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ABSTRACT

RegulatedColoradoRiverecosystemrestorationthroughplannedfloodirg involvestadeoffs

betweenrelictual predamandnovel postdamresources andprocesses, between aquatic andterr€strial

components, and between management of individual resources versus ecoqlstem characteristics. We

review the tenesftial (wetland and riparian) impacts of a I275m3ls test flood conducted by ttre Bureau of

Reclamation in MarcVApril 1996, which was designed to improve sediment managenrent downsheam

from Glen Canyon Dam in tlre Colorado River ecosystem. Alttrough the test flood successfully restored

sand banthrouglroutthe river conidor, it scoured channel marginwetlands, including endangered Kanab

anrbennail (KAS) and southwestem willow flycatcher (SWWF) foraging habitat. It buded gound-

covering riparian vegetation under >l m of fuie sand" but only slightly altered prcviously eshblistred return

cunentchannelmarshesandperennialsandbarvegetation. B€'floodconfroleffortsandappropriatetiming

ofthe test flood prevented germination andrange expansion ofnon-nutiv. Ravenna grass andtamarisk.

The flood also was timed to prcvent direct population impacts to endangered qpecies. A total of 1275

I(AS were tarrslocated above the flood zone, and anestimated 840 endangCIed snails were losttothe flood.

Slightimpacts on ethnobotanical resources were detectedmore than430 kmdownsfteamontrpperlake

Mead and those plant assemblages recovered rapidly. Careful design of flood hydrognph shape and

seasonaltiming isrequiredto mitigateterresftial rmpacts during efforts to re3tore essential geomorphic and

aquatic habitas and processes in this regulated river ecosystenn.

KEYWORDS: Colorado River, endangered qpecies, Glen Canyon Danr, management tadeoft, planned

flooding, restoration, riparian ecolory.
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INTRODUCTION

Flooding rs an rmportant natual plrenomenon on:most rivers, reorganizing and resetting the

physical and ecological dwelopment ofaquatic and riparian habitats (Junk et al. 1989, Gregory et al. 1991).

Flow regulation that reduces flood frequency may increase the stability of downsteam aquatic and riparian

ecosygem domains (Risser and Hanis 1989, Sedell et al. 1989, Johnson et al. 1995). Reduction in

disturbance urtensrty innaturallyhighly disturbed ecosystems has beenpredictedto increasebiodivcrsrty

t (Connell 1978, Huston Iglg),and this prediction is supported in some large, regulated river ecosystems,

whichdevelopedsubsantial newriparianvegetationandl*go, more stable fauxalpopulations folowing

rmpgundment (e.g. Rickard et al. 1982, Anderson and Ohmart 1988, Johnson 1991). ls humaraominatea

ecoqystems, most if not all large regulated rivers zupport both relicnral (predanr) and novel -stdam)

aquatic and terrestial resources and processes. Relictual and novel components, as well as the economic

benefits associatedwith flowregulation, arc variouslyvaluedby society, intensifyingthe debate on

management priorities (Stevens and Wegner 1995). Management actions that restore natural dynamics on

regulated rivers, zuch as planned floods, may differentially affect relictual venus novel components, aquatic

tT*tenesnial components, andthemanagementof individual components versus ecosystern

characteristics. Careful consideration of ttre shape and seasonal timing ofrestoration tlydTgrap.hs is

I essential for optimizing planned flood effects on the wide array ofresources and processes of concern in

regulafed riva ecosystems.

Recently proposed river ecosystem managernent stategies have focused on simulmion ofnatural

, particularly restoration of flooding (Nairnan et al. 1995, Sparks 1995, Sanford et al. l99O;

howwer, significant conceptual and practical issues limit potential restoration of large rergutated rivers

(Ward and Stanford 1983, Gore and Shields 1995, Johnson et al. 1D5). Redrrced flood frquency is only
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one facet ofenvironmental change downsfream from large dams: changes in sedimenttansport, thermal

and nr.rfiient dyrurmics, and the infrodrrction of non-native species (inchrding parasites and diseases) may

exert larger impacts than does flood zupression (e.g., Miller et al. 1983, Minckley 1991, Brouder and

Hoftragle 1997). Therefore, floodrestoration cannotbe expectedto solve all ecological problems in

regulatedrivers, andmaynegatively affectvaluednovel and economic components

Prediction of flow regime impacts on aqr.ratic and floodplain recently has been advancd through

the development ofhydrologically-based models (e.g, Auble etal.lgg4,Blinn et al. 1995, Power et al.

