval development/ maturation in peak of boating 
season

• Larvae generally in upper water column, where likely to 
contact freshly input toxins

• Eggs, larvae or juveniles highly susceptible to toxins

• Organisms already stressed by low oxygen levels and/or 
high water temperatures

• Not surprising experiencing serious stock declines

Habitat Loss and Degradation
Recreational Boat Use 

• Increased turbidity and 
disruption of stratification: 

• Proportion of turbidity  
attributable to boating 
activity and its impacts vs. 
that normal turbidity or from 
other human activities is 
difficult 

• In shallow bays with silty 
sediments, like Barnegat, 
boating may be important in 
resuspending sediments and 
in keeping them in suspension 

Recreational Boat Use
• Erosion of marshes and 
mudflats along  shore 
by wakes

• Damage to grass beds, 
oyster beds and, to a 
lesser extent, marshes 
by propellers (prop 
scars)



6/25/2010

25

Habitat Loss and Degradation

Recreational Boat Use 

• Turbines and boat 
wakes may also 
contribute to increased 
turbidity indirectly by 
making nutrients more 
available to 
phytoplankton

• Intense boating activity 
might disrupt estuarine 
stratification, but this 
has never been 
documented

Recreational Boat Use

• Regulation of 
access and / or 
boat speeds to 
reduce damage may 
be attempted using 
posted signs

• Policing is often 
weak and 
ineffectual 

• Damage continues 
to be a problem 

Habitat Loss and Degradation
Recreational Boat Use 

• Pollutants from boat engine 
emissions likely to be a problem

• Hydrocarbons and heavy metals 
from boat engines adsorb to 
suspended particles and 
flocculent layers of bottom 
sediments

• In high concentrations, such 
microlayer-contaminants result 
in increased chromosomal 
aberrations in developing fish 
embryos and reduced hatching 
rates of sole fish eggs

Other problems from recreational boating

• Poorly regulated 
sewage disposal 
from marine heads

• Poor garbage 
disposal practices 
of many boaters add 
to estuarine 
pollution

Fisheries
• Organisms in 
estuaries hit 
from all sides:

– Severe habitat 
reductions or 
reductions in 
habitat quality

– Increasing 
pressure from 
both commercial 
and recreational 
fisheries

Fisheries
• Result:  Many estuarine 

species (oysters, scallops, 
salmon, striped bass etc) 
have  declined in abundance 
in recent decades.

• Regulation by licensing, 
size limits and catch limits 
is hard to achieve 

– Fishermen are popular

– Regulation of fishing often 
heavily opposed by voters 
(recreational) and lobby 
groups (commercial)

Nantucket Scallops

(bushels)
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Status of Major Fisheries in 
Barnegat Bay

• Eel landings started in 
1950s and gradually 
increased to maximum of 
31,311 kg (69,579 lb) in 
1971

• 1989 to 1994 annual 
commercial landings of the 
American eel in Barnegat 
Bay declined from 17,303 
kg to 4,095 kg (9,100 lb to 
38,450 lb)

• No more recent data 
available 

Status of Major Fisheries in 
Barnegat Bay

• Rapid decline in winter flounder landings between 
1989 and 1991, from 2,671 kg to 1,175 kg (5,935 
lb to 2,610 lb)

• Changes in management (harvestable size limits, 
bag limits) resulted in relatively strong recovery 
to levels consistently near 1,800 kg (4,000 lb) 
since then

Status of Major Fisheries in 
Barnegat Bay

• In 1988 clam fishery contributed 80% 
value of commercial fisheries in Ocean 
County ($2.2 million)

• Nearly three-fold drop in hard clam 
landings between 1989 and 1990, from 
370,090 kg to 133,533 kg (822,423 lb to 
296,740 lb)

– Decrease from 70.1% to 23.9% of total 
hard clam landings in New Jersey. 

