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Natural Stream Ecosystem

Diverse heterogeneous substrates
that provides habitats for a
diversity of aquatic organisms.

Natural hydrological regime that
provides a diversity of flow
conditions.

Vegetative riparian zone that
provides nutrients to the stream
ecosystem.

Connected to it’s floodplain and
the terrestrial habitat.
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science for a changing world

Natural
Stream
Ecosystem

The healthy condition S
of the physical living 388
space in a natural P
stream—defined by
unaltered hydrology
{streamflow), high
diversity of habitat
features, and natural
water chemistry—
supports diverse
biological communities
with aquatic species
that are sensitive

to disturbances.

Drawing by Frank lppelito, Production Post Stughos, 110 North Fulion St Bloembield, N.J.

Natural Stream Ecosystem

Adapted from Bell et al. (2012)




M Stream Syndrome ZUSGS

USGS 02146700 MCMULLEN CR AT SHARON VIEW RD NEAR CHARLOTTE, NC

Stream habitat quality and benthic macroinvertebrate
community diversity are negatively impacted by urbanization | _..
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Urban Stream Ecosystem

Poor water quality; an unstable
geomorphology with eroding
banks; provides poor habitat.

Altered hydrological regime;
reduced the baseflow conditions;
flashy stormwater runoff.

Riparian zone is often thinned or
non-existent; Primary food source
shifts from terrestrial to algal
sources.

Disconnected from its floodplain.

Watershed managers respond to
urban stream degradation by
repairing degraded streams
using stream restoration
techniques.
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Drawing by Frank Im“hd-chu Post Studios, 110 Nocth Fulton St, Blooméield, M4,

National Water-Quality
Assessment Program

Urban
Stream
Ecosystem

In a highly degraded
urban stream, the

poor condition of the
physical living space—
streambank and tree
root damage from
altered hydrology, low
diversity of habitat,

and inputs of chemical
contammants—
contributes to biological
communities with

low diversity and high
tolerance to disturbance.

Urban Stream Ecosystem

Adapted from Bell et al. (2012)




eneral Research Focus

e | conducted three research studies designed to improve the
understanding of how the increased stormwater from urban
areas impacts the aquatic insect assemblages’ taxa and trait
richness and diversity.

e Impact of land use changes over a period of 26 years on benthic
macroinvertebrate diversity and function in Piedmont streams in
North Carolina

e Fvaluation of the relationship between stream habitat quality and
benthic macroinvertebrate taxa and trait richness and diversity in
Piedmont streams in North Carolina

e /mpact of stormwater on benthic macroinvertebrate diversity and
stream ecosystem function in a Piedmont stream in North
Carolina

25708~ st

-

N e = —
f "7.:.3 ” y e . \
| '3 -

D « B
o -t ’ o




 —

e Benthic macroinvertebrates include all
organisms that live on or in the stream
bottom that are large enough to see
without a microscope and do not have a
backbone.

Benthic Macroinvertebrates

e Most of the benthic organisms are
aquatic insects.

e Other benthic organisms include worms
and leeches, clams and mussels, snails,
and crayfish.

e Benthic macroinvertebrates are useful as EPT Taxa - Photo by Eric Fleek
biological water quality indicators. —



/ Taxa Traits

—

e Taxa traits - characteristics unique to each species
reflecting their position in the stream ecosystem.

e Aquatic insect trait categories include:

Life History — rate of development, adult life span
Mobility — crawling rate, swimming ability, flying
strength

Morphology — shape, size, respiration strategy

Ecology — feeding, thermal, habit preferences
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/Methods — Used in All 3 Studies

1. Benthic Macroinvertebrates collected using
Standard Qualitative Method developed by
North Carolina Department of Environmental
Quality (NCDEQ) Biological Assessment
Branch. Focus of all studies were on the
aquatic insects.

1. Stream Habitat Quality measured using the
Mecklenburg Habitat Assessment Protocol
(MHAP). Based on EPA Rapid Bioassessment
Habitat Assessment Protocols (2000).