1995). For example, postdam lower ripari arLzonevegetation develops in response to comparatively zubfle

gradienb of inundation frequency, scour distr:rbance, soil texh.re and channel geomorphologr Slupp 1988,

Day et al, 1988, Stevens et al. 1995), but few experiments on river ecosystem restoration using planned

flooding have been conducted (Moltes et al. 1995 is an exception). h part, ttris is because flood fiequency

and magnitude can only be substantially manipulated wtrere human population density is low ( e.g.,

Izenbog et al. 1990. Regulated river floodplains are tpicatly subject to a wide array of land manage,ment

shategies, including intensive agricultual and indusnial development; however,theregulatedriver

floodplains or resenroir shorelines of>30 large national parks in the United States are managed for

preseniation (Jackson etal. 1992). The National Park Senrice (NPS) management s:!ateg/ revolves arourd

presenration of natural and culturat resources for the enjoyment of future altlrough the highly

alt€rcd condition of many of those regulated river ecosystems makes restoration a challenging goal.

The Colorado River is one of the most thoroughly regulated riven in the United States (I{irsch et al.

1990, and e.g., Ohmart et al. 19SS). Glen Canyon Dam is one of its two largest dams, and is managea UV

the Bueau ofReclamationurderthe federallydesignatedAdaptive Managenrent WorkGrotrp, a

committee of diverse stakeholderrepresentatives whichmakes rccommendations to tlre Secretary of
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hteriorregardingdarnmanagement TheSecretarybasesdammanagementdecisionsontheColorado

River Storage hoject Act of 1956, ttre Grand Canyon hotection Act of 1992, tlre 1995 Glen Canyon Dam

Environmental Impact Statement (GCDEIS, Bureatr of Reclamation 195) and the 1996 Record of

Decision (ROD) in an effort to balance hydropower production with downsbeam environmental concems.

The GCDEIS and ROD emphasize a management sbatery involving limited daily flow fluctuations to

enhance inrctrannel storage oftibutaryduived sediments, coupled with occasional planned floods to

rejuvenate sand bars ar-rd aquatic habitats tlrough lower Glen and Grand canyons @ureau of Reclamation

1995). Iow flucmating flows were implemented in 1991 to increase in*hannel Sediment stoft€€

To test the effectiveness ofthis flow m4nagement shtery, the Bureau ofReclamation conducted a

7 dayJong, conshnt 1275 mls experimental flood fiom 26 March through 2 Apdl 1996 from Glen Canyon

Dam to upper Iake Mea4 including all of Grand Canyon. This test flood successfully restrored sandban

throughout the Colorado River conidor (Ftrazel et al. in press). In addition to sediment managemen!

cooperatingfederal, state andtibal agencies and environmental representatives identifiedthe following

objectives for this flood for tenesftial (wetland and riparian) biological resources: l) maintain open

sandbars foricamping 2) provide rnater to predam upper ripalian zone vegetation, and 3) meet these

objectives wittror* significant impacts to endangered qpecies. These objectives differfromthose

descrfted in the GCDEIS (pages 5 I -57) and the ROD, which emphasize mliintenance of a variety of

wetland and perennial riparianvegetation assemblages as wildlife habitat, particularlyfor endangered

species and ethnoboanical concems.

In this study we summarize the impacts ofthe test flood on terrestial biological components and

processes in the Colomdo River ecosystern in Glen and Crrand canyons. Specifically, we address planned

flood impacs onriparian soils, wetlandarrd sandbarvegetation, ettrrobotanicalresources, andterrcsEial
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qpecies of concem. We discuss rcsource management tade-oft in relation to aquatic versus tenesfiial,

relict verss novel, and single qpecies versus ecoqrstem-scale values in this largg aridlands, regulated river

ecosystem.