• 1990 -2000, landings slowly declined to 
29,691 kg (65,981 lb) representing only 
3.8% of total NJ landings 

• Result of overharvesting and poor 
recruitment success

Reported landings for hard clams in Ocean County
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Chart by G. Calvo based on NMFS data

Status of Major Fisheries in 
Barnegat Bay

• Considerable variation in annual 
landings for blue crabs in Barnegat 
Bay from 1989 to 1997 

• Peaks in 1991 (526,478 kg; 
1,169,950 lb) and 1993 (627,404 
kg; 1,394,230 lb)  

• After 1993, landings in Barnegat 
Bay dropped steadily to a low of 
207,423 kg (460,939 lb) in 1996.

• Increased to 352,066 kg (782,369 
lb) in 1997

• From 1989 to 1997, blue crab 
landings in Barnegat Bay were 8.4% 
- 23.5% of total NJ blue crab 
landings

Costs of fishery declines

• Solid line = average actual catch of summer flounder per month for 
1997-2002. 

• Used statistical model to predict summer flounder catches under 
improved water quality conditions

• Using net value for mid-Atlantic fisheries estimated eutrophication 
impacts cost Barnegat Bay fishermen an average of $25.4 million per 
year for this species alone (Bricker et al. 2007).
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Fisheries
• Management strategies 

have had mixed results

– Striped Bass populations 

responded positively 

when a moratorium was 

placed on catching them

• However, regulations 

on harvest of scallops 

and oysters, have often 

failed to produce 

positive results

Oysters in 

Chesapeake Bay

Current Management 
Practices in Estuaries

• Need to manage multiple 
uses of estuaries to 
maximize balance 
between human uses and 
requirements for 
ecosystem health

• Estuarine Management is 
generally divided into

– Policy

– Planning 

– Practice

Adaptive Management Framework
• Ongoing 
knowledge 
acquisition 

• Critical role of 
monitoring

• Continuous 
improvement in 
identification and 
implementation of 
management

• Effective 
communication of 
knowledge for 
policy/planning

Policy
• First step: identify  
environmental quality 
standard policy is 
intended to obtain or 
maintain

• Policy may be 
determined by national 
or international 
regulations

• Alternately, it may be 
set by “state by state” 
or “system by system” 
basis

Policy
• International policies regulating discharge of toxic 
substances to estuarine waters (developed at “Paris 
Convention, and later at “London” and “Oslo 
Conventions” recognizes two levels of contaminants:

– Black list substances: should be banned or 
substantially eliminated from discharges.

• E.g. organohalides, organophosphorus, organotin, mercury 
and cadmium

– Grey list substances: discharge permitted in carefully 
controlled quantities. 

• E.g. Zn, Cu, Pb, Se, As, Mo, Sn, Co, also biocides, inorganic 
P and P compounds, cyanides, fluorides, nitrates and 
ammonia

Policy
• LD50 type tests often 
used to determine 
permitted levels of grey-
list toxicants in 
discharge

• Do not account for long-
term effects of sub-
lethal concentrations of 
a pollutant

• Ease and reliability of 
acute toxicity testing 
means it’s the main tool 
in determining guidelines 
for effluent discharge
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Policy
• EPA and Coastal Zone Management Act 
(CZMA) are mainly responsible for protecting 
US coastal ecosystems at federal level

• Individual States regulate their own shoreline 
so Standards for estuarine management vary 
from State to State

• Difficult to maintain Federal consistency

Environmental Quality 
Objectives (EQOs) 

• Example EQOs for typical estuary:

1. To protect all existing defined uses of the estuarine 
system (e.g. bathing, boating, water use for 
agriculture and effluent disposal). 

2.To protect the ability to support the benthic biota 
necessary to sustain fisheries. 

3.To maintain accessibility of the estuary to passage by 
migratory fishes at all stages of the tide. 

