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All of Long Island is a watershed -
Materials on land eventually enter our groundwater and surface water.



2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6

3.8

1980 2000 2020

N
itr

og
en

 (m
g/

L)

Expanding population, nitrogen levels

Suffolk County groundwater

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Population of Suffolk County



More people = more nitrogen 
Most nitrogen loading from wastewater (Kinney and Valiela, 2011; Lloyd 

2014, 2016; Gobler and Stinette, 2016; CDM-Smith, in prep)





“A Safe 
Operating 

Space 
for Humanity”

-Rockstrom et al 2015; 
Stockholm Resilience Centre, 

Stockholm University



Image from Nature October 2012

Healthy marsh Nutrient weakened

Healthy roots Nutrient weakened

“Coastal eutrophication as a driver of salt marsh loss”, Deegan et al 2012, Nature



0

10

20

30

40

50

60

70

80

90

M
anhasset, K

ings Point

M
anhasset, Plum

 Point

M
anhasset, M

anor H
aven

South M
anhasset B

ay

N
issequogue R

iver

Stony B
rook H

arbor

Flax Pond

M
ount Sinai H

arbor

Peconics, C
orey C

reek

Peconics, C
edar B

each C
reek

South O
yster B

ay, G
ilgo Is.

South O
yster B

ay, G
oose Is.

W
estern B

ays, M
iddle B

ay

W
estern B

ays, East B
ay

Pe
rc

en
t l

os
s s

in
ce

 1
97

4
Loss of wetlands on Long Island, since 1974

NYSDEC survey data

Nassau County, North Shore

Suffolk County, North Shore

East end Suffolk County
South Shore

Nassau County
South Shore



Seagrass: 
Critical habitat 

for fish and 
shellfish



NYS seagrass, 1930 - 2030

NYSDEC Seagrass Taskforce Final Report, 2010; Suffolk County assessment, 2014
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Phytoplankton

CH2O + O2 CO2 + H2O
Respiration

Excessive N loading leads to low oxygen

Consumed Produced

“More algae and warm temperatures during summer make bacteria hyperventilate”



Sediment

The day – night cycle of hypoxia / low oxygen

Photosynthesis produces oxygen
Respiration consumes oxygen

Oxygen high

Sediment

No photosynthesis
Respiration consumes oxygen

Oxygen low

NightDay



0

1

2

3

4

5

6

G
re

at
 P

ec
on

ic
 B

ay

Li
tt

le
 P

ec
on

ic
 B

ay

M
ou

nt
 S

in
ai

 H
ar

bo
r

W
es

te
rn

 G
re

at
 S

ou
th

…

So
ut

h 
O

ys
te

r B
ay

Fi
re

 Is
la

nd
 In

le
t

M
at

tit
uc

k 
In

le
t

Po
rt

 Je
ffe

rs
on

 H
ar

bo
r

Ea
st

er
n 

G
re

at
 S

ou
th

 B
ay

Sa
g 

Ha
rb

or

Sh
in

ne
co

ck
 In

le
t

St
on

y 
Br

oo
k 

Ha
rb

or

Ea
st

er
n 

Sh
in

ne
co

ck
 B

ay

Hu
nt

in
gt

on
 H

ar
bo

r

M
id

dl
e 

Ba
y

O
ys

te
r B

ay
 H

ar
bo

r

Q
ua

nt
uc

k 
Ba

y

He
w

le
tt

 B
ay

W
es

te
rn

 S
hi

nn
ec

oc
k 

Ba
y

Ea
st

er
n 

M
or

ic
he

s B
ay

Ce
nt

ra
l M

or
ic

he
s B

ay

Ce
nt

ra
l G

re
at

 S
ou

th
 B

ay

He
m

ps
te

ad
 H

ar
bo

r

Co
ld

 S
pr

in
g 

Ha
rb

or

N
or

th
po

rt
 H

ar
bo

r

Fo
rg

e 
Ri

ve
r

W
es

te
rn

 F
la

nd
er

s B
ay

Pe
co

ni
c 

Ri
ve

r

Th
re

e 
M

ile
 H

ar
bo

r

M
in

im
um

 d
iss

ol
ve

d 
ox

yg
en

 (m
g/

L)
Minimum dissolved oxygen, summer 2017

Best Worst

Good

Fair

Poor

Good, fair, poor based on NYSDEC standards

13 sites experienced anoxia (no oxygen)

One site was good

Six sites were fair

22 sites were poor



Does low DO matter?
Minimum dissolved oxygen, summer 2017

= Good
= Fair
= Poor

Does low DO matter? August experiment

Eastern oyster Hard clam



• Similar trend found for hard clam growth (R2=0.6)

• Remember low DO also means concurrent acidification.

