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Overall Goal

Restored Streams

Goal:

Develop tools for measuring
functional uplift to advance the
practice of stream restoration.
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Objectives

1.

Develop and evaluate methods for assessing eco-
geomorphological conditions of restored streams

Compare eco-geomorphological condition of restored
streams to impaired and high quality reference channels

Devel op a nscaleo for eval
performance

Determine if location, site selection and design relate to
the resulting eco-geomorphological condition of restored
streams
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Ecological Assessment Framework?
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Type Location

GIS Office

Rapid Field

Intense Field/lab

Scale
Watershed

Field

Plots,
transects

Expertise
GIS

Intro. ecology;
Geomorphology;
Soils; Hydrology

Botanist;
Benthic ecologist

1Brooks et al., 2004



Ecological Assessment Framework: Scale

Level 1

Level 3




Scope of the Project

A Visited 156 streams between 2006 i 2012
A Applied five rapid stream assessment methods

A Sampled macroinvertebrate communities from 85
restored streams

A Compiled restoration design data for 79 streams
A Conducted watershed assessment for 130 streams
A Performed extensive multivariate statistical analyses
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Level 3 Assessment: Macroinvertebrates

A Upstream and in-reach sampling
compiled as 6 Macroinvertebrate
Metrics :

A No. of dominant taxa

A No. of dominant EPT taxa

A EPT abundance

A Dominant taxa in common DIC (%)
A % shredders and predators

A Number of indicator taxa




Level 2 Rapid Stream Assessment Tools
Nn=65 restored streams

A Quantitative/Qualitative

A EGA - Eco-Geomorphological Assessment (NCSU for
CWMTF)

A Qualitative (visual)
A SPA - Stream Performance Assessment (NCSU)
A SVAP - Stream Visual Assessment Protocol (USDA)

A RCE - Riparian, Channel and Environmental
Inventory 1 (Peterson)

A RBP- Rapid Bioassessment Protocols i habitat
survey (US EPA)



EGA Components

A Channel & Floodplain Morphology
A In-stream Structure Functions

A Riparian Vegetation

A Aguatic Macroinvertebrates




EGA Score Components: 55 variables

Categories Pomts

Bedform Condition

Channel Dominant Substrate Material 3
Condition

Streambank Stability 6

Riparian Vegetation 5
Riparian Habitat

Floodplain Condition 6
Macro Community Structure 6
JEitel s Cover and Refuge 12
In-stream Structure Function 4
Structures Structure Condition




Rural & Urban Streams: EGA Scores

EGA Score
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Stream Performance Index (SPA)

Channel bedform
Channel pattern
Floodplain connection
In-stream habitat features
Sediment transport

Streambank Condition

o To Io Do Po o I»

Streambank vegetation

Rapid Visual Assessment of 17 Variables; Total Points = 110



5 assessment methods applied at 65 restored
streams: EGA, SPA, RBP, RCE & SVAP

Legend
County Boundaries
EPA Level 3 Ecoregions
I 45 Piedmont
[ 83 Middle Atlantic Coastal Plain
[0 65 Southeastem Plains
66 Blue Ridge

. Esn. DeLorme, NAVTEQ, UNER-WCMC, USGS NASA  ESATMETI NRERN




EPT Taxa vs. RBP Score
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Hypotheses: Prediction can be improved by 1) addressing
collinearity and subjective variable weights and by 2)
adding watershed factors.



Watershed
Assessment

GIS

using
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Macroinvertebrates vs Impervious
S
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Macroinvertebrates vs Impervious

Mountains (n=14) Piedmont (n=30) Coastal Plains (n=19)
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A Non-linear power equation for Mountain and Piedmont



PC2 (28.0%)
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Biplot by Watershed Condition Biplot by Zone

V1= Basin Slope V4 = Curve Number
V2=Time of Concentration V5=% Developed
V3=Watershed Size V6=% Impervious
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First three PCOs
(90% Variance Explained)
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Principal Components by Stream Condition
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R-squared from Linear Regression

