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ABSTRACT

RIPARIAN HABITAT HEALTH EVALUATION
FOLLOWING STREAM RESTORATION

Michele JuneSapundijieff

Stream restoratiohas been widely used as a crisis response in situations sédvene
stream erosionccurs After an impactedsystem is restoretthe riparian buffer is also expected to
improve,butlittle is known about thectualeffectof stream restoration on downstredparian
habitat conditonT he DO Ol i ve wat er s h e dawatrshedovithtsdveaea st er n
erosion thatischargesnto Mobile Bay, ALThe EPAGs Nat i onsadstoriaggt uary
12 stream reaches within the watershednattempt to reduce sediment loading to the. Béys
study monitoredtream stability and ripariarahitat over a two year study period to quantify
changes in habitdtealthfollowing restorationThe study included the developmenttbé
Riparian Habitat Health Level Evaluation (RipHL&pecifically for use in riparian forests in
urban watershed&rosion potentials anRipHLE values generally decreased following
restoration activityObserved changes in vegetation were attributed to seasonal growth patterns
rather than restoratiodblo cumulative effects were observed downstream most likely bedsise t
two year monitoring period is not sufficient to capttitese change3hese esults will be of use
to themanagemeragencies for establishing baseline criteria on vegetative response and stream

stability following restoration

Xiii



INTRODUCTION

Stream Restoration

Ecological restoration refers to the recovery of a degraded, ddraadestroyed
ecosystem with human intervention (Clew&lAronson 2013) Ecological estoration includes
projects of different scales ranging from local tree plantiodarge ecosystem restoration
projectssuch as theeversionof theFloridaEvergladego its wetland stateHistorically, the
primary focus has been on plant ecology hetstiencehas expanded into many different
system typescluding streams, meadewnd even hilltop (Palmer et al., 20055enerally the
purposes of restoration projects are to increase ecosystem goods and services while protecting
the surrounding habit@Palmer et al., 2005Failures in restoration can be used as a test of
ecological understanding and may reveal knowledges hes gaps can reveal opportunities
for advancement in restoration science since the success of restoration efforts is dependent on the
knowledge of the system and its functions.

Restored systesthat require active and constamnagemerdreconsidered
ecobgically engineeredn these systems, tlegosystenis redesignedising exgineering
principlesto reestablistbiophysicalprocesseto improve societal and environmental benefits
(Palmer Filoso, & Fanelli2014). This is differentfrom ecological restoration which is less
invasive and requiresore passive managemeamdnorninterferenceEither way, both
ecological engineerg and restoratiofocus onecosystem resilienadefined as the abilitio
recoveror withstand most disturbanc@®almer Filoso, & Fanelli, 204).

Specifically, sream restoration refers to the recovery of the present riverine system to
pre-disturbance condition (Berger, 199T)ese restoratioaaregenerally in response to crisis

situationswhere somethingsuch as theemoval of theiparian bufferor downstream headcuts,

1



imbalanceshe system and can cause accelerated morphological chemgess stream incision,

head cuttingand undercutting of th&reambanks(Berger, 1990 It is important to notéhat
streamchannels are dynamic by nature as their position naturalyesover a decadal time

scale A natural and healthy stream channel should show changes in geomorphology over time as
the stream reds to environmental stressoltsis when those positn changes &r morphologic
characteristics, such as dimension, pattern or prsfd@jficantly that a channel is no longer
considered in equilibriurMiller & Kochel, 2010)The most effective restoratioase

multifaceted taachieve multiple goalke reducing streambank erosion, improving water

quality, improving floodplain connectivity, increasing diversity, and decreasing storm runoff

velocity in the channel (Dowr& Kondolf, 2002).

D 6 Ol WateeshedRestoration

The specific work sitesinthissudy ar e | oc at eCleekwatdrshedn t he D¢
southeaternAlabama. The watershedn c |l udes t hree main -Jogs butari e
Br anc h, Branoh@hdiTiaveasee CreeKFigurel). Thesempactedsystems are in a
highly urbanized setting and erosive potential threatens infrastristicineasnterstates and
housing developments. Large volumes of sedinmrdsibly reslting from these eroding banks,
are transported throughewatershed into Mobile Ba§Collini, 2015. This negatively impast
water quality in both the streams and the lgydlisturbing the sediment. Any disturbames
causepollutants adhered to tleediment to becommobilizedin the water columiiNamouret
al., 2015. As the sediment moves through the system it is deposited along the streams and into
Mobile Bay which can redudée total area aofritical habitats, decrease water quality, increase

turbidity causing vegetation lines to recede, and lead to further erosion



In responséo the increased erosioa collaboration betweethe Mobile Bay Naond
EstuaryProgram representatives from the City of Daphne, Alabama Department of
EnvironmentaManagement, Geologic Survey of Alabama, Northern Gulf Institute, University
of South Alabama, and Dauphin Island Sea, idéntified twelve stream reaches in need of

restorationFigurel).
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Figurel: Mobile Bay National Estuary Program restoration and monitoring locations in the
D®live Creek Watershed he restoration reaches are noted in red and labeled in the text boxes
(Collini, 2015).

The plans include monitoring for sedimentation and flow, water quality, submerged
aguatic vegetation, wetland habitat, riparian habitat, arddy@s shown irFigurel. The
presentesearclwill determine theeffectsof restoration on downstream riparian habatithe
D6 Ol i ve Cr eaadcreatesdanede®rhrigatan habitat monitoring in theositheastern

United States



LITERATURE REVIEW

Riparian Habitat

A riparianbuffer, as defined by the USDAoFestService is the aquatic and adjacent
terrestrial ecosystem directhffectedby the aquatic environment including streams, lakes, bays,
floodplains and wetlandssillian, 1996) Others define a riparian buffer as a complex
assemblage of organisms in an area adjacent to laterally flowing water that rises and falls at least
once wihin a growing periodGillian, 19%). Regardless, the riparian buffer suppahne fluvial
ecosystem and iagrates many interactions between the aquatic and terrestrial ecosystems
(Gonzalez deTarago & Garcia de Jalon, 2010)o protect these ecosystems best management
practices, likaiparian forest buffer systemisave beemstablishedswater quality contrd in
forestry and other @pationg(Gore Bryant & Crawford 1994. Best management practicae
techniques, measures, or structwaitrols that helpnanagehe quantity and quality of storm
water runoff(Loperfido, Noe,Jarnagin& Hogan 2014.

Riparianbuffers provide many ecosystem servi¢ES)including water infiltration,
aquifer recharge, soil carboaciestration, flood attenuatiaeduction of hydrological riskand
serve aswrseries foriverine and oceanifisheries(Gonzalez del &nago & Garcia de Jalon,
201Q Meli, Rey Benayas, Balvanera, Martinez Ran2@4,4. The riparian zone can influence
biodiversitythrough its buffering ability to prevent the spread of disturbance related ecological
issues such as invasive speciasectsandbiologicaldiseass (Osbourne & Kovacic, 1993)
Riparian zones can influenegianmigratory patterns by altering food availabilégd
biogeochemical pathways and ralbgsdiluting, concentrating, modifying, or incorporating
pollutants or chemicalas they travel throughout the channel syst@sbornes Kovacic,

1993).The presence afparian forests impacts geomorphology, concentrations of bioavailable
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nutrients, and algal biomasglependently of urban effedf$/alsh Roy, Feminella, Cottingham,
Groffman, & Morgan2005)

Riparian buffers support fluvial ecosystems and integratey iméeractions between the
aguatic and terrestrial ecosystems (Gonzalez del Taadgarcia de Jalon, 2010j.is
important to protectiese riparian buffesecause they senas crucial habitat for aquatic and
terrestrial organismg hebuffers can varyn sizefrom a mowed strip of grass betwesstream
and a housing foundation, to an intact forest surrouragtigeam.Increases in stream biota have
been linked to vegetation typ#ecreasedrosion hazardand increasetbrest cover $impson &
Norris, 2000 Stewarf Wang, Lyons, Horwatich & Bannerm&)01).Dominant vegetation in
another study was correlated tesitneam nutrient concentrations, physical characteristics of the
environment and energy balance (Tandkaxeira de Souz&/oschini, & Kannebley2016)

Several studies have linked riparian habitat quality to stream quaktyofne &
Kovacic, 1993)Riparianbufferscan ater water chemistry before substances enter a lotic system
by adding, removing or amplifying substaramncentrationsmoderating temperature, reducing
sediment input, stabilizg stream banks, anaroviding organic matter into streanf®sborne
Kovacic, 1993. Thesebufferscan helpcontrolnonpoint source pollution (Williams et a2013)
andtheimplementation of lovenvironmentaimpactarchitecturatesignprinciples can improve
that control Low impact design redus@anthropogenic impacts on the environment by reducing
connectivitybetween impervious surfaces amdter systeméWalsh et al., 2005).