STUDY AREA

Glen Canyon Dam was completed in 1963, and lies 26 km ups[leam from lres Ferry ftm 0), from

which distances along the river are measured. It impounds 33 k# Iake Powell reservoir, and contols most

ofttre flow thrcqlr the study area and into Iake Mead. The river flows 472 km between the dam and trake

Mea4 including the remafrring 26 km of lower Glen Canyon and all of Crrand Canyon This portion ofthe

river flows from 975 m to 370 m elevation It is constained by bedrock and talts slopes, and is sur,ounded

by ttre 2 100 m to 2800 m-high Colorado Plateau. The river flows through 13 bedrockcontolled reaches

ttrat vary in characteristic width and depttr (Schmidt and Crraf 1990, Stevens etal. l97c). The climate is

continental and ari4 with a mean total annual precipiation of 2l3mm/yr at Phantom Ranch (km 142;

Sellers et al. 1985). Vegetation in these reaches includes xeric Mohave desertscrub in upland settings, and

desert dparian and sbandline assemblages along the river (Warren etal.1992). Ottrer aspects ofthe

geomorpholory and ecolory ofthis large desert river ecosystem are described by Horarard and Dolan

(1981), O'Conner et al. (1994), Johnson (1991), Stevens et al. (1995, 1997a),and Bowers et al. (1997).

Impoundment reduced sediment tansport, the mean and variabili$ oftemperature in the river, and

flood frequency 6fowarA and Dolan 1980, St€vens et aI. 1997c). Virtuatly no suspended inorganic

sedimentspassthroughthe darn, but*rc ruspended load increases overdistance downstueam asthe Paria

River (hn l) and Little Colorado River (LC& km 98) and other tibutaries contibute ,"airn*r. Errosion of

sandbars has drxing postdarn time (tloward and Dolan 1981, Schmidt and graf 190, I{azel et

al, in press). Cold hypolimn*ic releases and intoduction of 20 non-native fish has led to tlre virtual or
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complete extirpation of4 ofthe 8 native fish qpecies inthis portion ofthe river (Minckley 1991, Valdez

andRyel 1997).

in the wider reaches oftlre river (Tumer and Karpiscak 1980; Johnson 1991). Local vegetation zonation,

and system-wide, reach-based and locaUmicrosite qpatial scale differences influence vegetation coverand

composition (Johnson 1991; Stevens et al. 1995). This novel postdam vegetation directly or indirectly

suppolts expandingtenesEial animal populations, including: endangered Kanab anrbersnail (Axyloma

haydeni lrarabensis, Stevens et al. 1997b), threatened wintering bald eagle (Haliaeents leucocephafus;

Bro$n et al. 1989), endangered peregine falcon (Falco peregrim$ aratum;Brown et al,1992),ryo

breeding and winter waterfowl (Stevens etal. 1997a), and abundant Neotopical migrant songbirds,

inclnding endangered southwestem willow flycatcher (Empidonac *ailii qtimr.r.s; Brown 1988, Brown and

Trossett 1989, Pettersonand Sogge 1996, Stevens etal. 1996a). kraddition, severalNativeAmerican

ctrltr.res and ttre NPS value the numerous archeological, historic and other ctrlturally significant sites along

the river, and the river corridor is intensively used by recreational river runners (Myen et al. in press).

SYNOTSIS OF TERRESTRI,AL BIOLOICAL IMPACTS

D In the following sections we describe and discuss the methods and results of individual t€n€:tial

snrdies that were conducted before, dr.ring, and2.gowing seasons afterthe test flood (table l).

