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”“eDetect, quantify and predict ecosystem change for a range of estuaries
varying in trophic state and water residence time

e Clarify processes underlying change
e Evaluate human vs. natural impacts on WQ and habitat conditions

e Complement environmental monitoring and assessment tools
e Plant/productivity-based indicators
e Trophodynamic indicators
e Geomorphometric & Physical indicators
e Remote sensing

e Be available and useful to WQ/habitat management agencies



ACE INC's Estuarine/Coastal Ecosystems

Atlantic Coast
vironmental
Indicators

Fonsornnm

Plum Island LTER
Chesapeake Bay
Neuse/ Pamlico II_.'";
NorthInlet o

Plum Island Estuary, MA
Chesapeake Bay, MD, VA
Neuse-Pamlico, NC
North Inlet, SC

They repiesent a wide range in
trophic state, productivity base and
hydraulic residence time
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Planktonic Component

Temperature, hydrodynamics, circulation

Photosyntheticaly Active Radiation (PAR)

Dissolved oxygen, physical-chemical-

hioloaical counling
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Inorganic nutrients (nitrate, ammonium,
phosphate, silicate), DIC

Organic nutrients (DOC & DON, particulate
C, H, N)

Microbial pathogens

Phytoplankton composition via diagnostic
pigments (HPLC)

Phytoplankton cell counts and biomass
(microscopic)

Primary productivity
(*Cand O,)

Remotely sensed Chl data/linked to models
of primary productivity

In-water bio-optical properties

Zooplankton and fish community biomass
size spectra

ACE INC Indicators
Wetland Component

Landscape-scale pattern

Geomorphometry

Sediment elevation/relation to MSL

Sediment organic matter
Sediment N/P content

Marsh Sedimentation/Metabolism

Above ground net primary production
Plant photopigments

Remote sensing/ SeaWiFS & LIDAR

Seagrass Component

Seagrass primary production

FV/FM ratio
(photosynthetic efficiency)

Plant morphology

Physico-chemical indicators of macrophyte
stress

Algal distribution (chlorophyll a and species
composition)

Water surface temperature

Water clarity
Water column biomass and primary
productivity

Spectral impacts of suspended materials

Water color



ﬁﬁ—-” ~ Developing Indicators to Assess Impacts
o of Anthropogenic & Climatic Stressors on
Estuarine and Coastal Ecological Condition

Plum Island LTER
Chesapeake Bay
Neuse /Pamlico
North Inlet




Examples: Neuse River Estuary-
Pamlico Sound
Excessive N leading — eutrophication —>

hypoxia.— WQ/habitat decline

Plum [sland LTER
Chesapeake Bay

Weuse /Pamlico

UNC-IMS

Neuse ModMon
DUML
NOAA/NOS

DOT Ferry Routes

Neuse R Modeling & Monitoring Programi (ModMon)
WWW.Imarine.unc.edu/neuse/modmon

& Partners: UNC, ECU, Duke, NCSU; USGS, NCDENR; EPA,

= Collaborators: NOAA-NOS, NASA, NADP, Weyerhaeuser



N loading and algal productlon (& nJ a) In the Neuse R. Estuary
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Neuse River MODMON Project

The connection 1o Hypoxia

UNC Instituite of Marine Sciences

June 13, 2000
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Hypoxia and Fish Kills in the Neuse
River' Estuary 1994-2001

Data Sources: ModMon Project: & NC' DENR-DWQ
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Fish kill data base: http://www.esb.enr.state.nc.us:80/Fishkill/fishkillmain.htm



: Reduce Estuarine Primary Production
(Chl a) by Establishing an N Input Threshold

307 NI Input: Reduction (based on 1990-1995 loads)

growini response; tor INi reducition
mandayed SO7s5IN ]npu-; peduciion| =
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Asking the Phytoplankton: Dilution Bioassays

7L Neuse River Water
3L Major lon Solution
10L Neuse

Water
(-

‘ H \ +P +N | [+NP

Control

30% 30% 30% 30%
| dilution dilution dilution dilution

=8 Response Indicators:
=% Chl a, primary productivity
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Assimilation Number

Seasonal Effect of 30% Reduction in N Concentration
84 Hour Incubation
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However, when considering reductions.......
“New" N comes in different “flavors"
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Neuse R. N Loading 1997-00
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Ammonium is a
Preferred N source: ,
Neuse River Estuary
Effec.ts On Phy.ro Norﬂ? Cam’fﬂa Croatan
Community Structure