To effectively utilize riparian buffers it is important to not only understanit thaction
butalsother structure Changes in the physical habitat are impacted by the interaction of
sediment supply, sediment transport capaeityl vegetation, which illustrates the importance of

riparian zone composition (SegwaBooth, 2010)Riparian bufferdiave differenvegetation



zoneswith increased distance from thea t edgé(daiman, Décamps, & McClajr2005)

These zones are broadly classified into a lower, or inner, floodplain that is frequently flooded
eachyear, and a higheor outer floodplainthat is flooded less frequentlhe vegetationn

riparian bufferss influenced by flow magnitude, inundatiorea, andrequency oinundation
eventgWinward, 2000) These hydrologic factors can alter the water availability and changes in
the hydrology may begin to favor more flood or drought tolerant species over existing.species
Tree dominated riparian zonepide several ES including streambank protection, structural
diversity, species diversity, stream temperature control, and habitat value (foraging, thermal
cover, nestingsiteg t ¢ € ) ( Wi n.Waadydspeci@s@re ionportant in riparian areas to
increase substrate cohesion and modification of bed roughness which are erosion controls both in
the channel and floodplaiGonzalez del @nago & Garcia de Jalon, 2010)

Land use and riparian vegetation condition have also been found to impact fluvial
processes such as stream bank erosion and deposition which alter channel morphology (Gurnell,
2014) Riparian vegetation can reduce streambank erosion by using the roots to hold sediment
intact and varying land uses can reduce infiltration by riedwsoil porosity, lowering sugce
roughness and rates of evapotranspiration which impact the stream (Gurnell F20dsk).
buffers with large woody species, while not the only stream bank vegetagmfound more
effective in reducing stream Hdaprosion tha grassbanks (ZaimesSchultz, & Isenhay200).

This highlights the importance of restoring woody stream bank vegetation and not just grassy
vegetatioras vegetation is a driver in shaping channel morphology (S&gBoth, 2010) This
relationship beteen woody species and erosion is also evident in seasonal changes along
forested stream banks where most erosion occurs in early .sphisgs when the only

protection is mechanical reinforcemedta{mes& Schultz, 2015)



Environmental controls of streamside forests within the riparian buffer havenedien
studied but more insight into othenvironmentatontrols is neede@Pi el ec-h, Ani og
Kwi at kows ka,,2086).8zcaasSni ialke d -Kwatkdvske, ke ch, Ani o
Szcai Sni a k hefeza@ tany factors that impact forest compostimm astreamorder,
water chemistry, flood duratiospecific landform, soil textur@nd landscape variables (forest
continuity, forestover) Stream order is often associated withevajuantity and therefore may
have a hydrologic control on streamside forest composition, much like flood duratelable
nutrients and toxins in the stream may be more favorable for species suited to that resource level
Landform characteristics suels slope and aspect may have shading implications which reduce
light availability or solar radiation, thereby decreasing stream tempergbaietexture is one of
many components that impact the establishment of plant communities by affecting the root
dissemination though the soil and nutrient retention ability. Soils high in sand will likely have
lower available nutrients compared to clayey soils due to differences in cation exchange
capacity Other landscape variables will impact the ability of foréstsaturally regenerate.

Proximity and elevation above the streeam impact vegetative growth because lower
elevations are associated with periods of greater floahdgcan leatb anoxia. Certain plant
speciegAthyrium filixfemina, Dryopterispinulosa, F. excelsior, Carex sylvatica and Oxalis
acetoselldaremore tolerant to these anoxic evefit® i e | e eKhw,i aArkiooMms ka, & Szc
2015) Elevation has consistently been found to influence species richness and composition
(Newton et al., @12). A studyin Wisconsin found th&tood toleranceeaused®9.6% oftree
species variatiarin the same studyelative elevatioralsoexplained variation itree species
and abundanc@urner, Gergel, Dixon, & Miller,2004). In Veracruz and @aca,Mexico,

elevation was significantlgositively correlated with species density with r values at 0.85 and



0.62 respectively (p<0.05)put there was no significant relationshipaistudy fromCentral
Chile (Newton et al., 2012)n Veracruz elevation wasgsificantly correlated to species
richness (r=0.83) where@¥axacaand Central Chilshowed no significant relationshipNéwton
et al., 2012 A study using wetland indicator species predictive modelling founceteaation
abovethe channel explainedelgreatest deviance for herbs (19%) and shrubs (37%) which
indicates that terrain elevation drives understamposition(Shoutis Patten & McGlynn
2010)

Studies on the response of individual plaméaesto environmental variablesakie
shown thatree speciesanhave oppositeesponses alongnvironmentagjradiens (elevation
altitude,distance to the strearq)P i e | e eKhw,i aArkiooMp k a, & .Szsamen Sni ak,
species increase in biomass as altitudes increase, other species decreasessidtimving the
same increasé his illustrates that plant species have different tolerances to environmental
factors. This concept is important when considering riparian buffdenagement decisions can
be based solely on the width of a riparian byffeit as the research suggests, otheables
should also be consider¢@i el ec-Kwi Ahkowska, &) BewdhiSniak, 2
distance to the stream, altitude and elevaaieall factors that need to be considered when
creating and protectingparian buffersUrbanization and upstream restoratiamalter
downstream conditions, laffectingthe contributing water sourcgiality and quantity (through
impervious surfaces which increase stormflow in streams through overland flow rather than
groundwater infiltration) and forest continuity (through fragmentation resulting from
urbanization\Pi el eckHKwi Ahko@wska, &)SzcznSniak, 2015

Another aspect of riparian habitat health is indicated by species diversity, which is

impacted by both gTies abundance and species richness (the number of species present in a



sample) (McGinley, 2014Riparian plant diversity has been linked to greeggronal

biodiversity, wildlife and ecosystem functiokr{ops Wedin,& Tilman, 2001; Balvanerat al.,
2006; Meli et al., 2014)Although high diversity is not critical to maintain ecosystem processes
in stable conditions, it is importafdr resiliencyunder changing conditioris/ enabling species

to respond and adaffleland, 2011)

Diversity loss ategional scales can reduce the diversity of colonists in disturbed or
degraded systemwhich can reduce ecosystem resilie(tf¢eops et al., 2001 This will limit the
potential for compositional adjustments in response to changing environmental condh®ns
rate of leaf litter decomposition is not coneigtacross all plant speciéhe decomposition rate
alsoimpacts the diversity of producer macroinvertebréte®ps et al 2007, whichis
important because as diversity is impacted at lower trdphéls it may lead to a variety of
responses at higher trophic levels (Lorea®120

The relationship between ES and plant divetsityignificant and cahe used to quantify
floodplain biodiversity. Riparian forests were found to provideree of eightecosystem
services studiedsfil formation, gas regulation, nutrient regulation, habitat provision, food
provision and raw materials production, education and recreg@anman forests The strongds
correlationsverehabitat provision, education, meation, nutrient regulation and soil formation
(FelipeLucia & Comin, 2015)In thestudy,plant diversity was determined through three
diversity indexs: species richness, species diversity and total abundsliose correlations
between ES and plant digity were positive and significant, and many of them (39.58%e
strong (]0.7] > r > |0.5|) or very strong (r > |ORipvisionof habitat(0.80 > r > 0.50Wwas
correlated with all three indices allowing plant diversity to serve as a proxy for habnetion

(FelipeLucia& Comin, 205). Plant typeherbaceousersus woody also provides varying



levels of habitat and stability.shan example, eonversion of herbaceous to woody stream bank
cover reduced the erodibility of streams by as magB9% in the Blacksburg, Virginia area

(Wynn, 2004). 8me evidence suggests that the individual plant species is of greater importance
than the overall diversity especially in soil proceskegumes, for example, have a stronger

effect on plant biomagbkan other plant typgtoreau, 201).

Factors Impacting Riparian Habitat Health.

