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' -,-_l'

,.,.:,,-.1 ..-.' ullimately,determiqe the persistence of penthic codinrunities (Feterson 1986; St'ewart l98i7;, - .' .r ,,

,. 
t'. - 

- 
, '

I -- 
- . . , t

.'Petersonand,Bollton 1999). The strueture'and.,f,qrition of these communities are-rbgqpted by 
.:' , .', : '

the interaction of different abiotic and biotic factors: gowth rates are tpically influenced by a

combination of teryperaturg,light and.nutrients (Cuker 1,983; Mulhglland it at.,tgigt;*Hogg,andl ' '.
..l

wi|1iams|,996;rai!owskiandRat]997lShavelbtail.tig1)*r,a,,usro,,.;u..,are.often
. -. ':.,"

" , a ected by, herbivory, puthog"ps and hydrological:disfurbance (Cuker 1 983; Stewart l qgZj fjfinn
' :-.
' et al. 1995). In regulated rivers, flow vbriation on a daily, weekly or seasonal basis increases the - r

', 
, 

' r' j t' :

.- '. :
total wettgd area available fgrphytobenthic production (Blinn et a-1. \995). Thelareal extent of, , '... , : . , .. - . , _. . ,

benthic production is primarily determined by flow regulation (Blinn et al. 1995;Stevens e/ a/.

1997; Blinn et al. 1998) an increase in wetted channel can be substantial at higher discharges

(Blinn et al. 1995). A number of investigators have evaluated the affects of desiccation (Usher
', ;' .i l ,,. , :., .. , : ,. : - ' : ' , r'

and Blinn I99};Blinn et at. 1995) and phytobenthic response to long-term atmospheric 
'

i

exposure, results have dernonStrated hoW temporary reduction in total wett.d *"u, o.gatively, 
' 

:
zeJ

. 
..

effecti the phytobentlios (PeterSon 1986;'Angradi apd Kubly 1993.;Blinn ey at. ]995; Shaver,er
.t

at, l99l;Benenati 91 at. l99S). Milb considerable:infonnaiio , tras been compited iqgarding "'
,,f

: U"ntfriicornmunity resfonse to fluctuating flow patterns; little tinderSt lihg exislS on how the
j .,, i

: '... - ". ,1 ., t. ! -. -. r .. :

benthos might respond to stable flow conditions (Bene nati et al. 1998).

This study was conducted in the Colorado River, a system that is biologically regulated
'::

by cold, clear hlpolimnetig t'elease (94"2eC) qattems: This system Fupp:orts aphytpbertthic, .. 
.,',,.:-

community of sizeable standing biomass; yet redrrced benthic diversity (Stevens et al. 1997). :
I . _', .. ,

,)

I

o





l
-:

I

'' ' 1 '. ,.' r' \- ':' 
';

thought to be responsible for the rapid in-stream response after hydrological disturbance (Blinn er
I - t- 

' ':' " ,., , l

Numerous studies have increased our ecological understanding of benthic response,

recovery and recolonization relative to variable flow regimes (Usher and Blinn 1990; Hardwick.- : ' ' ".:
eral ;1992,;eng. adi and Kubly 1293; Shannon et at 1994; Shannon e t:qt. 1996:B,linn el al. '; '

^1 -.
.,

1995;.rShpvet et aJ.'1.997; Stwens el at. t:997). -As a result of these studies, it has,been. '', I ' ' '"

:l'" ,..,

hypothesized that steady flowsiwould'have,an affbct of incrdasingialgd biomass inthe Varial. ' I

:. l. '. 1 r .'' .

zone (Benenati et al.1998). However, lill" information regarding actual flow stabilization for

j 
, 

.- 
:

large regtrlated rivers exists to validate thid.ecosystem r€sponse. Also,.thgsg pagt s{udieq liavq qot
- -r. r , , : 

': 
: t 

, . . ,. .. ,.,., , 
-

addressed the affects of stabilized inundation after substrate scouring, nor possible interactions
'.i

-

that might influence colonization rates due to the benthic community response under stable

ilows.

To date, very few large ecosystem-scale experiments have been conducted in lotic'. ' ': .,'i : " i '' 
.

systems (Hogg and Sfilliams l9-96; tslinn et al. 199!; Pamell and'Bennett 1999). The r.eleyance.' '

. .. . . , ,,, . ,, ,

of these large-sc{e expdriments are gontingent on howrwell na.tural conlitions, incidental to ,' . . 
' '

.1 '
manipulatedflows are maintained or exiqt during the expelmentaf period (Hill,and-f-night ' , 

l.i.