Riparian Soils . 
,

Soil texture (sediment grain size distibution) is an irnporAnt determinant ofpotential vegetation

development along tlre Colorado River (Stevens 1989, Stevens et al. 1995). Kearsley and Ayers (1990
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evaluated surficial soil texture in each of numerous vegetation polygons mapped at 9 large recirculation

zones tluough the river conidor. Crrainsize was assessed rsing a subjective scale from I (clay) to 3 (coarse

sand), and the zubjective scale was refined by conducting sieving analpes. Their data suggested that the

test flood homogenized (reduced variability) of soils on sand bars, which aggraded with well-sorted fine

sand. At hn 89R" a large reattachment ba4 Stevens et al. (1996b) reported that ttre gnin size of slficially

deposited sediments was stongly negatively conelated with cunent velocity measured during tlre flood.

Fine sarrd deposition was restricted to sites ttrat susained velocities >0.2 m/s, while silt was deposited wtrere

velocity was <0.2 m/s. Stevens et al. (196b) also reported that retum current channels (RCCs, sezsz

Schmidt and Crraf 1990) with high pre-flood concentations of silt and claS were not scor.red by ttre test

floo{ deqpite velocities ofup to 0.9 m/s.

Recirctrlation zones are a characteristic geomorphic unit ofthis canyon-bound river (Schmidt and

Crraf 1990) and may influence local and reach-based nutient dynamics in this eddydominated river

ecosystem thrcugh grotxd water flow pattems in sand bars. The tansport rate ofwater and associated

nutients through the lqn 89R reattachment bar was examined through measurement ofhydraulic

conductivity ofthe aquifer materials (Springer et al. in press). The sediments {eposited on the bar by the test

flood ca$edthe existing sedimentsto be compressedunderthe additional mass,greatlyredrrcingttre

hydraulic conductivity, and therefore the velocity of ground water and nurient ftnsport through the bar.

Pamell et al. (in Stevens et al. 1996b) demonstated that ttre test flood hried large quantities of

wetland" grass and herbaceous vegetation under 1-2 m of fine mnd" They sited 44 wells (1.5, 3 and 6 m

deep) in large reattachment bars at the lsn -10.5L, 89R and 312L. Field nutrient analyses incltrded nitate,

nitite, ammonium, and dissolve o)irygen (DO), and laboratory analyses inclnded non-ptqgeable organic

carbon (NPOC) and ortlrophosphate. Crround-water NPOC and ammonium increased by 85-n8% andTg-
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6 I 77o, respectively after the flood and remained elevated for more than one year after, wards, decreasing in

mid-1997. Ground-water DO concentations deqeased at 2 ofthe sites, reflecting increased microbial

decomposition of buried vegetation. These data zuggest a linkage between ground-water and surfac€-Tdt€r

niftogen concentations. In contast, grorxd- water and surface-water ortlrophosphate concentations

appeared to be little affected by tlre test flood" but may be affected by large, rapid changes in discharge.

Wetland and Riparian Vegetation

Fluvial marshes along the postdam Colorado River exist on silt/clay sediments in low-lying, low

settings (Stevens et al. 1995). Pre- and post-flood mapping analyses ofwetland vegetation by

Keanleyand Ayen (1990 indicate little overall impactofttretestfloodon large, well-establistredmanhes

in RCCs. At their km S9R snrdy srte Stevens et al. (1996b) reported ttrat current velocities of 0.9 m/s were

not sufficient to scow the RCC floor. At the km 312L site, high densities of cattail (fdwspp) and

comr-non reed (Plvagmites australi$ stems may have furttrer reduced current velocity and limited scour.

krge RCC manhes are relatively rare, and Stevens (unpublished data) found ttrat the numerous, small

patches ofctrannel marginmarshvegetationthathaddeveloped dwing interimflows Qowfluctuatingflows

from I 991 to I 996) were scoured on a system-wide basis. Density of ttrese small manh patches decreas{

by 29/oto407o, with more scor:r obsenred in narrower, downsfream reaches.