The forested buffer width, the size of the intact riparian forest surrounding a stream, has
been linked to stream quality (Stewart et al., 200hgse riparian buffers hawalso been shown
to maintain species habitat througtovison oforganic matter and debitig the systenand
regulation ofstream temperatus¢Wenger, 1999). Bst managementacticeshave been
specifically created to protect water bodies by keepihgaat some width of riparian buffer
intact(Lowrance & Sheridan, 20090 many places this buffer is protected by legislation since
the forest has been shown to reduce runoff entering water bodies therefore reducing nutrient
loading and sediment input frosurrounding urban or agricultural land (Lowragc&heridan,
2005; Wenger, 1999) Legislation in the sutheastern United States, where the present study is
located protectsan average riparian buffer width of 12.1m for intermittent streams and 19.4 m
for large streams (Lee, SmyghBoutin, 2004) A study inWestern Lake Michigan and the
Upper lllinois River Basins in eastern Wisconsirowed that buffer widths d5-30m can
provide sufficient protection depending on local hydrology, soil factors apd (@tewart et al.,
2001) Larger buffer widths (3@n) were correlated with higher fish species diversity whereas
smaller forest buffers (@0 m, 1320 m) had higher abundances of pollution tolerant fish species
andfewerintolerant species (Stewart et al., 2Q0)is shows that larger buffers maintain the

necessary Hstream habitat needed to allow intolerant species to prevail, indicating a healthier
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system Percenof forestlandwithin the watershed was also relatedncreased fish diversity
(Stewart et al., 2001The size of an adequate forested buffer varies witlyfeofspecies in
guestionAs an example, larger buffers are needed to protect terréatnedthan aquatiand
vegetatiororganismsAquatic macoinvertebreates were more strongly correlated wit3Qit
buffer widths (Stewart et al., 2001) compared to songbirds that were more correlated with larger
sized buffer widths. Specificallypopulation diversity and density of songbirds increase with
foreded buffer widthin several studiefrom 25m to 800m in width) Shirley & Smith, 200k
Nearly ninety percent of all bird species were located withir1IZm of the streams compared
to 90% of plant diversity located within 1® of the streamSpackmar& Hughes, 199b

Bank Erosion Hazard Index (BEHH a model that measwseveral geomorphic and
erosion indicators that can help define stream health by estimating the risk of bank erosion.
BEHI was related to riparian health through studies correlating lower BEHI scores to higher
macroinvertebrate abundances and diversityts(iRosgen, 2001Simpson, Turner, Brantley &
Helms,2014). Organic matter retention levels were also higher at low BEH|, siigigating that
areas of less risk to erosion provide better aquatic habitat (Simpson et 4). Hxlitat
complexity (i.e.increased diversity) was important in community stability as stable streams (low
BEHI implying low risk of erosion) were linked with higher macroinvertebrate abundance
(Brown, 2003; MykraHeino, Oksanen, & Muotk&011; Simpson et al., 2014 axon richnss
in the sediment substrate was significantly negatively correlated with erosion and that taxon
diversity was greatest during intermediate rates of sedimentation/ dep{iéityaike & Nakano,
2002)

Higher tree densities arower percent canopy cover forest regeneration stands

following timber harveshave been correlated with higher macroinvertebrate and fish
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abundancefNislow & Lowe, 2006) This suggests that moderate light attenuation through the
canopy (moderate meaning an intermediate betwdleanid no light reaching the forest floor)
may be most efficient in excellent habitat conditions compared to high canopy cover
percentagesintermediate canopy coveiill increase percemjround covebecause the canopy
will not shade out the understotyallows for both shade and sun tolerant species to establish
within the riparian zoneThis provides an increase in food sources available to terrestrial
wildlife. Canopy cover also varies with land usdighly impacted agricultural systems in the
coastal plains of Alabama have on average 5% canopy coverage, urban impactedstveams
50% canopy cover and less impacted interior stregamerallyhave80-90% coverShaneyfelt
& Metcalf, 2014. This illustrateghathigher canopy cover (meaning lesghli reaching the
forest floor)is generally related tower levels of impact (urban, agricultural, intact) (Shaneyfelt
& Metcalf, 2014) In other words, higher canopy cover is ideal. HoweVeret is competing
evidence that forests with extremely higinopy cover (>95%) were associated with lower
macroinvertebrate abundand@swnsend, Scarsbrook, & Dolédec, 1997). In this same study,
areas withntermediatecanopy coverbetween 7880%, were assoated with high taxon
richnesswhich suggests that intermediate basal canopy cover is ideal for both light attenuation
and macroinvertebrate abundance

Tree basal area is a measure of the average area occupied by treBasaheea
provides arestimateof biomass per acre and Hasen shown to have impacts ather
ecosystem conditions such as ground cover and understory growth &S8upyh, 2006).
Optimal tree basal areas noted by the Mississippi Wildlife, Fisheries and Parks department are
around 13.716 squaremetersper hecteeto balance wildlife and timber objectivéslledge &

Barlow, 2012. Optimal wildlife habitat basal area is less ti&n7 square meteperhectare
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whereas forests with basal areas higher fl&asquare meters per hectah®w negative impacts
in overcowding, resource competition, and disease outbrebédge& Barlow, 2012. Basal
area is variable with less direct impact on species richness.

Bank root density, organic matter and presence of nonriatigsivespecies are all
linked in quantifying habitat qualityHigherleaf biomass of nomativeinvasive species
characteristic of degraded sites, specificAlbacia macracantha, Citrus aurantiulm,
Ligustrum lucidunGleditsia triacanthod.., Morus albaL., Pinus taedaL., Pyracantha
angustifolia andRicinus communik. This directly relates to differing biochemistry between
native and exotic species which can introduce chsunghabitat quality by changimgitrient
input resulting frondecompositionThes exotic species leaves have higher cellulose, lower
nitrogen and lower chemical inhibitors which negatively impacted microbial decomposition of
the organic matter (Mes&eynaga, del Correa, & Siromb2013) This significantly higher leaf
biomass thereire is related to poor condition riparian habit8&nk root density is also
impacted by exotic species composition. Some authors suggest using the diversity of native
species rather than presenceofative invasivespecies at a pristine location taekenine
habitat conditior{Casatti Ferreira, & Langeani2009, dueto the anthropogenic influence on
exotic species encroachmefrt other words, nomative species can be spread naturally using
phylogenic adaptation for increased reproductive efficiency (Slesole, dispersal, tubers, etc)
but they can also be spread through seeds on tractor tires, accidental species introddctions a
other human interference. Therefore, in urbanized areas where the spreadhafiveospecies is
also likely contributed to humans it is not suggested to us@atives to study habitat intactness

because is in a nematuralized manner of invasiveness

13



Structural complexity (vertical structure)asother factor impactingparian health via
biodiversity Terrestrial wildlifeabundanceas an example, increases with light attenud@bdhe
forest floor This increases photosynthetic activity whichregases the amount of leaf litter in the
floodplain, which when decomposes reintroduces nutrierls ibéo the forest soils, improving

growing conditiongTownsend, de Lange, Duffy, Miskelly, Molloy, & Nortp2008)

Stream Restoration

As previouslynoted, sreamsare dynamic systems that under natural conditions will
continually altettheir channelsin response to stressresams have natural resilience which
allows a channel in disequilibrium to-establish that equilibrium in five stagésstable, II)
incising (degradation), 1ll) widening, 1V) aggrading and V) quagilibrium Zaimes &
Schultz, 2015 A force that will shift a stream out efjuilibrium (stable state) causes a stream
incision, where the stream begins to deepen so thaatileHeight ratio is greater than 1.0. After
streams incise the forces of the water can erode the stream bank causing the stream to widen
which can reduce the velocity of the flowing water and introduce excess sediment into the
riverine system which is geraly following by stream bank/ channel aggradation (or deposition
of sediment to increase the stream gradient). Following the deposition of the eroded sediment
the stream will reach a quasguilibrium or steady state once more until another force @sieh
large rainfall or runoff event) shifts the system out of equilibridrnus in response to changing
environmental conditions, stream channelsroggrate or shift This has implicatiosiin channel
restoration sinceestoration plans need to coemsa¢ for the dynamic nature of streams.

As an example,feer channel reconstruction 60% of sites resulted in at least a 20%
change in channel capacithe ability of a stream channel to transport its water and sediment

inputs without changing its dimensior{8}iller & Kochel, 2010) This is important because
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large changes ithereconstructedhannelwereassociated withigh transport capacity,
incresedsediment supplyandeasily eroded bank materialghich were not anticipatien the
restoration design®therstudies showhat overtime restored r@ches will begin to degrade and
continwally erode supporting the claim thahanges in channel stability occur over large time
scalesAt one particular restodestrearside meadowhe channel was ineedof a second
restoratiomine years after thiaitial. Seven yearafter the completion of the second restorgtion
indicators ® channel instabilitynamely channel incisignvere presentRope, Lisle, Montoya,
Brownlee, & Dierks2015) Another study showed that restoration can improve channel
heterogeneitypy decreasing the amount of fiparticles directly downstream from restion
structures by 25% his study also showed that sediment distribution was significantly different

at all study site after channel reconstructi¢@ollins Flotemersch, Swecker, & Jon@§15.

