Appendix C

The Importance of Riparian Vegetation
and Its Functions

By Kibum Sung

Introduction

Riparian vegetation isvery important in determining the structureand
function of stream ecosystems. M ost aquatic organisms, both
invertebratesand fish, aredirectly or indirectly dependent oninputsof
terrestrial detritusto the streamfor their food. Natural changesin
riparian vegetation and the biotic processing of detritus, aswell as
other factors, determinethe kinds and abundance of aquatic
invertebrateslivingin streams, from headwaterstolargerivers.

Themanner inwhich riparian systemsare managed and protected is
commonly related to their val ue asbuffer strips, stream bank
stahilizers, and fishand wildlife habitat. These stripsof streamside
vegetation may betheonly habitat remainingfor somewildlife
species. Asriparian vegetationismodified or destroyed by grazing,
logging, urbani zation, road construction, water devel opment, mining,
and recreation, interest initsimportanceisincreasing (Knight and
Bottorff, 1984).

The Significance of Riparian Environments

Theuseof theword “riparian” wasashort time ago restricted mainly
to academic biological research circles, but astheimportance of
streamside plant communitieshasbeen increasingly recognized and
appreciated, theword hasentered mainstream use. It isderived from
theLatin ripa, which meansthebank of astream. A recent attempt to
clarify what'smeant by riparian statesthat it “ pertainsto the banks
and other adjacent terrestrial (asopposed to aguatic) environs of
freshwater bodies, watercourses, estuariesand surface-emergent
aquifers(spring, seeps, oases) whosetransported freshwatersprovide
s0il moisturesufficiently in excessof that otherwiseavailablethrough
local precipitation to potential ly support the growth of mesic
vegetation” (Richard and Kathleen, 1984). Biologiststhen make
referencesto and distinctions between riparian areas, floodplain
wetlands, and aguatic systems, which can be confusing tothe
uninitiated. Aquatic environmentsrefer to thewatersinwhich plant
and animal organismsgrow andlive.

Because of the abundance of water and vegetation along streams,
floodplains and the associ ated ri parian and wetland areas provide
habitat for alargeand diversefish and wildlife species. Aninteragency
government report on floodplains states, “ No other ecosystemis
consdered moreimportant to the surviva of the nation’sfishand
wildliferesources’ (Interagency Task Forceon Floodplain
Management, 1989). Inland, midwestern floodplainsand wetlandsare
most noted for waterfow! production and as habitat for migrating
birds. TheMississippi River floodplainsare mgor duck and goose
resting and feeding groundsduring fal and spring migrations. The
bottomland forests of the southern riversare primary wintering
groundsfor North American waterfowl and important breeding areas
for many species. Forested river bottomsin the eastern United States
arealsoimportant to birdsand mammals. Inthemorearid West,
riparian communitiesare particularly vauable, providing habitat for up
to 80 percent of western wildlife peciesand an essential environment
for other wildlife populationsin theregion.

Itisestimated that about 50 percent of the endangered speciesinthe
United Statesrequireawetland habitat at somepoint intheir life
cycle. Thereasonthat such alarge number of birds, mammals, and
other vertebrates depend on riparian systemshasto do with the
diversity of conditionsinriparian environments. Riparian areashave
flowingwater, moist and nutrient-rich soils, relaively high plant
productivity, and corridorsfor migration and travel. Such structural
complexity addsto thelandscapediversity of theregion. Thereisaso
animportant spatial and tempora dimensiontotheinteractions
between land and water. Habitat featureschangedramatically with
only small topographic differences such asthe gradient from an open-
water stream channel to adense streamsideforest; the duration and
timing of flooding can becritical to speciestypesand densities. Such
changing dynamic conditionsmust be allowed to affect these plant and
animal communities, or wewill losethem. Animportant effect of the
biological productivity of riversand floodplainshasbeentermed the
flood pulse. Not only arefloodplains, asaphysica featureof ariver,
important to biologica diversity, but also thetiming and frequency of
seasonad overbank flowsand floodplain inundations can profoundly
affect ecological systems. When such natural pulsationsof water have
been changed by channdlization, drainage, dams, other influences,
plant communitieshave been found to shift to different species
compostions(Riley, 1998).