Faresf

Nutrient Addition Bioassay Experiment, T1
Neuse River, July 2003
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Looking into the "green box": Algal taxonomic group
responses to nutrient and hydrologic perturbations by
HPLC-ChemTax Analysis

pigment
concentrations
' E] i
Water . fin) zeaxanthin 0.5667
T - peridinin 0.8946
%2:?;; = fucoxanthin 0.1314

4 ChemTax

linto HPLC

Matrix
Factorization
Phytoplankton W S n »
cells filtered onto  Acetone - : -
GF/F filter Extraction/ Separation, indentification
Sonication & quantification of
phytoplankton diagnostic

photopigments

. W
Mixed Phytoplankton Community Percent contribution of each
(Total Chlorophyll a) Phytoplankton Taxonomic Group
to Total Chlorophyll a




Evaluating Impacts of different N sources on
Neuse Estuary phytoplankton composition

Control Ammonium Nitrate

28% 38%
3%
31%

Urea Amm/Nitr/Urea . Diatoms

Chlorophytes

. Cryptomonads

Cyanobacteria




Why does this matter? Ecological Impacts of

“Good" vs "Bad"” Phytoplankton

Linkages Between

c NUTRIENT INPUTS

MICROALGAL
COMMUNITY

v

FORM of Limiting Nutrient
(NO, NH,*, DON)

A

Nutrient Ratios
‘ Graz_ed Water Column DECREASfED L
Species Carbon Recycling » 0, Depletion
e..g., diatoms U Potentials
Nuisance / Toxic
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Hydrology matters too: impacts onalgal production (Chl a) in Pamlico Sound

Pamlico Sound Remote Sensing Chlorophyll

15 May 2002
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Chesapeake Bay: Remotely sensed from
SeaWIFS Aircraft Simulator (SAS Il) during low flow ("95)
and high flow ('96) years

spring ‘95 spring ‘96



Chesapeake Bay CHEMTAX —
contrasting flow years

B Diatoms

B Dinoflagellates
B Cryptophytes

Bl Cyanophytes

B Chlorophytes

B Prasinophytes
B Haptophytes

spring '96 summer '96



Assessing Anthropogenic and Climatic Impacts on Estuarine
phytoplankton Communities: the Hurricanes of 1999
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Effects of Hurricane Isabel (Sept. ‘03) on
Phytoplankton Abundance, Composition and Spatial
Distribution

Storm Category
Tropical Depression
Tropical Storm
1 [74- 33 mph)

2 [96 - 110 mph)
3 [111 - 130 rph)
4 [131 - 155 mph]

5( > 155 mph)

o 00 GHT positions

"Windy, but
no Floyd"

(rain-wise)
J. Ramus

Hurricane lsabel Sterm Total Precipitation
updated 20830027

0 Todal Precipitstion bess than 1 inch

Bl Total Pracipiation of 110 2 inchas

B Todal Precipitation of 2 to 3 inches

B9 Total Precipitation of 3 1o 4 inches

Todal Precipitation of 410 § inches Dista analysis - Phillip Badgett
B Total Precipitation of §to § inches Graphic - Jonathan Blags
B Tottal Precipitation of € 1o 7 inches .& WS Raleigh, NG
BN Totsl Precipitation grester than ¥ inches wwwLerunoan.gowsah

18 Sep 2003 1701 GMT / 18 Sep 2003 07 :01 PM ED#‘.



Hurricane Isabel, Sept. 18, 2003
e Low rainfall, high winds
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Zooplankton
and Climate Forcing

Abundances of predominant

mesozooplankton species related to
freshwater flow

Classification based on synoptic
climatology linked to planktonic responses



Zooplankton Community Composition at
Station CB3.3C

Wet Year




Eurytemora vs Acartia Dominance
Dry year

Wet year
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Atmospheric
Deposition

Nutrient

Plum Island LTER Loading Algal Bloom
A A A A AN ANANN
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Groundwater Export
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Biomass Size Spectra

Size Spectra: Integrative Indicators
Across Trophic Levels

Slopes of Spectra and Biomasses at Each
Trophic Level are Indicators of Trophic
State and Stress

Objective: Explore Their Potential In
Chesapeake Bay and Other Estuaries




Log Abundance

Biomass Size Spectra as Indicators of Ecosystem Status

Unperturbed ecosystem Perturbed ecosystem

steeper slope

theoretical slope =-1.0

Log Weight Class Log Weight Class



Integrated Spectrum for
Chesapeake Bay

Log, A (abundance)

201 phytoplankton’
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0 Fish larva =, .
Zooplanktivorous

-10; -
: small fish
5 Piscivorous
g large fish
—-40 —-30 -20 -10 0 10 20
2 um 20 um 200 um 2 mm 20 mm 20 cm