S . Impact of Land Use ChangesM

Macroinvertebrate Diversity and Function in Piedmont Streams in North
Carolina

e The Charlotte-Mecklenburg Storm Water Services (CMSWS) has been collecting benthic
macroinvertebrate community data since 1994.

e This long-term data set provided the opportunity to study the impact of land use changes
on biodiversity and ecosystem function in stream ecosystems in watersheds that span a
gradient from rural to urban land use.
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Research Questions

1. How do EPT Taxa and Trait Richness and Diversity
change with increases in percent IC?

1. How will individual taxa and traits respond to
increases in percent IC?
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~—Study 1. Methods: Study Sites

® Urban stream watersheds that
span a gradient of % Impervious

Cover:

Legend
O <10% Impervious Surfaces
@ 10-25% mpervious Surfaces
. >25% Impervious Surfaces

8 Watsrshed

G Developed Space (2016 NLCD Land Cover)
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® Low (<10%; green)
e Mid (10-25%; blue)
e High (>25%; Red)

® Monitored annually since 1994
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located at each sampling site. 0 5 10
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Question 1: EPT Taxa and Trait Assemblages in the Low %IC and High %IC
Streams were Different
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Question 1: EPT Taxa Richness and Diversity Declined at a Significantly Higher Rate
with Increases in Percent IC than Trait Richness and Diversity
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Question 2: Threshold Indicator Taxa Analysis (TITAN) for Taxa and Trait

Richness by Percent Impervious Cover

Ceratopsyche spama
Telzgonops:s deficiens
Perlesta piaoida
Eurylophelia tomporalis
Neopera 2pp
Leucrocuta aphrodits
Paraleptophietia epo
Pycnops yohe. guttifer
AcenYela ampla
lsopera holochlons
AMPRNG MU SpD
reclaspp
Hrachycercus spp
Hexaperdaspo
Polycantropus spd
Nyctiophlacmoesivs
Neophyiax oligus
Pleronarcys.spp
Stenacron interpunciatum
Eccoptwz anthanes
LEpIansioma 2pp
Baelis.plute

Diplectrona modests
Pyonogsyche spo

Lyre dwarsa

Casnis.spp

Ceraciea ancys
Callibaeis. spo

Acentrelia nadneas
Isonvchaspp
Hebcopsyche boreals
Chimarra spy

Plsuamus. dudlus, group
Centropium.spo
Mystacides s2pulchraiis
Cheumatopsyche spo
Labiobaelis propinquus
Maccalediummodestum

m .
O z+
Q .................... =
o... -
| J | | ] | |

% Impervious Cover

Taxa

Paraciososss 1aso
Leucolrichea peclipas
Hydropbla spp
Prockoon spp
Trcaryho PP
Baelis flavshica
Hydropsyche betten
Paraciososes minuius
Baetis inarcalans

o

BRY —
CoL — =
SAB
EAB
NATT
LG
oy
LLF
LIS
VALY
S8E
W3y
NOSTR
S+
GIL
NARN
TEC
STR
GARM
PARN
PO
HCW
CLD
SPR
WRN
VasIy
RORF

J[‘l.llllllud'“

DE
QB

SATT

v
HB
LCow

s ssssssasnsmasnanna

ERC

Ths
K

CF
SLF
CORF
VO

CLG

TTOTTTOTTT T TN T T O T T T LT T T T I

o

20 30 40 50 60
% Impervious Cover

Trait

70

YLOW
.G

N
My
SWH
ADRF
STSW
EPR




Study 2. Evaluation of the Relationship Between Stream Habitat Quality

and Taxa and Trait Richness and Diversity in Piedmont Streams In North
Carolina

e A diversity of habitats with heterogeneous substrates is important for a stream to support a high
diversity of aquatic macroinvertebrates.