• Oyster survival; R2=0.88, 
p<0.01

• Oyster growth; R2=0.82, 
p<0.01
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Samples for eelgrass genetic analysesHarmful algal blooms across Long Island

Brown tide Rust TidePSP DSPToxic blue green algae Seaweeds



History of Harmful Algae on Long Island

1951 – 1954,
Green tides,
Chlorophytes

1951
Closure 

of 
Moriches 

Inlet, duck 
farms 

common

1954
Moriches
Inlet
opened, 
green tides 
end

1954 – 1985,
30-yr HAB free

1985 - First 
brown tide 
caused by 

Aureococcus

2004 - First 
rust tide 

caused by 
Cochlodinium

2006- First PSP 
event caused 

by Alexandrium

2008 - First 
DSP caused by 

Dinophysis

2003- First 
toxic blue 

green algae 
bloom



More nitrogen makes harmful algae on Long Island grow faster 
and/or more toxic

Brown tide

Toxic blue green algae

Studies: Hattenrath et al 2010; Gobler et al 2011, 2012; 
Gobler and Sunda 2012; Harke and Gobler 2013, 2015 
Hattenrath-Lehmann et al 2015A&B; Gobler et el 2016; 
Harke et al 2016.
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Alexandrium red tides and paralytic shellfish 
poisoning (PSP) on Long Island

Alexandrium
Saxitoxin



PSP-producing Alexandrium across LI: 
2007-2017

= cells not detected
= < 100 cells L-1

= > 1,000 cells L-1

= 100 - 1,000 cells L-1

**circles represent the highest observed densities at each site** 

~1020 time points

• Alexandrium found at 62 of 76 sites sampled (82%)





Linking land-derived nitrogen to PSP 
and turtle deaths

(Hattenrath et al 2010; Hattenrath-Lehemann et al 2017)

• Hattenrath et al 2010: Nitogen promtes PSP events
• Hattenrath-Lehemann et al 2017: PST in shellfish in 2015 was likely high enough to cause or 

contribute to the mortality terrapin turtles.



Brown tides caused by Aureococcus



Impacts of brown 
tides in USA

NY bay scallop landings

After 
bloom

Before 
bloom
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Frequency of brown tide before and 
after New Inlet in Great South Bay
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2013-2017 were first five consecutive years of brown tide in GSB, ever.
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Brown tide – nitrogen link

Spring 
macro- or 

micro-algae 
bloom

Initial algal 
bloom decays 

as waters 
warm releasing 

organic 
nitrogen Brown tide 

fueled by 
organic  

nitrogen

Excessive 
nitrogen 

loading to 
bays



Freshwater cyanobacteria and their toxins

Microcystin – gastrointestinal toxin Anatoxin-a – neurotoxin

Anabaena





~400 confirmed cases: “The canine cyanotoxin
poisoning events reviewed here likely represent a 

small fraction of cases that occur throughout the U.S. 
each year.” - CDC



NYSDEC blue green algae page
Blooms across NYS tracked weekly May - Nov





Where are blue green algal blooms most common?



Number of lakes listed for blue green 
algae by county in NYSDEC in 2017

62 Counties in NYS; 47 counties with blue green algal blooms
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Number of weeks lakes listed for blue 
green algae per county, 2017
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Phosphorus and freshwater cyanobacteria

Watson et al. 1997





Microcystis blooms promoted and/or made more toxic by excessive nitrogen:
Gobler et al. 2007, 2016; Davis et al 2009, 2010; O’Neil et al. 2012. Harke et al, 2013, 2015, 
2016; Harke and Gobler, 2015; Van Der Waal et al 2009, 2010, 2013, 2014; dozens more



Conclusions

• Excessive nitrogen loading is on on-going threat 
to coastal ecosystems, economies, pets, and 
human health harm across Long Island.

• Most HABs in Suffolk County can be directly or 
indirectly linked to excessive nutrient loading

• Other drivers include the loss of shellfish and 
rising temperatures associated with climate 
change.



Effect of water clarity on home values?

SAR (total) SAR (indirect) SAR (direct) SEM
Independent Variables β β β β
WQ_WF 0.034*** 0.02*** 0.014*** 0.007*
WQ_Dist_0_500 0.023*** 0.014*** 0.010*** -0.002
WQ_Dist_500_1000 0.008*** 0.005*** 0.003*** -0.004**
WQ_Dist_1000_2000 0.007*** 0.004 0.003*** -0.001
R-squared 0.81
Observations (n)

0.77
20,673

*** p<0.01, ** p<0.05, * p<0.1

All Suffolk County Parcels

• Waterfront: 3% of value controlled by water clarity (e.g. 
$150,000 on $5M home)

• 100 - 1000 m (up to half mile) from water: 1 – 2% of value

• Associations strongest on south shore; weakest on north shore.

Mark Nepf, M.S. and Dr. Anthony Dvarkas, SBU
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