Organism Size



log (abundance)

e Healthy System

Slope is gentle
Trophic efficiency high

log (body size)

log (abundance)

® Unhealthy System

Slope is steep
Trophic efficiency low

log (body size)



Biomass (x 10 keal)

jr—

blueback herring

Choptank R.
slope = -0.58 £ 0.52
R* = 27%

p = 0.07

v |l ‘a :"..-‘
W

\|

AN .
< /JGE_Prosser Armstrong
Fl

PatUXent R

slope = -0.70 £ 0.39
R2 = 4_70/0
p = 0.007

5 4 3 92 1 0

I
1 2 3 4 5 6 7 8




Coastal Wetland Indicator Development

Environment ====#% Process ==---- » Signal ====% Sensor --» Prediction

Physiology/

E f Pigments 4 lllllllllllllllllllllllllllllllllllllll :
v .

Condition/ 2 . -
SLR/ Models Reflected || Remote | Neu ral
Eutrophica. ¥ Light [ Optics [ Networks

A Geomorph/ ﬁ
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Reflectance of Spartina Leaves

1.0 1 |——— Control determined largely by leaf structure
— NP | |
gl P | !
~ | |77 N
=
N—r
o 0.6
8 Maximum absorption by
o chlorophylls a and b
8 04
[re—
Q
@
0.2 1
0.0

300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

The spectrum of light reflected from the leaves of
Spartina alterniflora. Plants treated with
phosphorus had higher reflectance in the near

An ADAR image, classified to show infra-red .
chlorophyll density in a salt marsh at
North Inlet, SC.




Marsh geomorphology
IS regulated by
feedbacks between
biological and physical
processes.

Site Elevation (cm)
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Marsh Surface EIevation

L Fertilized Sites
i slope= i
= 0.77 cm/yr %

Start
| treatment : o)

Contrbls
. slope= :
. or 0. 56 cm/yr

1996 1997 1998 1999 2000 2001
Time



Importance of SAV
Conceptual Model (Virnstein et al. 2000)

Loadlng —!‘*' \[,\(ate# Q:a-allty =

(TMDL) 5

L,Ig.ht —¥’Sea§fr ass > ANIMAS($)

.1,;1,'




SAV Habitat Requirement
Diagnostic Tool

—— Minimum-light water
TSS Hm-lgh’
B guality requirement
¥ Median concentration
—————— Management trajectories

[TSS]

[ChI]

« SAV are light-limited in turbid, bloom, or highly
colored waters.

 Min. light requirements are known for some SAV

* Indicator could focus on light penetration from RS
attributes of the water body (color, chl a, etc.)



Development of Indicator Based
on Quantification of Characteristic

[SPM] (g m”)

Acceptable conditions
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Challenges
Thresholds change with
Eutrophication!
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Client tools

Table 1: Threshold concentrations for three
water-quality components, calculated from

measured optical properties in North River,
NC in 2003.

Depth Chla | TSS CDOM

(m) (ug/L | (mg/L) (1/m)
05 |saws3[i3 |21
1.0 156.8 | 73.8 11

1.5 96.6 |44 5.83

2.0 61.1 |30.1 3.55

3.0 38.8 |[17.1 1.66

Clients will include federal, state and
local environmental agencies and

water gquality monitoring organizations
with an interest in protecting seagrass
as EFH. Can also include research and

education organizations.

Exceeding values for CDOM, TSS, or Chl at .5 m Depth

April 17, 2003

I 1 Excocding A
- 0 Nat Exceeding | fi

el




The Need fo Scaling up for. .

the Pamlico Seund: {{#
FerryMon YRR
AR £

Bk
-". ."

www. ferrymon.org

., diggglyze O FLJr’JJdJF\/ r)rl diagnostic plgmen‘l's AUNRIEHNS



FerryMon Applications

e Develop WQ data baseline against which to gauge
change

e Calibrating Remote Sensing for “scaling up”
e Multiple WQ indicators
e Data for Developing WQ and other Models

e Assess Climatic vs. Anthropogenic Influences on WQ



Using FerryMon to calibrate remotely-sensed photopigments

Overflight Data from Line 5, Neuse River into the Pamlico Sound

and out Ocracoke Inlet onto the shelf

==0/25/99

e==10/2/99

em=10/15/99

e 10/31/99

Pamlico Sound

Lidar Fuorescence as Chl A (ug/L)

-77.20

-77.00

-76.80

-76.60

-76.40 -76.20
Longitude

-76.00

-75.80

-75.60






Mlcr'oalgal Indlca’rors and Remo‘re Sensing

R R R R

M 012345 Mikez
e ™ ™

Estimated Chlorophyll-a and Peridinin concentrations in the Neuse River Estuary 15 May
2002 as determined with AVIRIS and ACE Eagles data. (Lunetta 2004 in prep)

Users: EPA-RTP, NASA, NC DENR-DWQ




. UNC-IMS
*  Neuse ModMon
*  DUML

NOAAI/NOS

+ DOT Ferry Routes

latitude (CB to MB)
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Detecting Algal Blooms
Cherry Branch-Minnesott Ferry
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Using FerryMon for Modeling WQ responses on large scales

Chlorophyll ug/L estimation 1Aug02
_

« [IMS_stations.shp
Aug1 ferries.shp
Aug1
Elevation Range
12.356- 13.622
11.087 - 12.

