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Objectives

* Provide a perspective from East Coast estuaries

* Highlight st Coast that
might a oodweb



Key Topics

Nutrient-fueled eutrophication

*  Role of interannual variability

g Importance of transport processes
*  Nutrient reduction targets (TMDLs)
Dual N
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Modeling Approach

National Academy of Sciences’ Committee
on Causes and Management of Coastal
Eutrophication (NRC 2000):

ANCOASTAL
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* Development of a reasonable accurate
model accessible to managers to predict
sources of nutrients in the landscape

» Simple frameworks for characterizing the
sensitivity of estuarine response

Duarte et al. (2003)
“The limits to models in ecology”

*Limits to logic: Logic Observations *Limits to observations:
1) asking good questions 1) data quality

2) understanding of theory 2) instrumentation

3) “common sense”’ 3) possible time and

(Descartes: all humans Analytical and Statistical: space scales of collection
think they have it!!) Simple models
) Conceptualization

*Limits to validation: - o~ Parameterization
1) Data quality

2) data for forecasting
models impossible

’ New “minimalistic-complex” ’ *Limits:
Systems Model 1) asking good questions
- 2) data quality

r Y TE—— « -
Validation 5 Iy and 3) “common sense
uncertainty analysis [ ¥ education )

. 5) addition of stochastic
*Limits:

G : events
Pl'eqlCtlon : 1) Stochastic nature of;
policy and

model behavior
management 2) Method constraints

Complex Systems Models:

*Limits to prediction:
1) Model transfer (among scales) Constructs of multiple simple models interacting to

2) Policy “set in stone” evaluate population, community or ecosystem dynamics
(need to incorporate

Dynamic understanding) Dynamic in Structure

Model testing Increased
Model failure ; i
1) Amplification of error Rihdensienming

: . Hypothesis generation
2) Negative degrees of freedom Redefine Model
3) Impossible to validate *

Fe=—————

*Limits of mechanism overload! I

: + Complexity: Interpretative constraints :




“Modeling Through the Macroscope”

“The great ecologist H.T. Odum long
argued that we need ‘macroscopes’to
help ecologists see the problems they

study as they are embedded in the larger

scales of nature and society.”
- Nixon (2009)

AR Rl (e T ]
Can simple, holistic systems
models serve as useful research
& management tools in the age

of reductionism?
PRk TR 4 L IH03 <

Narragansett



What this What this
model isn’t: model Is:

* Intermediate complexity

* Modular (easy addition of state
variables)

* Management-focused

* Fast running

©The COMET Program

(~ seconds to minutes)
* Quickly applied
(~1.5-2 weeks per system)
e Accessible GUI, web-deployable
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Low Moderate Moderate Moderate High
low high

Ovenall eutrophic condition Gategories
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Overall eutrophic condition (OEC)

mm High: symptoms occur periodically or persistently and for over an extensive area.
Moderate high: symptoms occur less regularly andfor over amedium to extensive area,
1 Moderate: symptoms occur less regularly andfor over a medium area,

E= Moderate low: symptoms occur episodically andfor over a small to medium area.

B Low: few symptoms occur at more than minimal levels.

= Unknown: Insufficient data for analysis.

Bricker et al. (2007), NOAA National Estuarine
Eutrophication Assessment Update



eutrophication (noun) - an increase in the rate of

The root cause ...

{ ic matter to an ecosystem.
Py o orga J Nixon (1995)

log PP = 0.442 log DIN + 2.332
r2 = 0.93

—
o
o
o

Primary production, g C m2 yr-!

Nixon et al. (1996)

1 10
DIN input, mol m -2 yr-!
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Complicated by interannual variability ... o | :

Chesapeake Bay

Mean Daily Susquehanna Flow
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Boynton & Kemp (2000)

1400
River Flow
m? sec™
[(year) + (year -1)] / 2




.. and by ftransport time scales

New River Estuary, NC

Brush (2012)
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Transport time scales continued ...
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Peierls et al. (2012)
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Mean Chl-a, mg m3

Transport time scales continued ...
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Chesapeake
Bay Program




: . Chesapeake Bay TMDL
Nutrient reductions: p y

e EPB Mobile | Espafiol | #3: RMAR | +X: MK | Tiéng Viet | B30{
\’ United States Environmental Protection Agency

Advanced Search A-Z Index

LEARN THE ISSUES A SCIENCE & TECHNOLOGY =~ LAWS & REGULATIONS = ABOUT EPA

hesapeake Bay TMDL [ Contact

AR TYE
N B Learn Mbte aboutihe S MEE y \ i; ; Bay jurisdictions are submitting
arragansett ay Read about the historic Chesapeake Bay "pollution diet" | \ 2014-2015 draft two-year milestones

and 2012-2013 programmatic
milestone achievements.

Milestone Updates

> Fact Sheet

> Executive Summary and Full Documents
Click here to view.

Projected Reduction in Seasonal Nitrogen Load From 11 Rl WWTFs Impacting Upper
Narragansett Bay.