Causes forStream Restoration.

Healthyriparianforests are importattecause atheir high levels of biodiversity, flood
mitigationapplications and stream bank erosion prevent{Segura& Booth, 2010)Urbanizing
landscapewhich cause a loss of floodplain and riparian buéfamtinue to be a maitause of
stream restoratiofmhis is primarily because prime candidates for stream restoration are those of
economic or intrinsic value to the people in those urban landsdspasbanization continues to
fragment the landscapsaparianforestsserve adothecological and genetic corriddostween
greenspace® i el ecKwi Ahkows ka, & .TBeseautid norridoksare2 015)
susceptible to many disturbances that may create a need for restoration of the stream and riparian
zone A disturbedstream where channetosion threatens urban infrastructure is a primary

candidatdor restoratiorwith economic and ecologic implications.
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Urbanization leads to an increasempervious surfaces whighcreases storm water
runoff directly to streamsThis exacerbates peak flowwith smaller lag timesigherpollutant
loads,potential forchannel erosion and decreasedewguality (Booth& Jackson, 199AValsh
et al., 2005Palmer, Filoso, & Fanelli, 20)4Studiesshow that bardheight ratio, which is
ratio to describe channel incisiamean channel grain siznd crosssectional arearegreater
for urban streams than rural streams indicasiedimentation in downstream reaches and
upstream channel instabilitiedrbanized channgshowed 3.4 timethe maximumcapacityof
water within streambankbanr ur al st scellaSulsan, & Cegce2009).

Other effects often associated with urbanization include reducedi®asend increass
suspended solid$Valsh et al., 2005 The flow regime within a river itself can also change
drastically withincreased urbanizatiorOverland flow increaseas streams are urbanized which
increases the total volume of water withistream leading to smaller lag times before peak.flow
The lagtime refers to théime lapse between initial rainfall and peal flow within the channel (a
decreased lag time indicates less water is being absorbed or diverted before reaching the channel
which may cause the system to become flashier meaning quicleacto peak flow)This can
increase the erog potential of the waters lemd to increased channel widths and sddalsh
etal., 2005) These issues at the local or regional level can amplify downstream as fine sediment
is transported which can resuita flux of nitrogen in coastal watelglmer, Filoso, & Fanelli,
2014.

Urbanizationcanalso lead to simplified channedorphologies with uniform bedsd
fewer, deepempools Walsh etal., 2005 Segura& Booth, 201(. Urban $reams can become

incised or disconnected from the floodplain, causing lateral constraint which modifies natural
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floodplain development and geomorphological procesSelswartz Neff, Dworak, &
Woockman2015).

Along with changes in geomorphologypbanization mayesult intree removal in
riparian forests. @nopy loss in urban stream eliminates overhead shade as a temperature control
and limits leaf litter into the syste(Booth& Jackson, 1997) eaf litter becomes part of the
aguatic food chain and thus its removal cagatigely impact biodiversityOverall, urbanization
can reduce biotic richness and increase dominangellotion tolerant specieP@ul& Meyer,
2001;Meyer, Paul, & Taulbeg2005).

In areas where grazing is common along stream banks, livestodiestaay bank cover
which providesnatural erosin protection and removeatural riparian vegetatiorlowever, the
effects of grazing on streambanks are more commonly studied in native grassland ecosystems
rather than forested buffe&.study by the Uniersity of lowa found that even though there was
decreased vegetative cover where livestock had unlimited access to streams, either continually
stocked or rotationally stocked, there was no net change in erosion compared to ripagran buff
with grazing extusion (Haan, Russell, Kovar, Nellesen, Morrical, & Strohh&@97) On the
contrary parcels in central lowaith differentland covershowed changes in net erosion from
19982002 forest buffer (75 tonnes/km), row crops (484 tonnes/km), and pastuaes(pr(557
tonnes/km)Zaimeset al, 2006) In this case, grazing did directly impact the net erosion on
stream banksThis is further supported by studies in Alberta, Canada which show that the
removal of cattle significantly increagbank stability ad riparian vegetation biomass
(Scrimgeoug Kendall 2003. Despite the discussion regarding &éxtentof impact that
grazing has on streambank erosiaathors agree thétis a contributing factor tdecreamg

riparian vegetationrhe reduced vegetation cover can result in issues such as reduced stream
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shade, increasing water temperatures, increased turbidity, and alternating depositional and
erosional patterns strongly influencing channel morphology (H&rge Roper, Wheaton,
Budy, & Lokteff, 2013).

Stream degradation resultsintreasedediment yieldswhich as a nooint source
pollutant, causedegradatiorof the physical and biological stream function (Rosgen, 2@0GLa
result,thelossof biodiversity in running waterystemscurrentlyexceeds that déerrestrial and
marine systems indicating a need for improved restoration sqieateer, Filoso, & Fanelli,

2014).

Stream Restoration Practices

Effective ecological restoration may include several diffepeatticeshat are often
confused with the term restoratiorhesepracticesnclude rehabilitation, reclamation,
revegetation and remediatidRehabilitation refers to the reparation of ecosystem processes,
productivity, and services rendered without regard teezoig the fullest possible
reestablishment of preexisting biota in terms of its species composition and community
Reclamation involves the conversion of land from an economically worthless condition to a
productive condition (agriculture, aquaculturesiviculture) Replanting degraded or reclaimed
land is termed revegetation or reforestation depending on the nature of the plant species
Remediation refers to pollutant removal or reduction (Clesvélronson 2013).These methods
are used duringestoation projecs but eachmethod alone does not constitute a restored
ecosystem

Many different ecosystems, at different levels of degradateomging from conversion of
grassland habitats to superfund site contamination, may be in need of rest&ation

restoration is regionalr site specific. There are many approachesreanrestorationRosgen
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(2007) introduces the idea of natural channel design which uses local reference ralaciges,
with hydraulic relationships and sediment transport maakes restoration gadlatural channel
design groups similar streams with simit@iaracteristics (morphology, sedimentology,
hydrology, and biologylogether as opposed to treating the system the same as those in different
regions(Rosgen2007)

Rosge® s 1) 2a@u@l channel design methischot without its critics. The method
follows a form based approashthat the design of the reconstructed channel, or its form,
creates function, or provides ecological amadgical benefits, withouanalyticalassessment of
existing conditios (Simon et al.2007) There is much debate within the literature over the
academic validity of the basic assumption within the natural channel design method due to
regional variability in geomorphic processsponse reginse(Juracel& Fitzpatrick, 2003) and
identifying bankfull stage across unstable stream banks @9&%; Simon et al, 2007pther
critiqgues of the method apply to its lack of analysis of existing geomorphic conditions, such as
bedload transport (Hey, 200@)here is also concern that if the stream being restored is not
accurately described by the reference reach conditions (undergoing different rates of geomorphic
processes), then it will continue to be unstable afteatieenptedestoration (Juracek
Fitzpatrick, 2003). Other discussions of limitations to the natural channel design method are
prevalent in thditerature, which furthecritique subjectivity in analysis (RopaBuffington,
Archer, Moyer, & Ward2008) and the concept of channel classifocatvithout extensive
geomorphic and process based analysis of components like bedload, sheer stress, gradient, and
other factors (Gillian, 1996; Savemgelt & Higging 2001) Despite its criticism, natural channel
design is the most widely used restaratpproactfor many government agencies (Simon et al.,

2007).
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The techniques employed in stream restoration such as natural channeadesign
intended to reduce erosive forces upon the stream b@okse examples afesign choices
includel) cross vanetructures, which are designed to reduce-beak stream velocity and
simultaneously increase main channel energy 2anthooks(Figure2a), typically placed on the
outside of stream bends designed to reduce bank erosiateamd@s@ear bank velocity. Wing
deflectorg(Figure2b) are designed to decrease the width of avielened streams (Rosgen,

2001) These can be created using natural materials such as woody mateaggsegate

material foreign ta@oastal plairsystens such as boulder&igure3). Other methods of restoring
resilience use hard stabilization technigsesh agextiles rip rap, and stream channelization,
which are less ecologically friendly and often constrain the channel (Palmer et al., T2@%)
stabilization techniquesre employed when erosion might be a threat to infrastructure or when
accelerated erosion in [zent

Channel reconfiguratign s uch as Ros g esofiersards@psété) met hod,
infrastructure threat and provides immediate risk reducBtundies suggest that restoration
involving natural processes like plantsigmore likely to succeed ovené long term.

