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The connection between humans, climate & ecosystem services
Human activities — nutrient/pollutant loading — eutrophication — hypoxia — WQ/habitat decline

o Estuaries magor' fisheries _habitat, residences, recreation
tourism; $3.5-b anhnudlly for Pamlico Setind. System

o Drains coastal &pl_ains experiencing; agricultural,
urban, & industrial .expansion

o N and P. loads increased > 50%) for PS
% o Pathogen) loads| increased. linked 1o development;

o Highlyssusceptilolertoettrophicauon

' Site of’ increased Atlantic 1.S5/Hurricane’ activity:
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Why the concern about hurricanes and tropical storms?

Large Hydrologic perturbations

(lots of water, quickly, and persistent flooding in low-lying areas)
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Conceptual Working Model for the System Response, Combining
Biogeochemical, Ecologicalland Human Health Factors

OUTCOMES
(Responses
in Humans and

Natural
Ecosystems)

triggers
(e.g., floods,
hurricanes) Water Quality

MEDIA

HUMAN & NATURAL
STRESSORS/DRIVERS

EXPOSURE

] » Groundwater
* Anthropogenic . Surf t Infectious
« CAFOs urface water e Human .
« Air E Diseases/
* Sewage treatment « Food - [0 Pathogens
* Wastewater 00
e Stormwater Runoff

Anthropogenic

triggers
(e.g., point source

runoff, dumping EcCohsystem
boat waste, etc.) s ?_'nséas)
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Microbes as Indicators of Nutrient
& other Environmental Stressors

Nutrients

%o
8

Toxins

(-?)

Grazing &
Consumption

(mixing, circulation
advection, light,
temperature)

(+’ ')

o Sensitive, meaningful indicators of physical-chemical change
o Determine productivity, nutrient cycling, water quality, use and health
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o Can be sensed and characterized by a variety techniques over
a wide range of scales (cellular — global)




Assessing Impacts on the appropriate scales

Mod-Mon

www.ferrymon.org

www.unc.edu/ims/neuse/modmo
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Using space-time intensive monitoring to examine the effects of seasonal vs episodic

(hurricane) ' loading on algal production ( ) in the Neuse R. Estuary
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Depth (m)

Depth (m)
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The “connection” to Hypoxia

Neuse River MODMON Project

UNC Instituie of Marine Sciences

June 13, 2000
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Linking Hypoxia and Fish Kkills in the
Neuse River Estuary 1994-2001

- : :
pa Using the ModMon Project
g (www. marine.unc. edu/neuse/modmon)
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Fish kill data base:
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: Reduce Estuarine Primary Production by
Establishing an N Input Threshold (TMDL)

307 NI Inputi Reduction (based oni 1990-1995' loads)

: Usir- to assess algal growth
respo’ o INfreductionsi(ilbe: mandated 307N
inpuitreduciions =t iMDL)

igment
n

Mixed Phytoplankton Community Hon of s
(Total Chlorophyll a) Phytoplankton Taxonomic Group
to Total Chlorophyll a :



Asking the Phytoplankton: Dilution Bioassays

7L Neuse River Water
3L Major lon Solution

10L Neuse /\
Water
Control 30% 30% 30% 30%

| dilution dilution dilution dilution

WL+ Response Indicators:
" Chla, primary productivity
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= Seasonal Effect of 30% Reduction in N Concentration
E 84 Hour Incubation
1.4
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However, when considering reductions.......
“New” N comes in different “flavors"

Wiy care?7 [Ecological/idealitia Impacts) o SPECITIC
ferms et N ERFIChmMERt?

Neuse R. N Loading 1997-00
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Nitrate vs Ammonium effects on algal production & composition

- Bogue Sound Bioassay August, 1996
Z 15
E B 12 k- |Fucoxanthin|
: All phytos or 9 3 x ;
A S . st 3 b —
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Treatment

Pinckney et al. 1999
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Urban, agricultural and industrial expansion

<

Increasing nutrient: (Nitrogen & Phosphorus) inputs

U
Water use and hydrologic)

modification play key roles
|

Climate (change) play\ls an interactive role
Bloonsrareriniensifyingrandispreading
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e [oxic to zooplankten, fish, shellfish, demestic animals and humans
e Cause hypoxia and anoxia, leading to fish Kkills
e Odor and taste proeblems
o Aesthetlc problems l0Ss O recreatonal and flshlng value of Waters
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"Toxins” of Concern