1 2/3\4(

5 b i
3 Partners in Progress
EPA Provides Tools for Sustainable

Bay TMDL — A Commitment to Clean Water

ACTIONS ARE BEING TAKEN across six states and the District of Columbia to

reduce water pollution in local streams and rivers in connection with Executive Order Website
EPA's Total Maximum Daily Load to restore the Chesapeake Bay. Read 1 Federal Renlster Nofice
the Bay TMDL Factsheet (PDF) (2p, 46K8) or view the Bay TMDL Poster \ Hunient falittion
(1page, 3.2MB). Streams and Wetlands
ThE BAY TMDL, a historic and comprehensive "pollution diet,” was
established in December 2010 based largely on implementation plans
prepared by Delaware, District of Columbia, Maryland, New York, Local Cleanup Highlights

% a2 BV LT Watershed Implementation Plans
Pennsylvania, Virginia, West Virginia. e !
Latest News
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Frequently Asked Questions
Trading and Offset Programs
Measures of Progress

EXIT Disclaimer

The TMDL Document and

Executive Summary
THE BAY TMDL IS A KEY PART OF AN ACCOUNTABILITY FRAMEWORK t0 ensure CLICK ON THE MAP TO LEARN MORE ABOUT Creating the TMDL

that all pollution control measures needed to fully restore the Bay and ACTIVITIES IN YOUR AREA TO MEET THE CLEAN WATER
its tidal rivers are in place by 2025, with practices in place by 2017 to AL GE THE ERVIRMN
meet 60 percent of the necessary pollution reductions. What's Happening S

IN 2012, THE JURISDICTIONS SUBMITTED PHASE Il IMPLEMENTATION PLANS
designed to strengthen the initial cleanup strategies and reflect the
involvement of local partners. They also submitted a first set of
two-year milestones outlining near-term restoration commitments.
May - 2005 2006 2007 2009 2011
October
1995-1996

-
=
£
©
2
e
©
©
°
a
c
o
o
o
4
=
4
®
£
°
-
=
[
a
3]
2
1=
(=]
>
]
=
2
®
o
@
=
©
c
o
=
<

Year

All calculations are based on May-Oct 95-96 WWTF flows. Loadings will increase as WWTF flows
increase to their approved design flows.

dge Upholds Bay TMDL

ted a legal

Liberti et 2l RI WWTF Reductions:

+ CSO system online
+  30% WWTF reduction as of 2005
*  >50% WWTF reduction by 2014




wettest

Using simple models:

MEAN Chl-a, mg m-3

Multiplier of Current Load

4 Chl-a, mg m3

4 Chl-a, mg m-3

Brush (2012)




Dual nutrient control:

Neuse River Estuary, NC

Paerl et al. (2004); Paerl (2009)

Improved P
wastewater
treatment &
P-Ban

Timeline

(N)

N sedimentationxl
& denitrification

Timeline

' denitrificatio

[T 01 (T ) | B el ¢ (oAU EX {11
Neuse River




Interaction &

Greenwich Bay, York River Estuary,
Narragansett Bay, RI Chesapeake Bay, VA

&
w52 {lﬁ”éﬁ\

N\ ASF

Washington w2y
el
I ' [,g [y
¢ ¢ e o
Potomac Patuit%nt Y fng%,&g

l
R ”’«’Jé

W g ng 5

52

Atlantic
Ocean




Apponaug Cove Greenwich Cove

0% of inputs from
the watershed

Surface Chl-a

Greenwich Bay, RI - Bottom O, ~ Bottom O,
Brush (2002, 04)
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0% of mputs from
Narragansett Bay

Apponaug Cove

Greenwich Cove

Surface Chl-a

Surface Chl-a

Bottom O, VM

Bottom O,
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York River Estuary, VA Watershed and Tributary Inputs

Lake (2013) Nutrients % Nutrients and OM

~ 005x @0.75x Wlix ®I5x m2x | (b)

Hypoxic Days

Box1 Box2 Box3 Box4 Box5 Box6 Box7 Box8 Box1 Box2 Box3 Box4 Box5 Box6 Box7 Box8

Chesapeake Bay Inputs
Nutrients & Chl-a
[ 005x ©075x ®Ix ®m15x m2x |

Nutrients, Chl-a &OM
7 (a)

Hypoxic Days

Box1 Box2 Box3 Box4 Box5 Box6 Box7 Box8 Box1 Box2 Box3 Box4 Box5 Box6 Box7 Box8



FEATURE ARTICLE: REVIEW MEPS. 2007

Eutrophication in shallow coastal bays and
lagoons: the role of plants in the coastal filter Joye & Anderson (2008)

Karen J. McGlathery'*, Kristina Sundbéick?, Iris C. Anderson’

