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Diagnostic Phytoplankton
Photopigments
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Neuse River
Estuary

Atlantic

Average depth: 2.2 m

Salinity: river flow,
precipitation, wind and tidal
iInflux from Pamlico Seund

Residence Time: 51 — >90
days

Nuisance phytoplankton
blooms, bottom water Secuar
hypoxia and anoxia, fish Kills = =S =i
and altered trophic structure s St
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Pamlico Sound

Atlantic
Ocean

LLargest lagooenal estuary
(surface area — 5,335 km?)

Important fish and shellfish
nursery

= >80% of NC’s commercial
& recreational catches

Average depth: 4.9
Maximum depth: 7.3 m

Circulation: wind tides, river
flow, four narrow: inlets
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Natural Disturbances

Hurricane Dennis Hurricane Floyd
8/30/99 9/15/99



Effects of Hydrologic Disturbances
on Estuarine Condition

Hurricanes/Seasonal

Rainfall Pulses Drougris
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A Rainfall V' Rainfall
A Runoff WV Runoff
A River Discharge V' River Discharge
A Nutrient Loading V' Nutrient Loading
V' Residence Time A Residence Time
V' Salinity AN Salinity




Monthly Mean River Discharge

k26 Dennis,
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Data from USGS gauging station 2089500



Hypotheses

Changes in phytoplankton abundance and community compaosition are
due to hydrelegic variability (droughts, hurricanes, seasonal rainfall
pulses).

e Phytoplankton taxonomic groups are affected differently by the changes
In estuarine condition that result from droughts, hurricane activity, and/or
seasonal rainfall pulses.

e Therefore, phytoplankton community: structure will be different during
drought conditions than during hurricane conditions.

e The effects of these hydrologic disturbances on phytoeplankton
community: structure will also vary with hurricane and drought intensity.
and duration.

e Conditions that were present prior to these hydrologic events will also
determine the extent of the influence of these disturbances.

e During heavy rainfall events associated with hurricanes and seasonality,
phytoplankion taxonomic groeups are transported downstream.



e Neuse River Bloom

e Atlantic Coast

Collaborative Monitoring Programs

Project (EPA-CISNET,
USDA, NSF)

Environmental Indicators
Consortium (ACE INC)

(EPA-STAR)
. . UNC-IMS
_ _ R o *  Neuse ModMon
Neuse River Modeling RS 4 DUML
and Monitoring Program 5" s ' DOT Fomy Routes
(ModMon) (NC DENR, kg
UNC-WRRI)

— \WWW.marine.unc.edu/neuse/modmon
— Partners: UNC, ECU, Duke, NCSU, USGS, NCDENR, EPA
— Collaborators: NOAA-NOS, NASA, NADP, Weyerhauser




SC al I n g u p : Fe r ry M O n Funded by: North Carolina General

' Assembly in a special appropriation for
(WWW ferr m O n O r ) - Hurricane Floyd Relief and administered by
. y . g the North Carolina Department of
Environment and Natural Resources
| (DENR) Water Quallty Division.
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Innovative
sampling
method
Cost-effective

Allows more
Intensive
Spatial and
temporal
coverage

Automatic
Can be

dock
National appli

Not dependent on Weather
conditions
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Miethoeds:
Water sample = Chemillax Results

pigment
y | concentrations

Water ! g zeaxanthin  0.5667
Sample : Solvent - . peridinin 0.B846

injected fucoxanthin 0.1314

L into HPLC), | UAF=——— ChemTax
|— IL:D => :b‘ ; :- Methe

{ Factcnnzatmn

Phytoplankion
cells filtered onto A{;E.mne L =
GF/F filter Extraction/ Separation, indentification
Sonication & quantification of
phytoplankton diagnostic
photopigments

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

Figure by Alan R. Joyner



Chemilax

e Matrix-factorization program

e Partitions total chlorophyll a pool

Dineflagellates Chlorophytes

" |

Diatoms

Cyanoebacteria

e Based on an initial pigment ratio matrix



Neuse River &

Dinoflagellates Chlorophytes

Pamlico Sound 13% 17%

(1994-2002) ‘

Diatoms
23%
Cryptophytes
22%

Neuse River Pamlico Sound

19992 . (Fall 1999-2002)
(1994'2002) Cyangg;)merla 1

. Dinoflagellates
Dinoflagellates Chlorophytes 4%

Chlorophytes
14% 17%

19%

Diatoms
32%
Diatoms

22% Cryptophytes

2204 Cryptophytes
21%

Cyanobacteria Cyanobacteria
25% 24%




Annual Trends

e T[otal chlorophyll a
and the abundance
of each ———

inoflagellates
phytoplankton group = Disoms
was significantly i
different between O Chiorophytes
years

e Significant
differences were
detected between
the abundance of
the different
taxonomic groups
within years
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Seasonal Trends

B Dinoflagellates
B Diatoms

Winter [] Cyanobacteria
. B Cryptophytes
— Diatoms are [ ] Chlorophytes

dominant
e Spring
- Diatoms and

chlorophytes are
dominant

e Summer

_ Greatest total
concentrations

- Cyanobacteria are
dominant

e Fall:

- Cryptophytes and
cyanobacteria have
greatest abundance
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Spatial Trends

|_owest total concentrations
— Upper Neuse River

and Pamlico Sound ® Dinoflagellates
. ® Diatoms
Highest total & Cyanobacteria
concentrations B Cryptophytes
. O Chlorophytes
— Middle and Lower
Neuse River

All'lgroups more abundant
In Middle Neuse River

Dinoflagellates more
abundant in the Neuse
- . 2 U N Middle N Lower N West Pamli East Pamli
River than in Pamlico it e

Sound

Diatoms least abundant in
Upper Neuse River

Chlorophyll a (ug L™




Hurricanes Dennis, Floyd, Irene, Fall Long Term Mean
1999 Falll (1994-2002)
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B Dinoflagellates
B Diatoms
[] Cyanobacteria

B Cryptophytes
[ ] Chlorophytes ; .