Toxin Effect v u on
Anatoxin-a Nerve Synapse ©s0 PN
Anatoxin-a(s) Nerve Synapse y v HN_ NH
Aplysiatoxins skin E NH 1|/
BMAA R-N-methylamino-L-alanine Neurogenerative disease?
Cylindrospermopsins wide-spread tissue damage

Lyngbyatoxin-a skin

Microcystins Liver

Nodularin Liver

Saxitoxins Nerve axons



Drinking Water
Treatment
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Cyanos and exireme climatic (hydrologic) events
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Ecosystem Service (Fisheries yield) Ramifications

Linkages Between Nutrient Inputs, Hydrology,
Phytoplankton Community Composition, Grazing,

Decomposition of POM

: Nutrle.nt an.d Hypoxia and Fisheries Habitat

Hydrologic drivers
U ““‘I--l......

PHYTOPLANKTON R + ‘e,
o COMMUNITY .o‘ ’o.
Q |
’0 0‘
FORM of Limiting Nutrient R %
(NO, NH_*, DON) o
m Nutrient Rai?ios, R"‘esidence Time ‘ OoXic
> S CONDITIONS
= i Grazed Grazing and DECREASED
I s#+ss4{ Phytoplankton Water Column™ 0, Depletion
. Species Carbon Recycling Potentials Mixing
O : ‘i’ “, > PHYSICAL
m . Nuisance / Toxic A ¢ ~| CONTROLS
. Phytoplankton Cartor® INCREASED Stratification
q Somesti‘:;:flI::ellates _>Deposit1'on “‘ 02 Deple"tion _\l I;
Cyanobacteria (Poc) \’ Potentials

< Y HYPOXIA
n %, ANOXIA
Ll Nutrient Regeneration | ‘e, P




Capturing
“events”
Using Ferries
as a platform
for indicators

:
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Raw Data Sent via Modem to

www.ferrymon.or-g Duke/UNC-IMS Marine Labs
[8] stz Raw Data Stored at IMS
B b
A . Raw Data Text Files QA/QC'ed =

sl QA/QC'ed Data added to
Microsoft Access Database

l—
<
L
>3
-
O
®
-
LLJ
>
e
- -
O
ol
<
<
Q.
LL
')
-

= =M o) R Ferry Bridge Equipt
e Date/Time [—
r—— DGPS Latitude / Longitude 4—I_> g
YSI sonde ¢ Data Modem / Data Logger ISCO discrete
" ' sampler
in-situ Chla
ini in-vivo Chla
Salinity
Diagnostic Pigments
Temperature
Nutrients
Turbidity
pH, DO E. Coli / viruses

Date/Time

Date/Time




Quantifying Chl a & Detecting

Algal Blooms
Cherry Branch-Minnesott Ferry

. UNC-IMS

*  Neuse ModMon
* DUML
NOAA/NOS 24 96
DOT Ferry Routes

395 Ml |

(A) temperature

34 94 [IIBH] 1
A L 1 L

(B salinity

latitude (CB to MB)

J _—s

T
44101 54101 B3/01 3401 82101 81/01 10701 10/31401

{C) chlorophyll a
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The “perfect storm™: Tropical Storm Ernesto (Oct. 2006) setting up a toxic Karlodinium bloom in the

depth (m) salinity (ppt) depth (m)

depth (m)

Neuse River Estuary.

cell abundance (cells ml “l )

L
100
station

—_— toxin

Sound

T T
MID-RIVER WATER QUALITY
SAMPLING STATIONS
MODMON Project
@ Pamfico | 7| V-
Arnpabre

toxin ( g ml "} =3.7E-6 * cells (ml" )+ 4.02
R?=0.99

p=2E-8
Ll

60

70

120
Station

toxin concentration (Lg ml =

salinity (ppt)

[FerryMon & ModMon

sClosennienvalianc
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The Hurricanes of 1999: Whati Happened?
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September 1999 Precipitation

Departure from 30-Year Average
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Precipitation departure in inches
Based on preliminary data

| | I
9 6 -3 0 3 6 9 12 15 18 21 24

® 3 SS-scale 3 hurricanes (Dennis, Floyd & Irene) within 6 weeks
e Record rainfalls in Pamlico Sound Basin.

e 50-500 year floods in PS watershed

e PS Received annual water and N loads in about 1.5 months




Nitrogen Loading to the Neuse R. Estuary, NC
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Hurricanes, combined with human activities can have huge impacts