Drawbacls to enhanced natural recovery however include longer intervals before risk reduction
is achievedMiller & Kochel, 2010)

Hard stabilization techniques used within the stream channel, like rip rap and textiles, can
hinder fish and ther organism migration, become safety hazards, impact recreational activities
such as canoeing, and can be composed ehatural materials (Miller & Kochel, 2010). Other
river restoration practices such as localized bed and bank treatments, habaaement
devices, and stream channel reconfiguration may be used to meet restoration goals (Pielech,

Anikwi at kowska, & SzcznSniak, 2015).
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Figure2: Diagrams showing two differehiard stabilizatiogeomorphic structureseated using

stonednstalled in restored stream®: j-hook (eft)' and b) wing deflector (right).

Some hard stabilization techniques involve placimgey material, which is natural
habitat in streams, using machine®yiggested¢hanges in forest management to allow riparian
forests to mature would create a renewable source of instream woody material that would not
prevent natural channel migration (Palmer et al., 20D&Y.ent crticisms suggest that wetland
restoration methodso not allow for the full recoveryfdiogeochemical function and biotic
structure (Meli et al., 2014This might be attributed tanimproperapplicationof restoration
techniques like the inclusion of large woody matdriadreasvhere the woody mateti needs
are higher or lower than the referenced studiesan examplehe impact of large woody
material is well studied on salmon habitat in the Northwestern United Statessearch on
large woody material in the southeastern United Statast iasthoroughly documented

(Opperman, Merenlender, & Lewis, 2006).
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Figure3: Examples of hard stabilization techniques used in the study area at a) Joe's Branch step
pool conveyance (completed 2013) and b) JB1R (compl€&i#H).

Vegetation Restoration

One of the difficulties in wetland restoration is tikeestablishment of woody species
(Clewell & Aronson, 2013)Even under natural conditions stable plant communities can be short
lived. Long term selperpetuating communmésin one studyvere only found in areas with
stable enough environments for the community types to reach equilibrium (Winward, 2000)
Therefore geographic location is vitab the establishment stream side vegetation the
southeastern United States woody species are more commajrdhanoid specieghich can
spread by seed by vegetative expansiofhe high root mass in woody species reduce erosive
potential by increasing the flow resistance on the hard provide food source habit§Zaimes
& Schultz,2015) Woody species are more difficult to restore ugpagsive approachssich as
natural regeneratiofHough-Snee eal., 2013)and are insufficient as the only restoration activity

(Walshet al., 2005)Ripaian woody expansion is much slower than graminoid expansion which

22



decreases the zoeability to quickly reach restoration objectives without active management
Since it is necessary to restore vegetation as a method of bank protection, monitoring and

management after the restoration may be required

Issues with Restoration

Although restoration may seem beneficial, oftentimes the biodiversitiz&add not
reach predegradation levefs metaanalysis of restoration and biodiversity studies showed that
nonrecovered ESsoil amendment anekvegetation can lead to a decrease in biodiveosity
24% as compared to natural wetlagilieli et al.,2014).Direct impacts can also reduce habitat
provisionthus affecting species regeneration and reestablishA®an example,teeam
channeimodificatiors can result in homogenous instream habitat patterns reducing habitat
availability for many specie€€khout, Hoitink, de Brouwer, &erdonschagt2015). Even
though ES may not reach pdegradation levels, thereapossibility for ES recovery. A meta
analysis of studies on ES and biodiversity throughout the world showed that ecological
restoration overall increased biodiversity by 44% and ES by 25% comparedr&siomr@ation
levels (Newton et al., 2012). Thesamers are not higher than pilegradation levels but are an
improvement to the biodiversity within system compared to arastored system.
Ecosystenrecovery is dependent on how much bi@dsity is present, whether
ecosystems service levels can be veced through restoration, HSand biodiversity correlate,
and whether the recovery is dependent on the specific cqatmgystem type, main agent of
degradation, restoration actiand restoration agéMeli et al., 2014)In order to maintain and
regulate the ecosystem services that do rebound after restoration, active management could halt
biodiversity lossesEven more beneficial in ecosystem recovery, land use planning concurrent

with restoration goals is crucidrélipeLucia& Comin, 2015
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Specific to a stream restoration scenario, changes in stress or distuafantée ability
of a system to rebound. Stresm resulfrom il compaction from equipment access roads,
altered streamflow from diversion, or altered resource availabiity tleared vegetation
While there are not many studies regarding the disturbance directly resulting from restoration, a
study on dam related disturbances showed increased vegetative colonization of resource limited
species in low flow areas and channetoaing during managed flows (Shafroth, Stromberg, &
Patten, 2002). The vegetative responses in the first few years were transient, which led to a new
equilibrium state of dominant tree canopies

This initial transient response is also reported by Radwar et al. (2007) who explain
that liparian vegetation intactnessnsgatively altered by invasive species establishment, though
vegetation can return to a more intact state following a transient dé&ppendix J. In other
wor ds, muc h gedmkrghic eespentlingeosermsios or incision, a decline in
vegetation intactness can be overcome after a short period where the system responds and
reaches the same equilibrium. However, should those effects suthasshald themumulative
invasive speies effects can send the system to a new equilibrium sthiswill prevent the
system from reachindpé original level of intactness, whehe invasivespecies outcompete
natural riparian vegetation that is already establi¢Re&zhardson et al., 200/AVhen invasive
species effects are coupled with anthropogenic disturbance such as road or bridge construction,
the riparian vegetation intactness can pluminethesecase, the invasive species are not
competing with natural parian vegetatigrsince that vegetation is not presemig have the
ability to overtake the system (Richardson et al., 200his can be problematic in channel

reconstruction restoration if invasive species are not controlled.
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Disturbancesuch as thee-meandering of streamesan also impadtabitat diversity in a
positive manne(Barral, Rey Benayas, Meli, & Maceira, 20Eekhout, 20%; Meli et al., 2014
Several metanalyss found that restoration significantly increased vertebrate specipsrian
wetlands(+53%, Meli et al., 2014) and in cropland and pasture t&4.% Barralet al.,

2015) Land useffecteddiversityfollowing restoration because wetlatgrestrialinvertebates

only increased by 1% compared to preestoration levelsvhereasropland invertebrate species
increased by 79YBarralet al, 2015) Wetland macroinvertebrates were not significantly
affected(Meli et al., 2014. Soil microfauna and vasculpfants increased betwe&d-79% in
cropland and increased by-25% n wetland areas (Barrat al, 2015; Meli et al., 2014)
Converselythe diversity of nomative vascular plants were 44% lower in restored wetlands than
natural wetlands, suggesting that restored wetlands had less invasive dpecsty, although
changes in ES function could also contribute to changes in biodivaiséynvertebrate

diversity was 37% greater in restdreetlands (Meli et al., 2014¥eli et al. (2014) also showed
thatESwere positively correlated with biodiversity in multipleosgstem types, supporting the

idea that biodiversity is a driver for ecosystem services.

Stakeholders

Restoration projects generally involve collaboratian®ngvarious stakeholders
including professionatestoratiororganizationsfunding sources, magament companies,
contracted labor, designers/engineers, specialists/consultaritsmdodnersCompanies may be
legally obligated to mitigate land in order to build in specific arBasision makers,
government agencies like the United S¢davironmental Protection Agendye United States
Fish and Wildlife Servicestate agenciesnd local municipalitiesnay also be investiein

restoring degraded landts protect public infrastructurdn the present study, the Mobile Bay
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National Estuar Program teamed up with the cities of Spanish Fort and Dagten&S Fish
and Wildlife Service, the Al abama Department
engineering to design and implement slegeral restoration projects to protect federadtyed

species and improve critical habitats and connectivity.

Stream Restoration Monitoring

Importance of Monitoring.

Once a stream has been restored it is important to determine the effectiveness of the
project on botleconomic and ecological scales to determirieafproject proteed
infrastructure, accompligltlits purpose, increadeecreation, advandeestoration science, or
reached thgoals identifiedduringproject development (Palmer et, &005) To answerhese
guestions, monitoring programs are put in pldde most effective restoration project is one
that accomplishes stakeholder goals (aesthetics, economic benefits, recreation, and education),
ecological goals (improvement, sslfistainable, completesessment) and learning goals
(scientific contribution, improved methods) (Palmer et al., 2005).