Sandbar and channel margin riparian provides novel habiat for high biodiversity and abundance of

invertebrates andtenestial vertebrates (Johnsorr 1991). Sandbar vegetation was altercd by the test floo4

but impacts vuied between grourd+over and perennial qpecies. Agg-adadon of l-2m offine sand on

sandba surfaces br.nied highly productive, ground-covering grass and herbaceous assemblages (Kearsley

and Ayers 1996, Sterrerx et al. l996ab). kr contasg pre-establistred woody pe,lennial qpecies, such as

D
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tamarisk (Tamwix ramosissima), coyote willow (Saltx exigw), seep willow (Bacchois spp.) and ottrer

qpecies,grewupthroughthenewsanddepositsandexperiencedlittlemortality. Proftseregrowthandrapid

recovery of overall perennial cover may have been influenced by increased soil ntrtient availability

documented by Pamell et al. (in Stevens et al. 1996b).

Keanley and Ayen (1996) documented a reduction in the sandbar seed bank by germinating seeds

from 3 surficial soil sampleVvegetation polygon. Soil samples from below ttre flood stage showed an 80%

reduction in seedling density and species richness followingthe floo4 wtrile samples from above the flood a

stage revealed little overall pre- versus post-flood difference.

The test flood was specifically scheduled to avoid diqpersal and germination of non-native plant

qpecies, including tamarisk and Ravenna grass (Sacchrwt ravennae). Tamarisk is well known as a flood-

OWrseO invading qpecies; however, its seeds are short-lived and do not persist over winter (Stevens 1984.

Thetest floodwastimed to allowat least several weeks forttrereworked sandbar srfacesto desiccaie, and

theneby prevent germination oftamarisk Although ttris scheduling stateS/ was higbly successful, the

zubseqnent higt/steady flowregime in 1996 andl997 allowed some successful tamarisk establishment

(Stevens, personal obsenration).

Ravenna grass is a tall, European bunchgrass that was inhodrrced by the IIIPS as an omamental at

Watrweap lvlarina on Iake Powell. The inriasion ofthis specieq as well as giant-reed (Arundo donm) md a

Russian olive (Eleagnus angwtifolia)into tlre river ecosystem was rccognid in 1991 by Stevens and

Ayers (1995). Inlgyz, as discussiors ofplanned flooding b.g*u a non-native plant confrol program was

initiated using vohrnteer labor. This program mechanically removed approximately 104 Ravenna grass

plants, and numerous individuals ofRussian olive and giant-reed As aresult ofthis effort those qpecies

have not proliferated (Kearsley and Ayers 196), and the on-golrg NPS monitoring and contol prrogram
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has been highly effective in preventing fi4her invasion (K Cnxnbo, Grand Canyon NPS Wjldemess

: Coor.dinator, personal communication). Similarly, non-native Z epidium latifolhnn@rassicaceae) and

Eragyostis arwla@oaceae) distributions were not obviously affected by ttre test flood (Keanley and

: Ayers 1990, but non-native camelthom (Fabaceae: ..4 tlngi ca netonm)may have inqeased thrcugh

hydrochory or in response to the nutient pulse as a result of the test flood (Stevens, personal obsenration).

Predarn, upper riparian zone (URZ) vegetation was identified by stakeholders as a resource that

t could benefit firom the test flood. This vegetation zone characterized the pre-dam river ecosystenr, and may

be in a state of long-term decline because offailing recruitnent (Stevor^s and Ayers 1995).

exhaustive stem growth and dendrochronological studies by Anderson and Ruftrer (1988) failed to

docume,nt increased growttr under flows of>2l0m% in 1983 and flows >1275 m% in 1984-1986. This

eisting demonstrated

that no relationstrip exists benveen high flows and URZ vegetation growtlu and (2) the 1996 test flood stage

and duration were much shorter than those ofthe 1983-1986 floods in which the original research had been

conducted.