Upper Neuse MiddleNeuse Lower Neuse West Pamlico East Pamlico
River River River Sound Sound River
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Chlorophyll a (ugL™)

Chlorophyll a (ugL™)
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Upper Neuse MiddleNeuse Lower Neuse West Pamlico East Pamlico
River River Sound Sound

Winter 1999 Winter LLTM, (1994-2002
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Upper Neuse MiddleNeuse Lower Neuse West Pamlico East Pamlico
Sound
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Chlorophyll a (ugL™)

Upper Neuse MiddleNeuse Lower Neuse West Pamlico East Pamlico
River River River Sound Sound River River River Sound




Hypotheses

e Phytoplankton community structure will be different
during drought conditions than during hurricane
conditions.

e [he effects of these hydrologic disturbances on
phytoplankton community structure will also vary with
hurricane and drought intensity and duration.

e Comparisons can be made between Hurricane Fran
1996, the Fall 1999 Hurricanes andi the 1997 drought.




Hurricanes Dennis, Floyd, Irene, Fall
Hurricane Fran, Fall 1996 1999

B Dinoflagellates
B Diatoms
[] Cyanobacteria

B Cryptophytes -
[ ] Chlorophytes

_Bf._sn

Upper Neuse River Middle Neuse River Upper Neuse River Middle Neuse River Lower Neuse River

Chlorophyll a (g L™
Chlorophyll a (ugL ™)

Drought, Fall 1997 Eall LTV (1994-2002)
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Upper NeuseRiver  Middle Neuse River  Lower Neuse River Upper NeuseRiver  Middle Neuse River  Lower Neuse River

Chlorophyll a (ug L™
Chlorophyll a (g L™




Applications of Long-term
Monitoring Data
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Establishing a Reference
Condition for Phytoplankton
Community Structure

e \What Is a pristine phytoplankton
community?

— What Greups? In what proportion?
At what concentrations?

e \What is considered to be a normal year in a dynamic
estuary suchs as the Neuse River-Pamlico Sound system?

e [ong term data allow us to estimate the
baseline/reference condition

e Use the mean of the long term data (1994-2002) as the
reference condition (spatial, annual, seasonal).

e Compare the phytoplankton community during hydrologic
disturbance to these average (baseline) conditions.




Atlantic Coast
dnvironmental
Indicators -
] _Cnnsn'rﬁum

Plum Island LTER

Chesapeake Bay

Mewse' Pamlico

MNorthnlet o

Phytoplankton Taxonomic Groups
as Indicators of Estuarine
Ecological Condition and Change

Anthropogenic Stress

| Indicator of \ | ¢ Nitrogen concentrations (N)
: (NO,, NH,*, organic N, total N)

® Phosphorus concentrations (P)
(PO*)

® Nutrient Loading (N&P)

M Indicator of

Climatic Chana

e Hydrology (River Discharge,

g Water Residence Times)
Cyanobacteria

Dominance

B
&

=
Dinoflagellate
Dominance

e LT EPC

Assemblage

Figure by Alan R. Joyner



Scaling up: EerryMon
(Www.fierrymon.org)

Salinity
Tlemperature

Dissolved
Oxygen

Turbidity
pPH
Nutrients
Chl a




Neuse River Estuary Crossing:
Interpolated Space-Time Plot

e Blooms occur in
different areas of the
river

e Frequency of
bloom events is
greater than
sampling frequency
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e Importance of
Intensive monitoring
-temporal

-spatial




Using| EerryMon to Calibrate Remotely-Sensed Photopigments

Overflight Data from Line 5, Neuse River into the Pamlico Sound
and out Ocracoke Inlet onto the shelf

T 9/25/99

“==10/2/99

e====10/15/99

====10/31/99

Lidar Fuorescence as Chl A (ug/L)

-77.00 -76.80 -76.60 -76.40 -76.20 -76.00 -75.80

Longitude




Nutrient-Phytoplankton Relationships at
the Chlorophyll a Maximum of the Neuse
River Estuary

e Nutrient addition bioassays
e Upstream, downstream and ‘ \ [ I I I I I

at the estuarine chlorophyll a
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e Long term monitoring data S LT
provides valuable context for ¥ Seaiiai
these and other manipulative

experiments




Conclusions

e Temporally and spatially intensive monitoring Is required in
systems driven by large-scale events like the NRE-PS.

e HPLC/ChemTax analyses of pigments allow faster and
more reproducible identification and guantification of
phytoplankton taxenomic classes than traditional
microscopic counting techniques.

e Monitoring of diagnostic photopigments:

— Provides more information about the phytoplankton
community than traditional chlorophyll'a measurements
alone.

— Can easily be applied to already existing university, state and
federal monitoring programs.

— Provides ground truthing for remote sensing of phytoplankton
pigments.
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