Important Functions of Riparian Vegetation

® Treeroots, shrub species, vines, and other growth bind
the stream bank soil and provideresistanceto theerosive
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forcesof thewater. Thisproduces deeper channels
with banksthat are undercut but held together with
exposed root systems. These undercut banks, complete
with overhanging vegetation, provideimportant escape
cover for fish.

@ Riparianvegetation moderateswater temperatures,
making the stream habitablefor fish.

® Mostof thestream’shiologica energy and the base
of thefood chainfor stream life comefrom theleaves,
fruit, cones, and other plant detritusfromthe
riparian vegetation.

® \Woody debristhat fallsinto the stream formspoolsfor
fish, createshabitat by causing backwater pools, and
providesstorage areasfor sediment that otherwise might
bereleased into spawning aress.

® Riparianvegetation candow flood velocitiesand help
deposit and store sediment on the floodpl ains as opposed
tothe stream channel downstream. During high flowsthe
vegetation liesagainst the banksand protectsthem from
accelerated erosion.

® A wadl-vegetated channd helpsstorewater d ong the
stream corridor during therainy seasonfor dow release
tothestream in drier seasons, which helpsmaintain the
baseflowsof water for thefish.

Riparian Values

Riparian vegetation playsarolerelativeto erosion, channel stability,
and water quality, and riparian areas have aesthetic, recreational, and
resourcevaluesmoredirectly related to humans.

Shading

Theshading effect of riparian vegetation providessignificant
temperature moderating effectsto adjacent watercourses. This
cooling effect can determinethesuitability of streamsfor important
gamefish speciessuch astrout and salmon (Collingsand Myrick
1966; Brown and Kygier 1967; Meehan 1970; Brown, Swank,
and Rothacher, 1971). Greene (1950), Gray and Edington (1969),
and othershave demonstrated that lack of, or removal of, shading
along streams can increase water temperatureby 6.5~10°C (11.7
~18°F). Shading aso can significantly diminish daily temperature
variationsin streams, which hasimportant ecologica effects(Baltz
and Noyle, 1984).

Erosion

Riparian vegetation protectswatercourse bank from erosion through
reduction of water vel ocity, soil binding by root masses, and the
presence of ground litter, which impedestherate of surface runoff
(U.SArmy Cropsof Engineers, 1978; Lines, Jr., Carlson, and
Corthell, 1979). It promotes deposition of silt asnew soil during
periodsof flood, without which key riparian speciessuch aswillows
and cottonwoods could not reproduce. It al so providesimportant
substratesfor aguati ¢ insects, and escape and resting cover for many
fish species.

Organic Input

Thedead organic matter or detritus (leaves, twigs, branches), and to
alesser extent liveinvertebrates, fromriparian vegetation are
important sourcesof nutrients, especialy to headwater streams. Up to
99 percent of theannual energy input, thefood basefor entire aguatic
communities, comesfrom streams de vegetation inthese stuations,
especialy wherethereisadenseforest canopy.

Aquatic Insects

When thinking about fish and their habitats, we havetendedinthe
past tofollow inour mindsthesequence: big fisheat littlefish; littlefish
eat aguatic insects, and aquatic insects somehow makeout inthelr
watery world.

Littlefish doindeed eat aquaticinsects, but aquaticinsectsfeedtoa
large degree-especialy thosein smaller streamsand headwaters—on
aharvest of materialsprovided by theriparian vegetation.
Furthermore, the aquatic insectsdirectly depend onriparian
vegetation for summer resting sites, for placesto transform themselves
fromlarvd to adult forms, and for breeding Sites. Inredlity many,
perhaps most, agquati ¢ insects are amphibious, spending partsof their
lifecyclesinwater and part on, in, and around riparian vegetation.

