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Presenter
Presentation Notes
I’m Neal Flanagan and I am a visiting assistant professor at the Duke University Wetland Center  and today I am going to talk about some mid-study results of a project  I, along with my fellow investigators Curt Richardson and Mengchi Ho, have undertaken to look at the question  of how climate change will affect floodplain plant communities in the southeastern united states.  With particular emphasis on how climate change will influence the invasibility of floodplain plant  communities


Future Climate Scenario

Global climate change and regional freshwater
ecosystem models (IPCC) agree on two key findings;

1. water temperatures will increase 2 to 3°C and,

2. the frequency of high intensity rainfalls and large
flood events will increase.
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Presentation Notes
Begin by talking about the climate change scenarios that  have informed our study design……


Likely Future Scenario

e Southeastern freshwater wetlands:

> greater number of rapid wetting and
drying cycles
-(I.e. large magnitude Pulses).

> Larger flood pulses will be
punctuated by lower baseflow,



Study Questions

1. How do species-richness, diversity, and “degree
of invasion” differ under varying pulse water and
temperature regimes?

2. How have interactions between hydrology and
temperature affected the current community
composition/invasibility of southeastern
floodplain ecosystems at the regional scale?
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Site Layout

e Nine floodplains wetlands located on
rivers throughout the North Carolina
and southern Virginia.

e Downstream of:

> 3 surface-drawing dams (warm
water)

> 3 bottom-releasing dams (cool water)
> 3 undammed reference watersheds



Site Selection Criteria

» Temperature regime

» Located within the Piedmont Ecoregion
Headwaters in mountains

Primarily rural (forest and agriculture)
High degree of hydrologic connectivity,
> Frequently flooded

» Similar nutrient regimes

» Reference sites have no upstream dams on
perennial reaches

YV V V



Sites

Treament

& Cold

@) Reference

® Wam

Streams

Ecoregion

Piedmont

,,,,,

Cowans Ford Dam

_ Catawba Dam| ~

7

arol

S LA LTS SNNNINS

50 100 Kllometers




DDLE

*Three sites with similar
*Soils,
*Hydrology
*Propagule source
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GRADIENT
SITES -
COLD

*Tempurature gradient toward ambient with movement away from dam
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Presentation Notes
We selected one cold site and one warm site to be further developed as “gradient” sites where we examined the effects of changing water temperature while minimizing the variability of soils, hydroperiod and propagule source.  We set up two additional sites (Upstream and downstream) to create a gradient in water temperature from the near dam condition (either warm or cold) grading to ambient stream temperature.
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Site Layout
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Presenter
Presentation Notes
We have establised two zones at our sites, a lower emergent zone that the begins at  the lower edge of perennial emergent  vegetation and a riparian zone located approximately  20 CM  higher.  The riparian zone is a transition between the emergent  zone and a zone of woody vegetation, though is still dominated by non-woody species Within each zone we placed continuous temperature loggers 7CM below the soil surface in an area with no shading  trees or shrubs

A water level recorder was established to continuously measure water depth across the site.
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Representative SGDD Curves
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Presentation Notes
Because sites rapidly alternate between flood and drained conditions we elected to use soil growing degree days as the best integrator of temperature regime. 
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Presentation Notes
These curves demonstrate that we do, in fact, see temperature gradients at our “gradient sites.
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Presentation Notes
Here we demonstrate that our sites have similar water nutrient regimes
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Presentation Notes
Here we see the hydrograph of one of our dammed sites where we see frequent fairly predictable pulses of water into our wetlands.
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We see a similar pattern at one of our warm dam sites
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Presentation Notes
Our undammed sites show less frequent flood events  and more variability in the amplitude of floods punctuated by a few large storm events


: Hydrology Numerical Summary

Warm 432 4.26 1842 38.7 121

Reference 306 10.7 3291 90 84

Cold 485 4.3 2099 34.4 173
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Presentation Notes
Warm and cold scenarios are similar showing a lower total duration of flooding, more frequent flood pulses more disturbance power
Reference less frequent floods of longer duration, occasional large storms


Analysis of Plant Community Indices

Site specific indices of diversity, species richness
and degree-of-invasion

Alpha Diversity




Most common Non-native Invasive Plants in Research Sites

(small carpgrass)
(sericea lespedeza)
(Chinese privet)
(Japanese honeysuckle)

(Nepalese browntop)

(watermoving herb)

(true forget-me-not)
(Oriental lady’s thumb)

(marshpepper knotweed)
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Correlation of Community Indices with
Environmental Factors
Procedure: Random Forest

Diversity
Shannon
Species Richness (rarefy)

Degree of Invasion
% Stems Non-Native
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Presentation Notes
We examined the relationships between our community indicators and environmental factors using a non-parametric tree-based procedure called random forest which has several advantages over more traditional procedures including handling mixed variable types well, beinginvariant to monotonic transformations of the input variables, is robust to outlying observations, 
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Presentation Notes
Polygonum hydropiper infested mudflat by Pigg River.  Located in downstream of a culvert, the mudflat is subject to frequent flooding.  The light brown color is a thin film of soil covering over the green plant.  Tree species are dominated by Platanus americana and Salix nigra.  In addition to Polygonum hydropier, Murdannia keisak is another co-dominating species.  This Pigg River site has been abandoned for its unusual hydrology as a reference.  Another site further downstream was selected as reference instead.
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Presentation Notes
Water level measurement at Duck Cove off Catawba River reference site.
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Presentation Notes
An autumn scene in Smith  River site, Martinsville, VA. COLD
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Presenter
Presentation Notes
Kerr Dam site, Typha latifolia and Peltandra virginica were the representatives of the aquatic environment while upland species dominated by Symphoricarpos orbiculatus WARM
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Presentation Notes
Ordination reduces multi-dimensional community similarity indices to two dimensions that can be plotted such that points close together have similar plant communites and those far apart are relatively dissimilar

The arrow points to the direction of most rapid change in the the
environmental variable. Often this is called the direction of the
gradient.
• The length of the arrow is proportional to the correlation between
ordination and environmental variable. Often this is called the
strength of the gradient


Summary

e Degree-of-Invasion
o (+) Pulse 18
e (-) Soil temp 2°
e ShannonDiversity
e (+) Soil temp 1°
e (-) Flood Duration 29

e Species Richness
e (+) Duration 19
e (-) Soil temp 2°



Climate Change Scenario

Temperature associated with;
diversity
degree of invasion
Flooding associated with;
diversity (Duration)
degree invasion (Pulse)

Outcome of climate change will depend on
tradeoff of hydrology and temperature



Future Research

Established a set of sites that can be used to examine
many temperature driven processes

e Microbial communities
Sequencing microbial DNA
e Gas Exchange

Effects of temperature and hydrology on greenhouse gas
emission oand uptake

e Plant biomass
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