!Department of Environmental Sciences, University of Virginia, 201 McCormick Road, PO Box 400123, Charlottesville,
Virginia 22903, USA
*Department of Marine Ecology, Marine Botany, Géteborg University, PO Box 461, 40530 Goteborg, Sweden
3School of Marine Science, Virginia Institute oi Marine Science, College oi William and Mary, Gloucester Point,
Virginia 23602, USA
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ABSTRACT: Nutrient loading to coastal bay ecosystems is
of a similar magnitude as that to deeper, river-fed estuar-
ies, yet our understanding of the eutrophication process in
these shallow systems lags far behind. In this synthesis, we
focus on one type of biotic feedback that influences eu-
trophication patterns in coastal bays—the important role
of primary producers in the ‘coastal filter’. We discuss the
2 aspects of plant-mediated nutrient cycling as eutrophica-
tion induces a shift in primary producer dominance: (1) the
fate of nutrients bound in plant biomass, and (2) the effects
of primary producers on biogeochemical processes that in-
fluence nutrient retention. We suggest the following gen-
eralizations as eutrophication proceeds in coastal bays: (1)
Long-term retention of recalcitrant dissolved and particu-

flux out

m) deep (=2m)
Depth

: B Parker



Chl-a, mg m3
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New River Estuary, NC
Brush (2012)

Simulated Chl-a, mg m™

Chl-a, mg m™*




Nutrient concentration can be a
poor indicator in shallow systems:

ar,

MERIL Mesocosms

CONCENTRATION, mmol m™3

(290 mmol m2d-1)

DIN LOADING, mmol m-2 d-!

Average DIN, uM

Nixon et al. (2001)

Brush (2012) N Load, mmol m-2 y-!



Development of alternative stable states:

/ Phytoplankton

Benthic Microalgae
Chl-a, mg m?

Image
Data SIO, NOAA U

Ir]

Brush et al. (2010)



Estuarine, Coastal and Shelf Science 86 (201C) 1-20

Contents lists available at ScienceDirect

Estuarine, Coastal and Shelf Science

s
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FI SEVIER journal homepage: www.elsevier.com/locate/ecss

Invited feature
Potential climate-change impacts on the Chesapeake Bay

Raymond G. Najjar®*, Christopher R. Pyke®, Mary Beth Adams €, Denise Breitburg 4 Carl Hershner €,
Michael Kem]if, Robert Howarth & Margaret R. Mulholland ®, Michael Paolisso’, David Secor?,
Kevin SellnerX, Denice Wardrop!, Robert Wood ™

In the Mid-Atlantic, we expect a climate that is...

* Warmer
* Wetter (more precipitation = flow?)
e Stormier

* With higher sea levels
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Rg— S
: New River Estuary, NC
We.l- VS. dr'Y Per"Ods: Anderson et al. (2012)
Salinity CDOM K, (PAR)
(PSU) (ABS,,,, m) (m™1)

Salinity October 2008

Oct 2008
(drought):

Kd (m-1)
T High : 5

B Low: 0
L

Oct 2009
(wet fall):




Wet vs. dry periods:
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= -14.19In(x) + 62.25
R2 = 0.69, p<0.001

1 2 3 4
Daily discharge at Gum Branch (m3s)

Anderson et al. (2013)
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Role of storms (Hurricane Irene): St (2012)

Salinity CDOM K, (PAR)
(PSU) (ABS,;, m?) (m™1)

1%,

Jul 2011
(pre-Irene):

Sep 2011
(post-Irene):
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Lake (2013)




Oligotrophication (noun) — a decrease in the

rate ofsupply of organic matter to an ecosystem.

y=0.05x-88.5
R?=0.29

Temperature,’C

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
YEAR

© Annual @ Summer

Chl a, mg m?3

Nixon (2009)

Narragansett Bay
Nixon et al. (2009)

e
10 15
Temperature,®C

Temperature,®C
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QT e Brush, Ramirez-Velez, & Lake



ARAPID RESPONSE ASSESSMENT

'BLUE CARBON

THE ROLE OF HEALTHY OCEANS IN BINDING CARBON

grida.no/publications/rr/blue-carbon

Urban
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- Respiration
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~ Barrier
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_Respiration
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Blooms, HABs Phytoplankton

2013 -2017
https://dcerp.rti.org/

Climatic Drivers
Hypoxia & <P\
Anoxia 1 P', §

\ 4 Warming WetDry  Episodic  Sea Level
RTI (20 1 3) : I Periods E\Ilenl; Rxsev




Summary

* Nutrient-fueled eutrophication

*  Role of interannual variability

e Importance of transport processes

*  Nutrient reduction targets (TMDLs)
* Dual N & P control

* Estuary/sub-estuary interaction and the role
of advection

 The benthic filter

 Interactions with climate

* Oligotrophication

* Outwelling, NEM, and estuaries as carbon

© 2013 Google

sources or sinks

ta SIO, NOAA, U.S. Navy. NGA, GEBCO

Imagery Date: 4/9/2013  39°14'34.40
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Hoan? » Research & Services » Depts. » Bio Sciences » Research Programs » Systems Ecclogy and Modeling Program » Online
Models

Coastal Systems Ecology and Modeling Program

Online Models

* West-Rhode River Estuary (MD) Restoration Model (v.2, October 2013):

« DCERP Estuarine Simulation Model (v.1, December 2013):
o Complete 2007-2010 model

e 2010 model only (faster runnin;

www.vims.edu/research/departments/bio/programs/semp/models/index.php
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