4.To ensure levels of chemical and microbial 
contamination low enough to prevent ill effects from 
ingestion/contact by man or other organisms

Policy
• All EQOs except effluent disposal 
require unpolluted estuary 

• Disposal of effluent must be 
controlled

– Reduction of volume

– Improved treatment quality 

– Good dispersion of outfall

• Near estuary mouth mixing and flow 
improve dispersal

• Inner estuary has higher retention

• Amount and standard of effluent 
release needs different regulation 
depending on part of estuary into 
which effluent is released

Policy

• Objective 2: To protect  
ability to support  
benthic biota necessary 
to sustain fisheries 
requires:

– No discharge into estuary 
may obliterate fauna near 
outflow (e.g. pulp and 
paper effluent)

– Avoidance of dredging 
and other engineering 
schemes that destroy 
benthic habitat

Policy
• Objective 3:  To maintain 

accessibility of estuary to 
passage by migratory fishes 
at all tidal stages requires:

– Regulation of physical 
structures such as 
damming

– Prevention of such 
barriers as hypoxia or 
anoxia

– Regulations need to be 
stringent enough to cover 
most problematic period, 
rather than average 
condition, or less 
problematic period

Policy

• EQOs unjust?

• “Unfairly" penalize inland towns or industries 
versus those nearer coast 

• In some cases “Uniform Emission Standards” 
adopted 

– Equal controls or standards applied to all effluents, 
regardless of position in estuary
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• Once standards established, manager must determine 
rate at which inputs enter estuary

– Concentration of pollutant * rate of flow = load

• Assessment of loading is often difficult, as many 
pollutants have wide variations in both  concentration 
and flow rates

• Then permissible levels of pollutant discharge must be 
selected to allow estuary to maintain/achieve desired 
environmental quality

• Permissible allowable inputs of some ("red list") 
materials may be regulated at specific levels regardless 
of nature of water body into which they are discharged. 

Planning: Resource Allocation Implementing management program
• First assess state of estuary at all times of year

– Water quality

– Condition of biota

• Identify and analyze discharge sources 

• Regulate major sources by issuing permits for 
permissible effluent volume and composition  

– Based on what's known about estuary 

– Local or national standards for red, black and grey lists

• Don’t always have all necessary background 
information before issuing permits 

• Permits may be issued on provisional basis and be 
modified if later shown that effluent has deleterious 
effects 

Implementing management program

• Study estuary so patterns of input and 
flushing are known

• Use data to determine ability of estuary to 
disperse, degrade or assimilate pollutants 

– Solution to pollution is dilution!

Implementing planning decisions
• Estuarine management 
can  produce 
spectacular results 

– E.g. Clean-up of 
Delaware Estuary 

– > 6 million people in  
watershed 

– America's second 
busiest port

– Second largest 
complex of oil 
refineries and 
petrochemical plants

– One of world's 
largest concs of 
heavy industries

Implementing planning decisions
• Years of pollution and eutrophication lead to Delaware 
estuary being essentially dead

• Long-term management program resulted in estuary 
supporting a variety of plants and animals and even a 
recreational fishery again 

Implementing planning decisions
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Implementing planning decisions Implementing planning decisions

1998 Data

SOURCE:CHESAPEAKE BAY COMMISSION 2007

Reduction of Point 
Source Loads

Chesapeake 

•New $ to improve 
WWTP in MD

• 63 largest plants to be 
upgraded

• Discharges to go from 
18 mg/l to 3 mg/l for 
nitrogen

• Huge task…but now 
underway

A major Cover Crop 
Program Underway

Conservation Practices Deliver Water Quality 
Benefits

Storm Water Management: 
Wet Pond Example

Pollutant Removal 
Efficiencies: 

TSS:  46%

TP:  46%

TN:  32%
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Trajectories of Response to Nutrient Loading

• Theory suggests alternative ecosystem 
response to changes in environmental 
conditions (e.g., nutrient loading, 

climate)

• Responses can follow ~linear pathways 
with direct proportional response (a)

• Responses can exhibit multiple stable-
states w/ abrupt transitions and hysteretic 
patterns where degradation and restoration 
follow different trajectories  

