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SAV Overview

Photo: Maryland Sea Grant

Water celery (Vallisneria americana)

Native

Reproduces vegetatively

Can grow up to 2 meters in length
Typically grows in water depths < 1 meter

Photo: Cary Institute of Ecosystem Studies

Water chestnut (Trapa natans)

Non-native (and invasive)

Reproduces both vegetatively as well as
by seed

Floating seeds

Forms large mats of floating foliage



Ecosystem Services and Benefits

1. Habitat
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3. Dissolved oxygen source

4. Nutrient absorption

5. Sediment flocculation & settling

6. Wave energy buffering

7. Erosion control
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Diagram credit: Jan C. Porinchak, courtesy of the Cary Institute of Ecosystem Studies




Study Area

Federal Danj;-\
Troy, NY

Hudson River Estuary

* Federal Dam in Troy, NY to New York Harbor
e 246 km (153 mi) long

Watershed
* Area: 1,354,700 ha (5,230 mi?)
* 14,260 km (8,860 mi) of streams

SAV historically present from
Troy, NY south to ~ Piermont, NY
(~40 km north of NYC)

New York |
City

Hudson River Estuary Watershed



2011-2012 Large Storms

Hurricane Irene
August 2011
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Track of Hurricane Irene (NOAA) Water level, river discharge, and sediment input from Sediment distribution into the Hudson River Estuary, 2011
Tropical Storms Irene and Lee (Ralston et al. 2012) (Ralston et al. 2012)



Large Storm Impacts on SAV

1. Large sediment flux and disturbance of the plant biomass
2. Disturbance by physical wave energy (storm surge/erosion)

3. Increased turbidity and diminished light penetration

Annual Tons of Suspended Sediment Entering the Tidal

Hudson River at the Green Island Dam, Troy NY
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Figure: USGS

Seasonality of storms is an important factor

Photo: NASA

Pea k SAV biomass September—OCtOber Sediment flux in Hudson River and New York Harbor, 8/31/2011



Previous Studies

Findlay et al. (2014)

 Hudson River SAV decrease from 1997 to 2002 to 2007

e Greater loss of SAV further from shore

SAV
Water-chestnut

. 3 Whole system inventory of SAV and water chestnut at three
intervals for the tidal freshwater Hudson River
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Fig. 6 a, b Change in cover by SAV as a function of disance from the
nearest shoreline (rop) or to the 5-m depth conto

means (+3E) for distance imtervals <100 m, 100-300, and 300-500 m
from shore (or 5 m contour) plotted at the mid-point of the interval. Lines
are 20th and 80th percentiles. For both panels, the mean for the 0-100-m
interval is si cantly smaller than the means for the other two intervals
{ANOVA, p<0.05)

Findlay, S. E. G., Strayer, D. L., Smith, S. D., & Curri, N. (2014). Magnitude and Patterns of Change in
Submerged Aquatic Vegetation of the Tidal Freshwater Hudson River. Estuaries and Coasts, 37(5), 1233-1242.



Research Questions

. Has there been significant SAV

recovery following the 2011-2012 R Rl ) | TR |
storms? %4 & ' |
. Is there a spatial pattern to recovery? [ N : 9’
. Is recovery related to proximity to - B - \\ e “ ¥
adjacent shoreline or tidal wetlands? ' ' 8\ : ) :
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coverage of SAV (persistent “colony” Fgure: Sean Carol
SAV beds)?



SAV Data Information

Hudson River SAV data for 2007, 2014, & 2016
* Courtesy of the Hudson River National
Estuarine Research Reserve (HRNERR)

Vegetation classification done by Cornell IRIS
using satellite orthoimagery

3 classes: ‘SAV’, ‘water chestnut’, ‘upland’

Data procedure followed the National Oceanic
and Atmospheric Administration Coastal
Change Analysis Program (NOAA C-CAP, 1995)
protocol
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The three classes used in the SAV mapping: SAV (dark green),
water chestnut (light green), and upland (brown; for reference)



Methods

Four Analyses: Mapping and analysis done in ArcGIS 10.6

1. System-wide (whole river) analysis 1. River divided into 26 segments (10 miles)

2. River-segment analysis

3. ‘Colony’ SAV bed analysis . :

4. Quadrat-scale analysis 2. 10-m x 10-m grid (quadrat) laid over study area

3. Large (>20 ha) “colony” SAV beds identified

4. SAV area change & percentage change
= , ._ calculated for whole river, each segment,
y & | Wesicnaster
s i~ stagmiPyR2 “colony” beds, and each quadrat cell

B1-mqﬂ'p?1ll_'-:"2q"-4-.1.""