Ethnobotanical studies bythe Hualapai Tribe also indicatedthatalthoughthe flood-related

inoeases in grainsize were detectable for>430 km downsfteam fromthe darn, and>20 km onto upper

t I-ake Mea{ overall flood impacts on riparian vegetation were nominal (K. Ctristensen and A.M. Phillips,

III, Hualapai Tribe, personal communication). They documented redrced plant species richness *.2 of 4

large sndy sites, but equivalent cover prior to and after the floo{ and rapid recovery ofthat vegetation

dwing 1996.
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Species of Special Concem

Kanab Ambersrwil: Known populations of endangered Kanab anrbersnail (KAS, Srrccineidae:

Oryloma haydeni kanabeiavs) occur only at 2 springs in the Souttrwest, one of which is Vaseys Paradise

(VP) at Colorado River km 51R (Stevens et al. 199ft). The VP KAS population occr:rs primarilyon 2 host

plant species: native crimson monkey flower (trIimufus cudirwlis)and non-native watercress (Nastrytfun

oftcirale),and the cover ofthe host plant qpecies increased downslope from the 1275 rrf lsstage at \iP

fo[owing dam consuuction. The IGnab Ambersnail krteragency Monitoring Group (KAIMG, 1997;

Meretsky et al. in press) documented the test flood impacts on this snail population Topographic surr/eys at

VP before the flood revealed ttlatlsl.2rn3 ofKAS habitat existed downslope ofttre 1275 m3ls stage,

including 5 I .3 rn'z of monkeyflower and 3g.2 frof watercress. The flood scoured 67 .4%of the flood zone

vegetatiorl leaving only 14.3 m2 of monkeyflower and 14.1 nr3 of watercress; howey virtually none of the

remaininghabitatwassuiableforKASoccupation Flabitatrecoverywasmonitoredthough l9 {,7,and

requires >2 full gowing seasons to retum to pre-flood levels, with slow recolonization of scor:red, high

angle bedrock surfaces.

The KAIMG (1997) sampled a total of 180 20-cmdiameter plots before *re flood and estimated

that 21 15 KAS existed belo w he 1275m3/s s@ge. A total of I275KAS were marked and moved above

tle 1275 m3/s +0.5 m stage prior to the flood. Based on 96 20<mdiameteflplots or full parch counts fiom e

the mid-April 1996 post-flood poprlation survey, an estimated 400 I(AS existed downslope fiom the peak

flood stage. They observed that several KAS had recolonized a watercress patch just below the 1275 m3/s

stage by mid-April , 1996. Monthly KAS population surveys in ttrese same habitat patches revealed that the

KAS population in the lower VP study area remained lower than 1995 population lerrels well into 1997.
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Soutlwe*ern Wjllow Flycatclnr: Endangered souttrwestem ryillow flycatchers (SWWF) nest in the wide

reaches ofthe Colorado River in Crrand Canyon @rown l9S8). Over the past 2 decades of snrdy, SWWF

have built nests in dense groves ofnon-native amarislq occasionally with a scatbred overstory oftaller
.

tees, near flr,rvial marslres. A 1996 U.S. Fish and Mldlife Service Biological Opinion onthe test flood

defined several measures to mitigate impacts on the SWWF in Grand Canyon. Stevens et al. (1996a)

sildied habitat changes at 4 historic nest sites in Grand Canyon. Fluvial marshes associated with these sites

were dominated by common red, honetail (Equisetumqpp.) and cattail. SWWF research activities

included verifiing sage-to-discharge relations, quantifying flow depth and velocity at nest sites; nest site

and foraging habitat suucfire, and litter/understory characteristics; and nesting success.

Stage-todischarge relationships at nest sites were within 0.4 m ofpredicted elevations (Stevens et

al. 1995a). Nest stand vegetation impacts werc nominal: 2 stands were slightly scoure{ and 3 sites

susained a slight reduction in groundcover and/or branch abrtrdance at <0.6 m above the ground; howwer,

no reduction in branch abundance or alteration of stand composition occuned" and high flows did not reach

any historic nest frees. Impacts on manh foraging habitats were more severe, with decleases in uea of l7o

to>7*oA. Two of 4 SWWF sites regained vegetated area dr:ring the sumrner of 1996, while 2 other

marstres susained slight additional losses in cover tlrouglr ttre 1996 growing sea!,on

Petterson and Sogge (1996) reportd 3 singing SWWF, hrt only orre succesfully heeding pair

along the Colorado River in upper Grar-rd Canyon in 1996. The single pair apparently fledged 2 young.