• Distinguish thresholds & hysteresis only w/ 
data for nutrient increase & decrease

• Responses can follow “sigmoidal” shape 
w/ apparent threshold shift within 

narrow range of environmental conditions 
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Restoration

• Increasingly realize that, once a system is disturbed, 
restoration may require more than simply reversing to 
pressure present when damage was first apparent

• May have to return system to much lower level of 
pressure before recovery is seen

Advances In Management of Barnegat 
Bay Region

Designation of Pinelands 
Reserve: 

In 1983, approximately 
one million acres of 
New Jersey's pine 
barrens was 
designated as Pinelands 
International 
Biosphere Reserve

Advances In Management of Barnegat

National Wildlife Refuge System Volunteer and 
Community Partnership Act

1998 National Wildlife Refuge System Volunteer and 
Community Partnership Act 

– Allows individuals to donate to particular (specific) 
refuge

– Authorizes refuges to make cooperative agreements 
with local nonprofits to work on projects or to 
provide services to refuge

– Set up pilot programs involving full-time volunteer 
coordinators. 

• So far program only implemented at select 
refuges including Edwin B. Forsythe Refuge  

Advances In Management of Barnegat

Federal Funding for NJ Wildlife Refuges

1998 U.S. Congress approved federal funding for the land acquisitions at 
N.J. wildlife refuges

1999 appropriations bill provided $1,000,000 for Cape May National 
Wildlife Refuge, and $750,000 for Forsythe National Wildlife 
Refuge

Over last decade decreased federal funding for wildlife refuges has 
created an operations and maintenance backlog of $2.5 billion. 

one in three refuges in the United States is operating without a single 
staff member, and has only one full-time law enforcement officer for 
every 555,000 acres. 

In NJ, refuges are operating with 14% fewer staff members (about 60 
fewer positions) than in 2006. The system is currently poised to lose 
20 percent of its staff nationwide.

Fiscal year 2008 National Wildlife Refuge system was allocated $434 
million, an increase of $36 million over 2007. Before that, no 
increases for three consecutive years, while costs went up 3 to 5 % 

Estuarine Preserves
• Still hard to balance 
requirements of reserve 
with public access
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Advances In Management of Barnegat

High-speed Power Vessel Legislation 1999

• Prohibit power vessels from operating at high speeds in 
sensitive coastal waters

• Ban power vessels in shallow marine tidal waters of less 
than 12 inches in depth 

• Require NJ Boat Commission and NJ DEP to identify and 
map environmentally sensitive tidal waters

• Impose fines on craft violating these rules up to $5,000 

• Individuals convicted of damaging wetlands or marshes 
could be made to reimburse DEP for restoration

• NJ Marine police, local municipal police and officials of 
DEP assigned to enforce law, but chronically 
understaffed, so little enforcement really happened

Advances In Management of 
Barnegat

NOAA Awards Grants to 
Study Harmful Algal 
Blooms: 

$2.4 million in research 
grants to study the 
causes and consequences 
of harmful algal blooms 
and similar organisms in 
the Mid-Atlantic coastal 
waters (this includes NJ 
coastal waters)

Advances In Management of 
Barnegat

DEP Manasquan River Watershed Project

• Designed to develop and demonstrate "sustainable 
watershed management' in NJ coastal zone

• Manasquan River watershed population increases 82% 
during summer months and high shipping volume passes 
through Manasquan Inlet every year

• High pressure on ecology, including important fish and 
shellfish resources

• Project will develop framework to bring stakeholders 
together to characterize watershed, identify and 
prioritize issues of concern, develop environmental 
management goals and objectives, and identify indicators 
to monitor to document management strategy 
effectiveness 

Advances In Management of Barnegat

Manasquan River and Shark 
River Estuaries Receive "No 
Discharge" Designation: 

1998 : Areas formally 
designated as New Jersey's 
first "No Discharge" Areas

Direct overboard discharge of 
treated sewage from vessels 
in the Manasquan and Shark 
Rivers prohibited

National Estuary Program

• Section 320 of Clean Water Act established 
National Estuary Program in 1987.