5. Distance calculated from each quadrat cell to
shore, tidal wetland, and persistent SAV bed

* Wesichesiar | [~ 773

6. Regression analyses run
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River segments for analysis (Lamont-Doherty)



Whole-River Analysis Results

2007 2014

e Large loss of SAV between 2007 and 2014
* Recovery of SAV between 2014 and 2016

* Water chestnut coverage has possibly stabilized (?)
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SAV and water chestnut area and percentage change SAV and water chestnut area (ha) by year



River Segment Analysis Results

* SAV coverage concentrated in northern (upstream)
half of river

w
&b
c
0]

=

]

i
=
]
w
s
[T}

oo

e Spatially-homogenous loss of SAV 2007-2014

* Less homogenous recovery, 2014-2016
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River Segment

SAV coverage (ha) by river segment SAV % change by river segment: 2007-2014 (A), 2014-2016 (B), overall (C)



‘Colony’ SAV Bed Analysis Results

“Colony™ SAV  General Location
Bed (N to 8)

Athens
Catslall
Linlithgo
(Germantown
Clermeont
Saugerties North
Saugerties South
Kingston-
Fhinecliff Bridge
Esopus Meadows
Staatsburg
West Fishlall
Cornwall
Croton Point

Percent Change
2007-2014

935

-100 :EI 0%

Percent Change
2014-2016

“Colony” SAV bed inventory and percentage change

Percent Change
2007-2016

SAV beds > 20 hectares

12 of 13 ‘persistent” beds exhibited loss
from 2007-2014

Three were completely lost (2007-2014)

Two of these recovered (2014-2016)



Quadrat-scale Analysis Results

* 2007-2014: 72% grid cells demonstrated loss
(majority = total loss)

e 2014-2016: 60% grid cells demonstrated gain
(majority = minor gain)

Percent Change Range Specific Change Category Generalized Category
Total Loss Loss
Large Loss Loss
Moderate Loss Loss
Iinor Loss Loss

No Loss or Gain No Change
Minor Gain Gain
Moderate Gain Gain
Large Gain Gain
Gain over 100% (Gain

Mo Ch

Change (

Qualitative specific and generalized ‘change categories’ for analysis



Quadrat-scale Analysis Results

2007-2014 (period of loss)
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SAV loss (m?) from 2007-2014 vs.

SAV loss (m?2) from 2007-2014 vs. SAV loss (m?) from 2007-2014 vs.
distance from persistent SAV bed (m). p < 0.0001.

distance from shore (m). p < 0.0001. distance from tidal wetland (m). p = 0.73.



Quadrat-scale Analysis Results

2014-2016 (period of recovery)

y=0.1274x+ 153254
y=3.0542x+ 1436.4 R*=0.004
R*=0.026

SAV Recovery (m?
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SAV recovery (m?) from 2014-2016 vs. SAV recovery (m?) from 2014-2016 vs. SAV recovery (m?) from 2014-2016 vs.
distance from shore (m). p < 0.0001. distance tidal wetland (m). p < 0.001. distance from persistent SAV bed (m). p < 0.0001.



Conclusions

1. SAV has recovered greatly since the 2011-2012 storms, but not
yet to pre-storm levels (~ 80% of 2007 coverage)

2. Recovery has been greatest in the upstream (northern) reaches
of the river, where loss was greatest following the storms

3. Recovery has been greater further from shore and tidal wetlands

4. Recovery has been greater closer to persistent “colony” SAV beds




Further Research Tl B e S

Sediment buffering

potential?
Continued SAV monitoring, research, and funding! | N ) |
. . : : Squth.
Methodology applicable for study with new 2018 data . .
. . --Dividing line
Improved Hudson River bathymetry data r

between loss/gain

Sediment flux and deposition studies

Studies on the impacts of upstream tributary land
use/land cover on flooding, stormwater runoff, and
nutrient/sediment loading

Long term biological monitoring, looking specifically at ' Res, 3\
juvenile fish that rely on SAV Ao i

Figure: Sean Carroll



Department of
Acknowled gements DATVIANA | e

Thank you!

Dr. Scott Powell
Academic Advisor - MSU

Dr. Bob Peterson, Dr. Tracy Sterling, Marni Rolston
Graduate Committee - MSU

Dr. Stuart Findlay
Research Advisor — Cary Institute of Ecosystem Studies

Neil Curri
Colleague and GIS Advisor — Vassar College



Questions?

Sean Carroll
GIS/Environmental Resource Educator
Cornell Cooperative Extension Dutchess County

smc427@cornell.edu | 845-677-8223 x147