Research Questions

1. How do taxa and trait richness and diversity respond to
decreases in stream habitat condition?

2. How are taxa and traits distributed among the
microhabitats found in streams?
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/*
Relationship Between Stream Habitat Quality and Taxa Richness

e Stream habitat condition has been shown to decrease with increases in percent impervious

cover (%IC).
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Question 1: Taxa Richness and Diversity Increased at a Greater Rate Than Trait
Richness and Diversity Along an In-stream Habitat Diversity Gradient
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— Question 2: The Taxa and Traits Found in Riffles, Leaf Packs, and Woody Debris Were
More Similar Than Taxa and Traits Found in Backwater, Undercut Banks and Root
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Study 3. Impact of Stormwater on Benthic Macroinvertebrate Diversity
and Stream Ecosystem Function in a Piedmont Stream in North Carolina

e | examined the impact of unmitigated stormwater runoff on stream channel hydrology,
stream benthic macroinvertebrate taxa and trait richness and diversity, and on an urban

stream food web.

e This study took advantage of a natural field experiment consisting of two adjacent
tributaries that were similar in all aspects except stormwater. One tributary received
stormwater from a residential development via storm drain infrastructure while the other
tributary received stormwater via more natural overland and subsurface processes.

Research Question

How do the benthic macroinvertebrate taxa and trait diversity and richness
patterns differ between 2 tributaries receiving stormwater from different

sources?



Charlotte, North Carolina, USA
35°13' 36.9" N, 80° 50" 35.9" W
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(A) Torrence Creek Tributaries near Huntersville.

(B) The stormwater impacted tributary (Tl) is adjacent to a 200-
home development and the forested tributary (TF) flows through
a forest dominated watershed.



Study 3. Methods

In addition to benthic macroininvertebrate monitoring and MHAP assessment:
Channel Geomorphology and Hydrology Assessment

a. Charlotte-Mecklenburg County Stormwater Services (CMSWS) survey the channel
geomorphology of each tributary in July 2016.

a. The 100-particle Wolman pebble counts were conducted in February 2018 in a representative
riffle at sites TF1 and TI1.

a. The sediment transport capacity of each tributary was modeled by CMSWS using the FLOWSED-
POWERSED model in the RIVERMorph software (Version 5.2.0; Stantec, 2021).
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Question 1: FLOWSED-POWER model results

Shear Stress Predicted by the FLOWSED-
POWERSED Model
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e FLOWSED-POWERSED model
predicted that Shear Stress is
greater in the stormwater
impacted (brown) tributary than
the forested (green) tributary for
the same bankfull event.

e The d., particle size in the Tl
tributary was 18 mm smaller (14
mm) than the d., in the TF
tributary (32 mm).



— Question 1: The stream habitat was significantly higher in the forested
tributary than in the stormwater impacted tributary
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—  Question 1: Taxa and Trait Assemblages were Distinctly Different
Between the Forested and Stormwater Impacted Tributaries
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My first study, Impact of land use changes on benthic macroinvertebrate diversity, demonstrated
that the impact of development (%IC) is directly related to declines in EPT taxa and trait richness.
The decrease in taxa richness reflects loss of sensitive taxa and increases in tolerant taxa resulting
in specific taxa and traits associated with categories of land use by percent impervious cover.

My second study, Stream Habitat Quality and Taxa and Trait Richness and Diversity, illustrated the
importance of a stream having a heterogeneous habitat to support a highly diverse benthic
macroinvertebrate assemblage.

My third study, Impact of Stormwater on Benthic Macroinvertebrate Diversity and Stream
Ecosystem Function, demonstrates the direct impact that unmitigated stormwater has on benthic
macroinvertebrate assemblages.



My results demonstrates the need to improve restoration design to restore the benthic
macroinvertebrate community in urban streams:

a. Addressing the sources of hydrologic alterations as part of a stream restoration plan may lead
to more successful restoration of an urban stream aquatic ecosystem.

a. Increasing diversity of stream habitats enhanced by restoration from primarily riffle-pool
structures and woody debris to include undercut banks, root wads, back water areas, and
structures that promote leaf packs.

a. Expanding the habitat improvement designs that currently focus primarily on the larval aguatic
insect stage to include habitats required by the adult aquatic insects may resulting in self
sustaining improved aquatic insect communities.
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