In creating these monitoring regimesisiimportant to ensure that monitoritggngthis
sufficient to answer thdriving questions and that there is roomfegdback to account for
unanticipated changéBowns& Kondolf, 2002) In a study observinghanges in cross
sectional channel diameter in a disequilibrium systemtime required to reach equilibnn,
exceeded the three to six year monitoring period that was in place (&iHechel, 2010). This
is one example of an unsuccessful monitoring regime as the monitoring period was not suitable

to the restoration goals.

26



Since monitoring is so specific to thestoration goals, there are no well accepted criteria
for ecological success that drive monitoring progranhss has hampered the progress of
restoration sciencdhere is little incentive fopractitionerdo assess and report outcomes
withoutindusty standards and agency funding which may affect the implementation of
monitoring programs (Palmer et al., 2005).

Specificdifficulties in monitoring riparian zones include the many land management
activities that impact and influence the resources in efsparea (Winward, 200). In other
words, changes that may be noted during a monitoring program might be caused by other

activities within theiparianzonesuch as a change from forest land to grazing animals

Stream Monitoring Methods.

Stability m onitoring.

Although streams are dynamic by nature, stream stability is commonly monitored to
assess the capability of a channel to accommodate or resist change from inputs of sediment,
water, organic matter, or alterations of the riparian vegetafimeseare monitored through
indicators like channel pattern, bank conditions, gravel bars, andpdtiedispersal (Segu&
Booth, 2010)Sediment is primarily moved in high flow conditions, where the waters velocity is
greatest as illustrated in more th&0Xstudied streams in Virginia and Maryland (Hack, 1957).
Studies on stream bank stability generally monitor bank retreat, grain size, deposition patterns
and sediment transpdd determine how these interact with changes over (iagy, Miller, &

Fox, 215; Collins et al., 2015; Leve& Chang, 208).
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Bank Erosion Hazard Index (BEHI).

TheBEHI modelis used tcestimate risk obank erosiory examininggeomorphic and
erosion indicator§Appendix I). This methodneasures percent surface cover, root depth, stream
bank soi) percent root density, and bank anglee BEHI methodconsiderghesephysical
streambank aaditions and scores them with validesm very low to extreme erosion hazard
(Rosgen, 2001)Thesevalues are then graphed along an index rating curve created by Rosgen
(2001)to determine their indexed values, since the relationships asknean Theseindexed
values are combined to obtain a final BEHEtingwhich amrresponds with a categoriaak
ranging from very low to extreme erosion haz3de root depth and root density are both
determined through visual estimatés it is improbable to accurately guess the percent density
below the stream bank surface, this method is limited in accub#tgrent researchers could

producevastly different BEHI resultéRoperet al., 2003

Riffle Cross Section

Riffle and pool instrearsharacteristicboth provide unique habitat for fish and benthic
macroinvertebrates that have adapted to the specific environieakt ét al., 2014)Therefoe,
the loss of rifflepool sequences degrades habitat quality and fun®&ecause riffles provide
habitat andood via leaf pack for primary consumers they are essential in maintaining life within
the stram (Schwartz et al., 2015).

Monitoring of riffle geomorphologwsing riffle cross sectional data allows for modeling
of changes in elevatioithese changes shdube compared teerify whether the channel is in a
state of equilibrium oaggradatiofdegradatior{Zaimes& Schultz,2015. The Alabama

Department of Environmental Managembasused riffle crossectionslongitudinal profiles
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bed mataal and stream classificatido characterize stream geomorphold§haneyfel&

Metcalf, 2014).

Longitudinal Profile.

Channel geomorphology is impacted by both sediment supply and sediment transport
capacity (Segur& Booth, 2010)If the restorationerves its purpose in reducing streambank
erosion therthe reducedgediment input into the systemould be reflectedh changing
downstream gomorphologythrough decreases in new instream sandbar deposition and reduced
fine sediment load through the syst@#ack, 1957)To quantify this change longitudinal
profile is can beused to measure instream topograftgck, 1957 which can be compared to

riffle cross sections to determine changes in stream bed and water surface elevation.

Near Bank Stress.

Nearbank stres¢NBS) uses disproportionate energy measurements as an estimate of
streambank erosion potent{@ppendix Ill). Changes in the disproportionate energy can
accelerate erosioccording to Rosgen (200NBS can be determined usisgven different
method which vary based on the level of monitoring complefduese seven assessmearts
channel pattern, transverse bar or split chaxeetral bainfluences ratio of radius of curvature
to bankfull width, ratio of pool slope to erage water surface slope, ratio of pool slope to riffle
slope, ratio of neabank maximum depth to bankfull mean depth, ratio of-beak shear stress
to bankfull shear stress, and velocity profilBe®sgen2001;Sassk Keane, 201

Near bank maximurdepth to mean depth will be used to determine HB8g the riffle
cross sectiom the present studyhis method was chosen because it uses quantitative in place
of qualitative data to predict bank streBee maximum riffé depthfor a reconstructed chael
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is the product othe ratio of max depth to the mean depthtii@reference reach by the

calculated mean riffle depth for the restoration site (2696)

Pfankuch Stability, modified for sand bed stream

Several methods can be used to assessrsatdility includingdigital rock marking
using repeat photography, hydrological regime indices, shields number and pfankuch qualitative
index In a study comparing these four methdte authors suggest using the Pfank8tdbility
Il ndex as it relates dhabitatyRetkarskcetalQld) THeent hi ¢ or
Pfankuch Stability IndexAppendix 1V) has also been correlated with erosion in other studies
(Schnackenberg§ MacDonald, 1998Harmel, Haan, & Dutnelll999; MagnerVondracek, &
Brooks 2008;Schwendel, Death, Fuller, & Jo2011).

The Pfankuch stability index & multimetric index adjusted for stream tyf@osgen,
2007). The indexcategorizestream stabilityasexcellent, good, fair or poor usingsual and
guantitative measures including width to depth ratios and evidence of mass wastisg eve

(Pfankuch, 197p

Habitat Monitoring Methods.

Habitat monitoring.

Habitat monitorings vital to diagnosing and repairing the riparian buffer and carsée u
to design and implememéstoration activity in response to human activi{i@enzalez del
Tanago & Garcia de Jalon, 2010§ince riparian zones have been linked to ecological function

of rivers, thestructureof the zonethe river,and thehydrological regime represent the main
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elements supporting the biological communi{&enzalez del Tanago & Garcia de Jalon, 2010).
This suggess that riparian monitoring can be useslaproxy for habitat condition.

Although there are several existinglices to measure riparian habitat quality, these
indices need to be calibrated to the specific region being studiatbamdiex hasyetbeen
calibrated to Southern Alabamahere the present study will be conduct&tbbile Bay Natural
Estuary Program isurrently calibrating an Integrated Biological Indax was not completed
by the end of this studyror this reason, this study will develop a riparian habitat assessment

index to assess habitat quality in place of using the existing methods reviewed belo

Riparian Quality Index

This method is a standardizeuilti-metric indexthat collects quantitative information on
theprovision of habitat within thaparian zonelt includes river dynamics, natural vegetation,
flow regime, land use anmthanneimanagemeniGonzalez del @nago & Garcia de Jalon, 2010)
Specifically, the riparian quality indervaluates(i) dimensions of land with riparian vegetation
(average width of riparian corridor); (ii) longitudinal continuity, coverage and distribution
pattern of riparian corridor (woody vegetation); (iii) composition and structure of riparian
vegetation;(iv) age diversity and natural regeneration of woody speci&sn)conditions; (vi)
floods and lateral connectivity; and (vii) sutastm and vertial connectivity to provide a score
between 10 and 120 (Felipheicia& Comin, 205).

Other methoddike theindex of biological mtegrity, focus primarily on vegetation
structure, land usepacroinvertebrategnd habitat qualityMunné & Prat 1998;Winward,
2000;Munné, Prat, Sola, Bonada, & Rieradeya003) Simpson et al. (214 found that a
decrease in habitat quality can alter the fish and macroinvertebrate assemblages in streams

suggesting that these species could be used as a proxy for habitat quality whereas Meli et al.
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(2014) showed that diversity of macroinvertebrates weasignificantly impacted by restoration
This difference irthesestudies can be attributed to spatial scé@spson et al(2014 used a
single location compared to Meli et al. (2014) which was a{aesdysis oimultiple studies in
varying geograplailocations Simpson andNorris (2000) linkedgeomorphologicaleatures with

biota to determine the ability of the aquatic habitat to support optimal biological conditions.