SWWF nesting $rccess in ttris system is limited by brown-headed cowbird (Moluhus aer) broq4

parasitisn (Brown 1994). Tn 1997 SWWF failed to nest successfully in upper Grand Canyon for the first

time sincemonitori4gbeganin 1983, because of cowbirdbroodparasitisrr(M. Sogge, U.S. Creological

Survey Biological Resources Division, unpublished data).
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Other Species of Concern: Several other rare populations were monitored during ttre test flood. A single

population of norttrem leopard frog(Rarn ptptens) exists at -9 Mle Spring, a rivenide spring at krr -15L

(Drost and Sogge 1995)" Although mos of is habiat was inundated by ttre test floo4 the frog population

persisted apparently without major impact (Spence, personal communication). The exceptionally warm

winter of 19 95-96 allowed the frog population to be active prior to the event. Also, one of 2 known

populations ofNiobara arnbennail (Oryloma h hoydeni) in fuizona occurs at that spring, and likewise

survivedthetestflood. O

The seasonal timing ofthe test flood was designed to prevent major impac8 to other avian species.

Threatenedbaldeagle concentate inupper Grand CanyonduringFebnraryandearlylvlarcla to feedon

non-native qpawning rainbow tout (Oncorhynclnr mykiss; Brown et al. 1989). By staging *re test flood

one month after tlre height of eagle concentatiorl no impacts were anticipated or observed on this

ttneatened qpecies, save those induced by human disturbance (Brown and Stevens lggT). Neotopical

migrantpasserine birds andendangeredperegrine falcontypicallydo notcommencenestinguntil earlyto

mid-April (Brown et al. 1992),and belted kingfisher (an Arizona state species of concern) is most abundant

during April (Stevens etal. I997a). As with non-native plant iszues, appropriate hydrograph schedulittg

can be used to avoid rurdesirable impacts on biological resources.

DISCUSSION ANID IvIANAGEMENT IMPUCATIONS

The 1996 test flood was zuccessful as a sediment managenrent exer,cise; however, tenesnial

biological management activities largely focused on mitigation of negative impacts. This ecosystem

restoration effort presents one practical and two valuation and tade-offdilemmas. First, and from a

practical standpoint management foraqr.ntic and sediment-relatedresources andprocesses maydirectly
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conflict with management for some riparian resources andprocesses (table 1), The planned flood

restored sand bars and, while well-intende4 it created only 0.6 ha of new fish nursery habitat and largely

failedto rejuvenatethose baclavaterhabiats @.Ralstoq Applied TechnoloryAssciates,Inc., personal

commturication). However, it reduced shoreline vegetation that supports endanger-ed wetland and ripanal

snail and avifauna qpecies. Management for both aquatic and tenestial endangCIed species requires

detailed knowledge of tife histories and population, as well as adminisbative flexibility in year-to-year

, managpment strate$es.

Second" societal valuation ofpredam versus postdam resources and processes is complicated by

the developing refugial condition of the postdam river ecosystem (Stevens and Wegner 1995). kr contast

to widespread loss ofwetlarrd and riparian habitat throughout the Souttrwest (Dafil 1990), diverse and

biologicallyproductive habitats develo@ as anunanticipatedconseqtrence offlowregulationdownsmeam

from Glen Canyon Dam. Native riparian fauna has extensively colonized ttris increasingly rare and

fragmented habitat type, and the high levels of biodiversity confer considerable regonal conservation value

to this attered river ecosystem. Present management stategies emphasize resource protection when legally

mandated (e.g., enda4gered species and archeological sites); however, management of ecologically

important components (e.g., wetlands, sandbars, and rare but legallyunprotected populations, such as the

, Niobara ambersnail and ttre northem leopard frog) and processes (e.g, riparian plant succession) has been

nebulousandmaychangethrorryhtime Adaptiveecosysternmanagernent bytheAdaptivelv{anagcment

Work Group involves discussion, leaming and cooperation benveen sakeholders wtro have conflicting

managefiIent missions, and will have a lasting impact on ecosystem development Clable 2). The loss or

precipitous decline of at least 9 vertebrate species in ttre postdam river conidor in Crrarld Car-ryon Nanbnal

, Park is one indication ofthe need for improved. management in this system. Howwer, the lact of
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ffirmationonthepredambenthos and fislreryin Grand Canyon, as well asthepoorconditionofnative

fishpopulations intlre largelyunregulated Cataract Canyonreachupsheam from Lake Powell, complicates

the on-going debate overthe desired ry conditionofthe regulatedriverecosystem.