Corridor

Linear riparian systems, which their shade, food supplies, cover, and
water, can becomeimportant corridorsfor themigratory and
dispersal movementsof wildlife. In some partsof the country, elk and
deer cons stently useriparian zonesasmigration corridors between
summer and winter ranges. Riparian corridors provideimportant
migratory and dispersa routesfor highly mobile speciessuch ashirds,
batsand other mammals, and even for someregptiles, amphibians, and
insects. Thisphenomenon may have specia sgnificanceinthe Centra



Valey of Cdiforniawherelinear riparian systemstraversethe north-
south length of thevalley, adistance of 450miles. Many speciesof
land birds useriparian corridorsasthey are sometimestheonly
availablewoodland environment through which the birdsmay traverse
ageographicregionwhileon migrating flights. Intheriparian zonethey
find food and cover which may be unavailablein adjacent uplandsbut
afew feet away.

The Water Quality Connection to Riparian
Woodlands

Inland and coastal marsheshavereceived alot of attention asthe
wetland systemswith the capacity to absorb and act asnatural
treatment “ plants’ for polluted, nutrient-laden watersfrom urban
runoff and runoff from agricultural areas. Inthelate 1970sresearchers
beganto explorethe potentia of riparian systemsto contributeto
water quality—and to determinewhether impacted riparian systems
contributeto the degrading of water quality.

Researchersfound that riparian areasare environmentsthat trap
sediment. Fromtherethey discovered that large amounts of
phosphorus (greater than 85 percent) and nitrogen (greater than 70
percent) in surface runoff measured from agricultural aressisattached
to sediment. Wendd | Gilliam of North CarolinaState University and
other researchers concluded that ariparian systemisthe best
ecologicd system for removing sediment—and thereforefor removing
pollution-causing nutrientsfrom water. They found that 80 percent of
the sediment produced by an agricultural watershedwasdroppedina
stream’sriparian zone and that the finer sedimentsended up
downstream in the swampsand wetlands. They aso found that
riparian areas are better at reducing phosphorus, while swampsand
other nonriparianwetlandsaretypicaly highin phosphorusand have
theability to actually contributeit to the environment asopposed to
using or absorbingit. They concluded that riparian vegetationisjust as
effectiveafilter in urban areasasin agricultural areasand that riparian
buffer areasasnarrow as 20 feet are valuablein contributing to water
quality. Research hasnot only corroborated thosefindingsin other
locationsin the country but has also determined that treesand shrubs
aremoreeffectivein removing nutrients—in particul ar, nitrates—than
grassed waterways.

The development and clearing of riparian areasnot only representsa
lossof thewater treatment capabilities of those areasbut also may
turn such damaged environmentsinto sourcesof nonpoint pollution.
Becausethose areas have served as sinksfor sediment and nutrients,

they can export the sediment that has been deposited over many
yearsthrough disturbance and erosion back into the watershed.

Effects of Riparian Vegetation Removal

Riparian vegetation isvery important in determining the structureand
function of stream ecosystems. M ost aquatic organisms, both
invertebratesandfish, aredirectly or indirectly dependent on inputsof
terrestria detritustothe streamfor their food. Natural changesin
riparian vegetation and the biotic processing of detritus, aswell as
other factors, determinethekinds and abundance of aguatic
invertebratesliving in streams, from headwatersto largerivers.
Removal of riparian vegetationwill Sgnificantly affect Sream
organismshby: 1) decreasing detrita (food) inputs; 2) increasing the
potentia for primary productionin aquatic plants; 3) increasing
summer water temperatures, 4) changing water quality and quantity;
and 5) decreasing terrestrial habitat for adult insects. (SeeFig. 1)

Decrease of Detrital Input

Riparian vegetation often supplieslargeamounts of organic matter
(energy) to the stream, forming adependablefood basefor stream
invertebratesyear after year. Many of these animalshave complex
structures, behaviors, and lifecycleeventswhich are specially
adapted for using different kindsand sizes of detritusasfood.
Decrease of detrituswill cause decreased popul ations of these
species, athough instream popul ationsmay still bemaintained someat
lower densities.