Salinity and Chlorophyll a responses
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DliH| Pamlico Sound
(Station C3, PS1)

to the floodwaters in Pamlico Sound
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JHL-Lh DUKE HO-DENR N(-D
Neuse-Pamlico Estuarine
Routes: www.ferrymon.org

[— 4 Thih—ip‘inmsm!n
surface water down, =
It combines with 6-faol-deep
o waler, where:samples are laken.
o #The Naws B Otsare

NASA / EPA Modified U2 Aircraft,
Beaver LiDAR & SeaWiFS

Scaling up by coupling FerryMon to Remote

] hlﬁ@ﬁ‘ 1

Sensing

« | Swan Quarter- Ocracoke
Ferry Route P

Parameters
Temp.

i Salin ity

D.O.

pH

Turbidity

Chl a

Diagnostic
pigments

Nutrients
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SeaWiFS: Freshwater Discharge

Pamlico Sound Remote Sensing Chlorophyll
15 May 2002

effects on algal production (Chl a)

Pamlico Sound Remotely Sensed Chlorophyll

16 June 2002
700" 26745 267307 26°15" 76°00° m045t Chlorophyll (ug/1.) 700" 76045 76930 36000 76900 750481 — Chlorophyll (mg/m?)
';:“ W 50100
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W 46
Bl ~opaa m 2-4
= 35000 T D 0-2
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. 4 . y . S % . v «
Pamlico Sound Remotely Sensed Chlorophyll Pamlico Sound Remotely Sensed Chlorophyll
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7000 7645 76030 300" 76000 Chlorophyll (mg/m?) 26530 360000 76°00" Chlorophyll (mg/m?]
Bl s0-100 B s0-100
H 60-8%0 M| 60-80
3545 O 4060 35048 T O 40-60
O 30-40 O 30-40
O 25-30 O 25-30
0O z20-25 0 z0-25
35730 . 16- 20 35730 . 16- 20
A 12-16 B 12-16
O 1-12 O 1w-12
35015 Bl 310 359181 H s-10
i B s W 65
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Ao 0O o-2 350007 O o2
= B  nodata
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Diagnostic Pigment Indicators to Calibrate Remote Sensing
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Estimated Chlorophyll-a and Peridinin concentrations in the Neuse River Estuary 15
May 2002 as determined with AVIRIS and ACE Eagles data. (Lunetta 2006 submitted)

-
<
LLI
>3
-
O
O
o
L
=
—
L
O
od
<
<
o
L
2
-

Users: EPA-RTP, NASA, NC DENR-DWQ
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Observational Platf
Autonomous Vertical Pro

Vertical
profiles

=]

temperature
dissolved oxygen
chl-a

turbidity

Water quality
probe (YSI)

filer (AVP)

Monitors water
quality using
profiling
Instrument

Instruments:

— Water quality
sonde

Sampling
schedule:
— Profiles every 30
min
— Vertical resolution
of 10 cm
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Short-term Impacts of Hurricane Ophelia, Sept. 2005

y
o o

m/s {North)

L
o

Wind velocity @ :

9/13

Temperature

9/14 9/15 9/16

1l

Depth (m)
N
T

3_

Salinity

Depth (m)

Depth (m)

Depth (m)

Depth (m)

1k,

_*__‘_A_ ‘.‘L‘

Hﬂn

9/16

9/17

ug /| mg /| psu

NTU

32



Ophelia Impacts on
Vibrio
o | arge Increase nwater
colUmniconcentrations
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10000 -
. % g .
S - Storm Impacts on Potential
£ 1000 A . .
3 ¥, 2 Pathogens in Estuaries
o 3
i 100 J T [ Estuarine and coastal environments are opportunities to observe the mechanisms
) ) susceptible to a variety of changes driven responsible for contaminant and microbial
Lb by tropical storms and hurricanes, The 2005 transport.
= % & Atlantic hurricane season impressed upon The approach and passage of category 1
m 10 - the public the devastating impacts of storms Hurricane Ophelia resulted in a 3-week
:; = on coastal populations and the possible period of sustained winds that greatly per-
social and public health costs. Storm surges turbed the estuaries in eastern Morth Caro-
and subsequent flooding have the potential lina (Figure 1. In particular, the Neuse River
1 to redistribute water and associated con- Estuary (MRE) experienced a significant
: taminants, including a wide range of chemi-  storm surge and wind mixing, followed by
717 7127 8/16 9/5 9/25 10/15 cals and microorganisms. While this impact large stormwater runoff input from storm-
is difficult to observe through monitoring related rainfall. These forces dramatically
during larger storms, smaller storms provide changed the distribution of salt water in
the estuary, thereby affecting the growth of
« Sam pler o Cores Bv 1. 5. FrEs, R. T. MogLe, G. M. KELLy, AND microbial populations in the water column.
J. L. Halen The microbial dynamics of species of the
T—