Index ofBiological Integrity.

Multi-metricindices like thendex ofbiologicalintegrity measure end response variables
of biological degradatioand sythesize the cumulative effects of environmental impacts
(Morley & Karr, 2002) The index of biological integritytilizes well tested attributes of stream
biota, namely fish, inverteates and algae to produce a single nuntigher values indicate
healthier systemJypically information on pollution tolerant taxa, taxa composition and
population attributes are included in the index although that is variable depending on the number
of metrics within the indexiarr, 1994. There is a calibratebenthic index of biological
integrity in the Pacific Northwest but no existing calibration for the Southeastern United States
although other macroinvertebrate based assessments such asitlaelH® bio assessment

(Fore et al., 2007) and (garr & Chu,1998; Morely& Karr, 2002).

Vegetation Sampling

There are several methods for quantifying vegetation whether by density, basal area,
stems per acre or other volume measurement which can be accomplished through transect lines,
vegetative plots oa combination thereof (Reinecke, Brown, Esler, King, Kleyrs, & Kidd,

205) . The method is dependent on the type of
graminoids or a higher zone of woody shrub and tree species.
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Combined methods use transect lines with evenly spaced contiguous plots sampled along
both sdes ofthe transect line midpoiiReinecke et al 2015). Transect methods can be
randomized using the line intercept methaldo known as the lingoint intercept methad
which collects data at set intervals along the transect line, or by measunypg@eees along
the transect line. This is used for obtaining community type cover and composition (Winward,
2000).Thegrid-point intercept methodses the intersection of parallel gridlines as the sampling
location The point quarter methodn the other handssumes that vegetation follows a random
spatial pattern and it only measure the plants closest to predetermined points in each 90 degree
guadrat surrounding the point (Pilli&dArkle, 2013).

To quantify stream bank vegetation the sw@aments must occur above the greenline
whichtypically islocated near bankfull stag@/inward, 2000. The greenline, or the elevation at
which vegetation becomes establishedy be several feet above bankfull stageroding or
entrenched stream&hegreenline indicates the height along the bank where it is typically above
the waterlineWhendetermining bank cover using a line intercept methadpgt be usedn
reference to thgreenline in place of a fluctuating water height to ensanmeparable dta
(Winward, 2000).

Other streambank vegetation sampling methods include quadthbdsvhere a set plot
is placed and data is collected along the greerfiramples might include a 50cm by 20cm plot
starting at the greenlinghereevery species withithe grid ismeasuredr identified The plot

size would bevariable depending on the entire area being sampled (HSngé et al., 2013).

Stream |dentification

While vegetation is an easily observable trait to identify habitat health, other component

have be associated with diversity and species richness in riparian areas. Stream type and flow
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regime, as an example, haween related ttotal species richness (076)(Morley & Karr,

2002) Theflow regime carbe specificallyneasurediuring rainfall eventsisinggauge data for
accurate temporal changes in peak flow and flashihe$sn more general ternean also be
classifiedinto ephemeral, intermitteaind erennial streamd he North Carolina Division of

Water Quality (2010publisheda worksheet that uses visual surveys and macroinvertebrate
sampling to determine the stream typ@pendix ). This is the accepted method as identified

by the Alabama Departmeof Environmental Management which uses this classification system

in their published documents (Shaney&lIMetcalf, 2014).
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RESEARCH GAP

Stream restoration can greattgprovea riparian ecosystetvut may not accomplish all
restoration goalRestored ecosystemshile improving upon nomestored densities of vascular
plants, still resulin lower than natural densities and lesser ecosystem functius.
demonstrates a ne@al improved research into species composition, community structdre a
functional ecology to improve restoration practices (Medl., 2014) which is needed at the
landscape scale Pi e | e eKhw,i aArkiooMs k a, & .Scerestordtiosuecésgs 201 5)
driven by available ecosystem knowledge, the restoration @f@system to its predegradation
condition is nearly impossiblegased on current knowledge of fategradation conditions. While
reference systems can provide invaluable information, the knowledge on what biodiversity levels
were to inform target restoratigoals is often lackingh better understanding of the interaction
between physical features of the environment and vegetative controls would enhance restoration
sciencepotentially leading to improved ecologid s uc c e s s -KwRtkosvska & h, Ani o ¢
Sz z i Sni aRegionalQshbecific vegetative control studies would also lead to improved
restoration science as riverine forests are less studied than montane and grassy bank streams
(Peckarskyet al, 2019.

The question arises if there are unrealized consequences of not sufficiently restoring a
stream to support the full suite of spedresiparian buffer{Palmer, Filoso, & Fanelli, 20)4
Additionally, as many influences at the landscape scale become tivsdiavnstream
(Winward, 2000)how do thosénfluencesmpact vegetation compibi®n at considerable
distancedrom the restoration sitelt is not evident in the peer reviewed literattivatvegetative
responseblave been documentédyond the immediatarea ofhe active restoration sitin

response e present study wiltlentify if restoration activities impact downstream vegetative
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and stabilityresponseat variousdistance from the restoration activitgnd quantify those
responses.
IntheD6 Ol i ve Creek wat er s hed,torpadstieterstaiegsdnd i nf r a
housing foundations as alarge factor in identifying atisk reaches for restoratiofherefore,
monitoring for stream stability is essentiahmeeting restoration objeces. As the influence of
the stream stabilization and upstream restoration has not been identified on riparian vegetation,
the present study will quantify the resulting changes in habitat cond#iog a novel index

developed for forested riparian sys®in souttern Alabama
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RESEARCH OBJECTIVES

The goal of the presestudy isto quantify the changeas habitat conditiorand
geomorphologyhat occumupstream, within andownstream from several restored reaches in the
D ®live Creekwatershedn southern Alabama he study aresweremonitored every six
monthsfor two yeardo quantify changed hestudy addressthe followingobjectives

1 Develop arindex using biological indicators to evaluate riparian habitat condition

(Riparian HabitaHealth Level Evaluation (RipHLE) Index).

1 CalculateRipHLE values for studgites

1 Identify localized stream restoration impsiapon the downstreantiparian habitat
condition

1 Determine ifmultiple upstream restoration sitaefect the RDHLE values at théower
reaches of the streaim any predictable manner (cumulative impacts)

1 Identify anyrelationship betweehabitatconditionandstreamstability metrics.
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STUDY AREA

GeologicDescription

Thestudy sites are located near Dap and Spanish Fort in southédabama,and are
located within théeast Gulf Coastal PlaifiFigure 4) The soils insouthernAlabamaare mostly
Ultisolswhich often support productive forests withw native fertility. The soilsare
characterized by a subsurface horizon of accumulated clays antbagysleache@ndacidic.
Southern Alabama leamostly udultsfound in humid climates with well distributed rainfah
surfaces that range from Pleistocémé®liocene in agéMcDaniel, 1999. While the subsurface
layers may be characterized by loamy or clayey subsoils, the surface layers of Smithdale,
Luverne Savannah, Dothan and Orangeburg soils are sandy loam, loam or loamy sand. The

elevation of the southern Alabama region ranges from sea lei/82tm(Mitchell, 2008).

@ Coastal Plain Floristic Province N

D Geological Coastal Plain
0 500

1,000 ki
L L J

Figure4: Map of theGulf of Mexico Coastal Plain
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Dominant land use irthe study areacludesurban,mixed forest, evergreen forest, and
agriculture(Figureb). In the forestsdominant vegetation includgellow poplar Liriodendron
tulipifera), black cherryPrunus serotina)black birch(Betula lenta)eastern hemlocKrsuga
canadensis)white gne (Pinus strobul maple speciefAcer sp.)Jand oak specigfuercus sp,)
among othergHedman& Van Lear, 1995)

Southern Alabama is characterized by numerous habitat areas and drainages including:
(1) the MobileTensaw River Delta, (2) Mobile Bay, (3) the Escatawpa River, (4) the Perdido
River and (5) barrier islands. TkWaterpheddmte nt st
drains into Mobile Bay. Mobile Bay is the fourth largest estuary in the nation encompassing
1070 kn%, 50 kmin length andB9 kmmaximum width(Shaneyfelt & Metcalf, 2014)Alabama
coastal lowlands consist of coastal streams, wetlands, tjbons, islands and bays. A saline
and/or fresh high water table creates an abundance of wetland types (i.e. tidal magsim bay
cypress swamp) found within tiseudyarea (Shaneyfelt & Metcalf, 2014)

Daphne and Spanish Fort receive 1680 mm ofipitation annually with temperatures
ranging from 10.5 °C during the winter months to 28 °C in the summer months. Precipitation per
month varies from 15.5 mm, during the driest month, to 67 mm during the wettest month
(Herbert, 2012). These varying amouotprecipitation per season in concert with
unconsolidated alluvial sand, gravelly sands, and clays in south Alabama affect the turbidity in

the shallow Mobile Bay (Shaneyfelt & Metcalf, 2014)
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Sapundjeff 2017, University of West Flonda

Figure5: Dominantlanduseid6 Ol i ve wat er28lB.ed from 2005
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METHODS

Sampling Locations

At the time of study desigmsjx restoration sitewere expected to lmpletedby June 2016.