The ttrird dilemmafacing adaptive management is resolution ofconflicts between managing

individual species versus the overall Colorado River as ahumandominated ecosystern, including the socio-

economicvaluesassociatedwithhydroelecticpowergenerationandrecreation. The 19g6plannedflood

had a range of impacts on the ecosystenr, and adoption of ttre GCDEIS flow plan will have long-term

consequences.' This was likely the first ofnumerous such events that may be conducte4 and decisions

regarding future flood frequency andhydrograph shape are *re su$ect ofon-going debate. Analysis of

sediment storage and export from 34 recirculation zones throughout the river conidor indicates ttrat no more

than 10% ofthe sediment moved in eddies dr:ring tlre test flood contibued to bar building in those eddies

(flazel et al., in prress). By itsel4 those results suggest that high florus sfrould occur only on a 10-yr basis,

depending on tibutary delivery rates. However, shorter duratiorl more frequent floods may be useful to

store tibutaryderived sediment in channel margins, tlrereby prolonging residence time. The test flood only

inqeased sand bar volume and area for I -2yr,but impacts on endanga,ed KAS, its habitat, and riverine

manhes last z2 yr. These and other biological impacs may be corsidered as permanent ifplanned flood

@trencycontinuesatatwo-yrtequencyinthissystem Agai&flexibilityinyear-to-yearmanagement

mayprovideoptionsformanagingttrisdiversesuiteof ecologicalandsocioeconomicresotrcesand

processes.
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Table 1: Impacts of the 1996 test flow on terrestrial biota in 3 land management divisions of the

colorado River corridor downstrearn from Glen canyon Dam, Arizona.

Resource Management Division:

Glen Canyon Grand Canyon

Hualapai

Indian Reservationo

I

Vegetation

Wetland

Perennial bar/channel margin

Upper Riparian Zone

Non-native species colonization

Kanab ambersnail

Niobara ambersnail

Northem Leopard Frog

Avifauna

Waterfowl

Bald eagle

Peregrine falcon

Belted Kingfisher

Southwestern willow flycatcher

0to-

0

0

0

NA

0

0

0

0

0

0

NA

0to-

0to-

0

0 to slight +

NA

NA

NA

0to

0

0

0 to slight +

-

NA

NA

i-

0

0

0

0

0 to slight -

0

0

0

0

NA?
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Table 2: Long-term implications of the GCDEIS flow regime, including planned floods, on

wetland and riparian biota, assemblages, and processes in the Colorado River ecosystem

downstream from Glen Canvon Dam.

Species or Assemblage Site (km) Comments

Fluvial marshes Throughout Some reduction in cover and productivity

Sand bar vegetation Throughout Some reduction in cover and productivity O
Pre-dam upper riparian zone Throughout No benefit of short'duration flow;

vegetation possible long-term decline because of

failing recruitment and lack of flows >

3540 m3/s (pre-dam annual floods)

Kanab Ambersnail 5lR Reduction in primary habitat, population

from 1995 conditions; no anticipated

threat to population.

Niobara ambersnail .15L Slight negative threat to habitat and

PoPulation.

Northern Leopard Frog -l5L Slight anticipated thrreat to habitat and

population

Peregrine Falcon Throughout No measurable population impacts.

Bald Eagle Upstream of km98 Manage through appropriate timing

of high flows and human disturbance '
Belted Kingfisher Throughout No anticipated threat to population.

Southwestem Willow Flycatcher 8l-472 No impact on nest stands; reduction of

foraging habitat in marshes;

significance unclear, but minor threat to

population
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