Increased frequency of Atlantic hurricanes over the
nex.r 10-40 Year‘S? Goldenberg et al., 2001, Webster et al. 2005

Increase Iin exitremeness: and scales of storm
events? Emanel 2005

Mulsi=annuailecologicalief FecsNand recoyery2

Perturbation
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Hurricane #2 Recovery
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Long- Term Human Health & Management Issues

Nutrient-Pathogen loadings are largely anthropogenic, and
complicated by Hurricanes/floods. These are naturalevents
exacerbated by human development in coastal watersheds

IHurricanes are /hna/vidialistic in tierms: off hydroelegic,
nusirient and eiirer polluianiy impacts.

Watersqualiysiabimairsiealiiinmpacisiareighlyavarianie;
Unders’randmg Waiers qualu’ry human Healin |mpac‘rs requnres

r’\drx’r)‘hv/ mandgzimzr i3 nzzdzd i p2svansz 1o alieric
c

criangz (z.q. deolgars, nueeicanz fraquzncy) ¢ sza lzvzl pisz

Natural events
earthguakes, floods,
hurricanes, etc.)

= Population
density
increasing

Life and "\
economic loss
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Atlantic Coast .
mvronmentsl ~ Coastall Indicators as: Management Tools:
Indicators

Consortimm ¢
remote sensing

«Pn TN s pectral data
\_ (AVIRIS)

)

climate changes

: eomorhology & pigments ~  hurricanes
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Ecology &

Biogeochemistry
Hans Paerl - UNC-IMS
Rachel Noble — UNC-IMS

Epidemiology
David Weber — UNC-CH
Hillel Koren- EPA — RTP
and CEP
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Environmental Program
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Ecology of

Modeling _
Richard Luettich — UNC-IMS Human Risk Assessment
James Bowen - UNC-C Doug Crawford-Brown - CEP
Greg Characklis — UNC-CH Path Oge NS John Paul — EPA-RTP
John Paul - EPA-RTP )
T and Disease
Institute of Marine Scienc -
Public Health : :
David Weber — UNC-CH Marine Science
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 Integration of microbial ecology, pathogen, epidemiology, and modeling
approaches to link eutrophication to ecosystem and human health

— Extreme/Episodic events (hurricanes, floods)
— Chronic, persistent forces (development, climate change)

Approaches and Indicators (only a few examples discussed here)

Apply microbial diagnostic (molecular/biochemical) indicators to
determine water quality, ecosystem condition, health and safety for
consumers (HABS, pathogens)

Microbial indicators should be useful for mechanistic probabilistic models
Deploy Indicators in Monitoring Programs and on Platforms
Couple Indicators to Remote Sensing

Combine new technologies, sensing to support development of models
relevant to ecosystem and human health
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Looking into the “green box"”: Algal taxonomic group

responses to various N sources using
HPLC-ChemTax Analysis
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cells filtered onto Acetone

GF/F filter Extraction/
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Mixed Phytoplankton Community
(Total Chlorophyll a)

pigment
concentrations

zeaxanthin 0.5667
peridinin 0.8946
fucoxanthin 0.1314

I ChemTax

" Matrix
Factorization
Program

Separation, indentification
& quantification of
phytoplankton diagnostic
photopigments

Percent contribution of each
Phytoplankton Taxonomic Group
to Total Chlorophyll a
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Bacterial contaminants

Measure contaminants contributed to system, focus on
fecal contaminants

Bacteria; Enterococcus, E. coli

Measure native bacteria, potential pathogens: Vibrio sp.,
Including Vibrio vulnificus and Vibrio parahaemolyticus

Understand relationships of microbes to nutrients,
particles, and storms/hydrology for model development

Delve into mechanisms of attachment of microbes to
phytoplankton

Conduct research during storm and baseline conditions
to create mechanistic models of fate and transport