Those completed in that timeline were included within the studynsttuction delaysesulted m

only three restorationsompletedoy the deadline Tiawasse€reek(T0), Joe 6% Br anch
(JBIR),andJ o0 e 6 s B r &)nArdund thosé rédBoPation sitesx different types of sites

were monitored for habitajuality and stream stabilitfdefined below)n this twoyear study:

restoration sites, upstream sites, downstream sites, cumulative impact sites, an overall

cumulative site, and a reference skenaming conventiolf) was created to represent the

relationship between each tributayd site typeThe restoration sites were the actively

engineered channel locatiod$he up and downstream sites were located within 300 meters of

the active restoration site along the same chafihel cumulative impact sites were located at

the conjunabn of each major tributary (Tiawas€eeek Joe ds Br anch,Thand Do
overall cumulative sitéAOC) was located at the conjunctiontbethree tributaries before they

flow into Mobile Bay. The s iCreeksvatevshedalong itsl |l oca
three majotributaries Figure6). The reference site (Y1) was located in a bordering

subwatershed due the lack offefr ence r eaches within D6OIive Cr

The sites in the D6Olive Creek watershed r
2016andwere included intis studyare JB2 (Upstream, Downstream), JBrestoration,

downstream), and TO (cumulative),JBOC (cumulative) and AD (cumulative).
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Sapundjieff 2017, University of West Florida 0 05 1 > 3 %

Figure6: Map of sites monitored including cumulative impact and reference sites

The restoration, upstream, downstream and cumulative impacivsitesieasured twice per
year for two yeardgdeally once before the restoration construction and every six months
thereafter. ldwever this was not obtainable due to construction complicatibalkle 2shows

thedata collected dimg eachsampling periodvhile Figure7 shows the date of each visit

relative to the site construction.
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Tablel: The naming convention useditentify each site.

Base (Specific
Restoration)

First Letter
(Tributary Name)

Final Letter(location relative
to restoration)

JB-Joeds B #site
T- Tiawassee Cree 0- cumulative site
A- Overall

Y- YanceyBranch

C- cumulative
D- downstream
U- upstream

R- restoration

No suffix- control site

Example: JB1D 1 D
e JB1IR CONSTRUCTION JBID-  IBIR
e JB2R CONSTRUCTION TOC
JBOGR,y
% TR CONSTRUCTION JB2D
o0 00 [
JBOC JB2U TOC
JB1ID Y1JB2D JBIR
AOC
[ | [ | [ |
Y1 JB2U TOC
JBID JB2D JBIR
AOC
L K R R R 4
AOC JB2D
J\B(iD JBIR TOC
JB2U
|AMJJASOND|JFMAMJJASOND|JFMAMJ|
| 2015 | 2016 | 2017 |

Figure7: Timeline of restoration construction and data collection.
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Table2: Datacollecton timeline by data and site type.

Downstream | Upstream | Restoration Cumulative Reference
JBID |JB2D | JB2U JBIR TOC |JBOC | AOC Y1
Overstory 1015 | 1/16 | 12A5 12/15 2/16 | 1016 | 11A5 10/15
Transect 2/17 4/17 | 4117 5/17 5/17 | 217 |27 4/17
Understory 1015 | 1/16 | 12/15 12/15 2/16 | 10/16 | 1115 10/15
Transect 4/16 | 6/16 | 6/16 4/16 9/16 | 2/17 | 4/16 4/16
9/16 12/16 | 12116 9/16 2/17 11/16 11/16
2117 | 4117 | 417 5/17 5/17 2/17 4/17
Stream Bank | 10/15 | 1/16 | 12/15 12/15 2/16 | 10/16 | 11/15 10/15
Vegetation 4/16 6/16 | 6/16 4/16 9/16 | 2/17 | 4/16 4/16
9/16 12/16 | 12/16 9/16 2/17 11/16 11/16
2117 | 4/17 | 4/17 5/17 5/17 2/17 4/17
Canopy Cover 10/15 | 1/16 | 12/15 12/15 2/16 | 10/16 | 1115 10/15
2117 | 4/17 | 4117 5/17 5/17 | 2/17 | 2/17 4/17
Stream 9/16 12/16 | 12/16 2/16 | 1016 | 1116
Identification 5/17
NBS 10/15 | 1/16 | 12/15 2/16 | 10/16 | 11/15
4/16 | 6/16 | 6/16 9/16 | 2/17 | 4/16
9/16 12/16 | 12/16 2/17 11/16
2117 | 4/17 | 4/17 5/17 2/17
BEHI 10/15 | 1/16 | 12/15 2/16 | 10/16 | 11/15
4/16 | 6/16 | 6/16 9/16 | 2/17 | 4/16
9/16 12/16 | 12/16 2/17 11/16
2117 | 4/17 | 4/17 5/17 2/17
Pfankuch 9/16 1/16 | 12/16 2/16 | 10/16 | 11/16
4/17 | 4/17 9/16 | 2/17 | 2/17
2117
5/17
Riffle Cross | 10/15 | 1/16 | 12/15 2/16 | 10/16 | 11/15
Section 4/16 | 6/16 | 6/16 9/16 | 2/17 | 4/16
9/16 12/16 | 12/16 2117 11/16
2117 | 4/17 | 4117 5/17 2/17
Longitudinal | 10/15 | 1/16 | 12/15 2/16 | 10/16 | 11/15
Profile 2117 4/17 4/17 5/17 2117

44



Channel Stability Metrics

Riffle Cross Sections

At each site therereretwo riffle cross sections that exteediLl5m from each bank

(Figure8). Theseriffle cross sectionwereplaced perpendicular to the streow throughtwo

different riffles within the study reaciihe cross sections helgdetermine channel stabilityy

compamng changes in floodplain geomorphologiyd floodplain connectivityl he riffle cross

sectionsveremarked for repeated visits by placing 1m start (right bank) and end (I&ft ban

rebar pins 15m back from eabhnk The topography of the floodplain was rsaeed using a

stadia rod read through antomaticsurvey leveblaced on a tripod locatedhere theentire

cross sectiomasvisible (Figure9). Theelevationwas measuret 0.5mintervalsalong the

transect and 0.25m intervals within the streandentify stream bed changd$e datavas

recorded to the half centimeter

15m 15m

15m /
A\
" 7.5m
[ W

(S 15m
|
15m
15m 15m

Longitudinal Profile(width x20)
Figure8: Schematic of site laydu
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Figure9: Riffle cross sectiosetup at a) JB2U Dec 2015 and b) To€b 2016

Bank Erosion Hazard Index.

BEHI wasdetermined according to Rosgen (2004ppendix I) on both banks at each
riffle cross sectiorfFigure8). The BEHI component variables were trsmoredo identify BEHI
component scoreg\ppendix Il A) andgraphed according t@ppendix Il B). The surface cover
estimate needed for BEHI includeoot protection, leaf litter and vegetation cover. The surface
cover was estimated by visually dissectingliaak into quadrants on the transect line to better
estimate percent coverhe root depthwasmeasured and reported as percentage depth that the
roots extend through the vertical bank height. The stream bed setjppeisand, silt, or clay)
wascharacterized through textussing the feel method.€opold, Clarke, Hanshaw, & Balsley,
1971) The feel method is a tactile method of identifysul compgsition by creating soil
ribbons; longer ribbons signify higher clay content, whereas an inability to form a ribbon
signifies high sand contenthe % root densitwasdetermined through visual estiméuet

additionally using a gridded intercept meth®tis method involved measuring the presence or
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