4 o4 8 12 16 Mies 1Y 4:?51 : 6.018
A 3.483 - 4.751
] 2216- 3.483



09/08/1999, Before

Hurricane Isabel

€Ll 349N 76.1W Ri1d 1 PM EDT
b =~ 30 Mi NE of Cape Lookout, NC
WP @y 100 mph BTSN NW 18 mph
B e T LT 26.96 in/957 mb

18 Sep 2003 17401 GMT / 18 Sep 2003 0 01 PMED%




FerryMon characterizes hydrologic/salinity changes in Pamlico Sound

Difference in average weekly salinity between west and east focal regions

(2003)
(east - west)

diff(east-we

—Hurricane

salinity diff (east-west, psu)

0 p <=0.05
¢ p<=0.00

6/22 7/6 7/20 8/3 8/17 8/31 9/14 9/28 10/1210/26 11/9 11/23 12/7 12/21




ACE INC Research and Management Products & Applications

e Regional development & application of pigment diagnostic WQ/habitat indicators (TMDL)
e Coupling remote sensing to pigments and morphometric indicators to “scale up”
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ACE INC Research and Management Products & Applications

e Geomorphological indicators of coastal wetland WQ and condition

Locations:

e SC-North Inlet
* MA-Plum Island LTER
« CEER GOM

Collaborating

agencies/ Clients:

SC-DNR
NC-DENR/DOT
NASA

NSF

MA-DEP
NOAA-EPA
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ACE INC Research and Management Products & Applications

e Application of Bio-optical Model as criteria for seagrass habitats (w. C. Gallegos, ASC)
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ACE INC Research and Management Products & Applications

e Unattended deployment of indicators (DO, temp. salinity, pH, photopigments, turbidity,
pathogens, bioptics) on moorings, platforms, ferries. Coupling to remote sensing
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Atlantic Coast .
sviranii) Coastal Indicators as Management Tools
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Neuse River @ Kinston
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Neuse River @ Kinston
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Neuse River @ Streets Ferry
Bridge
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Chlorophyll a
Neuse River Estuary
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What are the Indicators?

Res. Time—Nutrient Loading:
ACE-INC Estuaries

Loading (gNm**2/yr)

0.01 0.1 1 10 100

Residence Time (months)




	Examples:  Neuse River Estuary-Pamlico Sound Excessive N loading   eutrophication  hypoxia  WQ/habitat decline
	The connection to Hypoxia
	Hypoxia and Fish kills in the Neuse River Estuary 1994-2001Data Sources:  ModMon Project & NC DENR-DWQ
	Neuse R. N Loading 1997-00
	Looking into the “green box”:  Algal taxonomic groupresponses to nutrient and hydrologic perturbations by HPLC-ChemTax Analy
	Evaluating Impacts of different N sources on Neuse Estuary phytoplankton composition
	Assessing Anthropogenic and Climatic Impacts on Estuarine phytoplankton Communities:  the Hurricanes of 1999
	Effects of Hurricane Isabel (Sept. ’03) on Phytoplankton Abundance, Composition and Spatial             Distribution
	Hurricane Isabel, Sept. 18, 2003
	Abundances of predominant mesozooplankton species related to freshwater flowClassification based on synoptic climatology li
	Zooplankton Community Composition at Station CB3.3C
	Eurytemora vs Acartia Dominance
	   Biomass Size SpectraSize Spectra: Integrative Indicators      Across Trophic LevelsSlopes of Spectra and Biomasses
	Importance of SAVConceptual Model (Virnstein et al. 2000)
	Development of Indicator Based on Quantification of Characteristic Modes of Variation
	Indicator Status
	ChallengesThresholds change with Eutrophication!
	Client tools
	
	Neuse River @ Kinston
	Neuse River @ Kinston
	Neuse River @ Streets Ferry Bridge
	Neuse Estuary @ 2-7 psu
	Chlorophyll aNeuse River Estuary
	Res. Time—Nutrient Loading: ACE-INC Estuaries