• Directs USEPA to convene a “Management 
Conference” to develop plans (CCMP) for attaining 
and maintaining water quality in an estuary.

• CCMP includes protection of public water supplies; 
the protection and propagation of native 
populations of shellfishes, fishes, and wildlife.

• CCMP allows recreational and other activities; 
requires control of point and nonpoint sources of 
pollution.

Advances In Management of Barnegat

Barnegat Bay National Estuary 
Program

• July 1995: Barnegat Bay officially 
designated “estuary of national 
significance... threatened by 
pollution, development and 
overuse" under National Estuary 
Program of Clean Water Act 

• EPA convened a Management 
Conference responsible for 
coordinating the development of a 
Comprehensive Conservation and 
Management Plan to restore and 
protect the Barnegat Bay. 

• CCMP completed in 2001
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• Strengthen BBNEP.

• Reduce eutrophication & improve water 
quality. 

• Address water supply & flow issues.

• Prevent habitat loss & support habitat 
restoration.

• Address fisheries declines.

2008-2011 Strategic 
Plan Priorities

Advances In Management of Barnegat

2001: New Jersey's first 
Marine Conservation 
Zone created around the 
sedge islands at Island 
Beach 

This allows protection of 
natural resources, 
including prohibition of 
jet-skis 

Advances In Management of Barnegat

• Western Hemisphere 
Shorebird Reserve 
Network (2001)

– Edwin B. Forsythe National 
Wildlife Refuge 

– Part of system of 
international sites used by 
shorebirds throughout 
migratory ranges

– Work to develop science and 
management tools that 
expand scope and pace of 
habitat conservation at each 
site within Network

Integrated Protected and/or
Management Area (20??)

Type of Monitoring

1900 -

1950

1950-

1970 1970's 1980's 1990's 2000-present

Public Health

Seafood Safety

Recreational Bathing

Ecosystem Health

Fresh Water

Marine Water

Basic water quality

Benthic Community

Sediment Quality

• Currently working to create this 

• Based on existing and new long-term water monitoring in 

Barnegat Estuary

NJDEP, BBNEP,
Monmouth Univ. 

NJDEP
Rutgers Univ. 

Remote
Sensing

for
Chlorophyll

Continuous
Sensors

Vessel-Based
Monitoring

NJDEP

USEPA

Integrated Protected and/or
Management Area (20??)

Data Assessment & 
Interpretation Phase

• At what level of nutrients 
does estuary become 
impaired? 

• How quickly do pollutants 
move through the estuary?

• What are most important 
organisms (species) to 
include in a measure of 
estuary’s health?

Winter
Nitrate Levels
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Integrated Protected and/or
Management Area (20??)

• Developing method for 
comprehensive estuarine 
ecosystem analysis

• Building on USEPA’s National 
Coastal Assessment and 
NOAA’s National Estuarine 
Eutrophication Assessment.

• Adding measures such as SAV 
bed health and macroalgal
abundance critical to Barnegat 
Bay

• Expected completion of index 
by December 2009

Collaborative effort between
NJDEP, USEPA/ORD,

USEPA/Region 2, Rutgers
University, NOAA

Specific Needs for Monitoring Water 
Quality of Barnegat Estuary

• Maintain improvements made to monitoring estuary in 
recent years

• Establish consistent, long-term monitoring of key biological 
measures of ecosystem health.  Needed to assess:

– Impacts to estuary

– Degree of success of actions to mitigate those impacts

• Develop detailed modeling of hydrography of estuary

– Tidal flushing

– Relative roles of surface and ground water flows into estuary.  

• Needed for better understanding of fate of pollutants entering 
estuary and to better model effects of proposed management actions 
prior to implementation.