Effect on Primary Production

Riparian vegetationisamgor control onlight intensitiesreaching
algae and macrophytesin headwater streams, and therefore onthe
level of primary production that can occur. Shaderemoval hasbeen
demonstrated toincrease primary production and causeagaematsin
small streeamsbothinthefied (Granoth, 1979) and inthelaboratory
(Mclntireand Phinney, 1965). For example, vegetation removal aong
asmall streamin Kansaschanged it from heterotrophy to autotrophy
(Gelroth and Marzolf, 1978). Also, inlaboratory streamsexposed to
two different light levels, the stream receiving twice asmuch light had
twicethegrossplant production (Brockesen et a. 1968). If nutrients
or other factorsarenot limiting, increased illumination dueto shade
removal will increase primary production and thefood resourcesused
by scrapers.
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Figure 1. Relationships Between Riparian Vegetation and Stream Components (Knight and Bottorff 1984)

Effect on Stream Temperature

Shade from riparian vegetation moderates stream temperatures, often
preventing excessive summer temperaturesthat may belethal to
invertebratesor fish. Water temperature affects numerousimportant
stream functions, such asprocessing ratesof organic matter, chemical
reactionsand concentrations, metabolic ratesof stream invertebrates,
and cuesfor lifecycleevents. Because of these complex interactions
itisvery difficult to assessthe ultimate effects of shaderemova and
water temperature changeson stream animals. Streaminvertebrates
havedifferent tolerancesfor water temperature variations, but most
speciesin headwater streamsare narrowly adapted for cool
temperaturesand may use dormant strategiesto survive natural warm
periods (Hynes, 1970).

Water Quality and Quantity Alterations

Riparian vegetation affectswater quality not only by moderating water
temperature and influencing chemical reactions, but also by
contributing dissolved organic matter (DOM) and nutrientsto the
stream. Riparian vegetation al so protects streambanksfrom excessive

erosion, minimizing theinput of finesedimentswhich canfill the
numerous cracks, crevices, narrow channels, and openingsthat ramify
through the upper substrate layersthat form theinvertebrate habitat of
normal headwater streams. Remova of riparian vegetation may
increasethe annua amount of stream runoff, increase peak discharges
after rainstorms, and changethetiming of peak flows. Changein
runoff quantity will causethe stream channd to readjust itsvel ocity
patterns, channe dimensions, frequency of poolsand riffles, and
substrate composition, al of which areimportant for theamount and
qudlity of invertebrate habitat.

Loss of Terrestrial Habitat

Most aquaticinsectsemergeinto terrestrial ecosystemsasadultswith
wingsfor dispersing and searching for mates. Riparian vegetationisan
important habitat used by these adult insectsfor feeding, resting, and
hiding. Useof thisfoliageisheavy in spring and somewhat lessin
summer and autumn. Some use occurseven inwinter. Without this
vegetation, predation by birds, terrestrial insects, and mammalswould
undoubtedly be much greater. Someinsect adultslay eggsonriparian
vegetation overhanging the stream so that upon hatching theyoung
larvae will drop back into the stream for the aquatic life stage.



Conclusion

Theimpactson vegetation determinethe effectson wildlife, which can
includeafull range of amphibiansand reptiles, nongameand game
birds, smdl mammals, andlargemammals. Theseanimaslose
reproductive habitat and food sources, cover from predators, and
mohility, aswell asnesting, perching, and roosting Sites.

There hasbeen ashift inthinking by many professionalstothe
conclusionthat the natural festuresof streamssuch asriparian
vegetation, pools, riffles, meanders, and floodplains contribute
positively to the stability of channel sand that thosefeaturesshould, at
minimum, be contained in stream modification projectsbecause of the
important functionsthey perform.
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