%

Shredders Total %
Dominant EPT & Indicator No. of No. of Variability
Taxa EPTTaxaAbundance Predators Taxa Variable: PC's Explainec
EGA TotaRawPoints 0.24 0.29 0.23 0.03 0.26 1
PCA EGA 0.61 0.68 0.62 0.29 0.58 44 11 76.3%
PCA (EGA +Watershed 0.74 0.81 0.72 0.26 0.70 50 12 77.3%
SPA TotdRawPoints 0.07 0.10 0.07 0.09 0.14 1
PCA SPA 0.49 0.47 0.32 0.16 0.39 17 I 78.1%
PCA (SPA + Watershed 0.66 0.68 0.53 0.20 0.56 23 8 78.8%
RBP TotdRaw Points 0.31 0.37 0.33 0.03 042 1
PCA RBP 0.37 0.46 0.39 0.20 0.45 13 ) 77.4%
PCA (RBP + Watershec 0.63 0.72 0.59 0.24 0.65 19 6 77.4%
RCE TotdRaw Points 0.28 0.29 0.26 0.01 0.31 1
PCA RCE 0.61 0.69 0.65 0.19 0.65 19 8 77.6%
PCA (RCE + Watershec 0.77 0.82 0.72 0.17 0.73 25 9 78.2%
SVAP TotdRaw Points 0.18 0.26 0.25 0.02 0.33 1
PCA SVAP 0.59 0.70 0.65 0.09 0.66 14 6 78.6%
PCA (SVAP + Watershe 0.72 0.79 0.66 0.11 0.66 20 7 79.5%
Watershed 0.65 0.70 0.55 0.13 0.52 6
PCANatershed 0.41 0.43 0.34 0.09 0.40 6 2 78.6%



Conclusion la

Rapid stream assessment performance in
predicting macroinvertebrate metrics in restored
streams can be improved with ordination,
regression and addition of watershed variables.
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Conclusion 1b

Rapid stream assessments best predict EPT,
indicator and total number taxa metrics.




How do restored streams compare to
Impaired and reference streams?

A SPA - (NCSU)
A 156 Streams: 93 restored, 21 impaired, 29 reference
guality, and 13 reference streams with minor incision

Method: Use PCA and PC-based factor analysis to compare
stream performance by stream condition




Stream Locations

Pamiico

aund /

Stream Sites County Boundaries
®  Restored EPA Level 3 Ecoregions

o Incised Reference [ 45 Piedmont

©  Impaired | 63 Middle Atlantic Coastal Plain

© Reference | 65 Southeastern Plains
Ay B 55 Blus Ridge
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First 3

SPA PCO
explain

57.5 % of
variance
n=156

PC3

~ni | V Reld

Principal Components by Stream Condition

O Impaired

A Reference




Factor
Scores
with
Varimax
Rotation

Note: Varimax
maximizes the sum
of the variances of
the squared loadings
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Variable

Streambank condition
Floodplain function
Streambank vegetation
Sediment transport
Pattern

Rootmats
Overhanging veg

Leaf packets

Undercut banks

Riffles length slope
Riffles pools alternating
Riffles pools located
Riffles clean material
Rootwads

Large woody debris
Pools length depth
Boulder clusters
Proportion Var
Cumulative Var

F1

0.22
-0.29
-0.11
0.29
0.16
0.14
0.33
0.02
0.02
-0.13
0.24
0.05
19%
19%

F2
0.02
-0.01
0.26
-0.09
-0.21

0.14
0.11
-0.02
0.18
0.38
0.35
0.02
-0.04
15%
35%

F3
0.16
0.05
0.06
0.37
0.12
0.04
0.12
0.15
0.02

-0.07
0.14
0.2
0.13
15%
50%



Factor 117 General Morphologic Condition

Factor 1 - General Morphological Condition

Conclusion: General

morphologic condition

of restored streams Is

1 g , the same as reference
i | f streams and different

" - ' | . from impaired streams.
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14 Sediment transport
6 Pattern



Streambank Condition & Vegetation