I
.t

len Canyon Dam to simulate certain1987). An experimertalhydrograph was developed forG
l' : : : - ': ' i' ':

flow characteristics an{ ternporal patterns that colespond{,to'the Cglorado River's'4atural' , ' .

-: '' . , .

hydrograph (Ralston; et al. 2}}l;Yaldez:et al. 20ifr0). The primary o,.bjective:of this ecosysteml ;

i ., .:
constant 227 fif s-l would provide low-velocity habitat and near shoreline warming for young-of-

.t\l

t,
year native fish (Valdez et aL.2000). Seeondary hypotheses were developed to test abiotic and

. t,," _'. ,: ..

. r 2r 
:

5 , ., I

i.' 1 . -:: .': , ," 
:. .r.,. , . . , ..,. .. .l 

.r.,.,
: :.,. . I : . ..1

.i, . .,., , . I ) 
' ' , I 'r .' , .

:''- ,'.' "l'' '1. .' ' . :'

I
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.

biotic responsesto these stablE flowconditions. This particular study has tdken the opportunity' ,'

afforded by steady flow conditions to addiess the,underlying mechanisms of colonization.
'I

, 
t ' .\iVe report here detailed analysis on subStrate colonization reqpblse,gf the pffibenthoi ,

!-

and macroinvertebrates to a, steadj'flow experiment. We exarnined,variations in density and

1 . - l, .t 'jbiomass accretion rBteq under the premise that rates should ielate closely to colonizatioii modes.,

In particular, we used experimental treatments to evaluate hypotheses that the degree of substrate

conditioning'and atmospheric exposure to.desiccation influenced the mode of colonizationo : :'

developmental rates ofbenthic composition, density and biomass, pur;datb suggested that :,

grazing pressure may have differential aJfects on colonizationmodes, benthic cobble structure ,

and compositioir, and on rates of macroinvertebratq densrty and biornass accretion, at least under

a

the constant hydraulic conditions of this experiment.

Powellis'r,esenfoir as a cold, clear and variable flow. The downsfrea{n tail-water sbction is- ' '

t.'

^rconducive for primary production owing to the hypolir4ngtlc and optical charaoteristics (Blinn '..

-.: .

and Cole l99l; Sha,ver et al. 1997;Benenati et al: 1998).' Variable flows are released ftom Glen .

Canyon Dam (GCD) hydroelectic facility, and fluctuate between a minimum 142 m3 s-r and
..

rnaximum 710 mlsr discharge. fnJse operational constraints limit daily 
"ariution 

to.a:pa.ximuq

chan!eofI2Z7ryt3s.lina24hperiod.ourstudyareaLeesFerryeobblebar(36956o6T.I,
. .'. . : ' -, :'' r '. :r ' ''.

1 1.1 "28{53'W1 RM 0,8) was physically-tocated above any major tribi4ary influen0e. Gl€n' ,. ' ,, lr

)

o
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I

-. . ,.... ,... ., , . ., ,.,., .-.,,r, ,- .,.

l 1 .:' r 
'-'.

Canyoq thq first 26 km dgylteam from GCD are consistenttry glear water and represenf 60% of

the total phytobenthic standing biomass produced throughout the remaining 390 km corridor in
:

Coloiado Rirer (Glen and Grand canyons)'(B!inn et al. 1995). The phytobentlic community
' :\ , .: . - ,, i 'l

.ri1al
consists primarily of macroalgae, Cladophora glomerata, Uothrix sp., Mougeotia sp., Spirogtra

' i .r.: :' .' '.

. sp., Chara contraria,bryophytes, Fontinalis sp-,'and macroiphyle, Polomogetgin pe:c.tinatus, . , 
.'. :, : :1.' ,' :j

' ,,.t,. ' , . : .: .' ., '_

Cladopkora,'is:a'green filamentous and branched alga, that functionp as the slruitural atfachmgnt

' ,

habitat for macroinvertebrates (Shannon et al. 1994; Blinn et al. 1995). ThisIoreplphltes and.

epiphytic assemblage is composed almost entirely of diatomaceous species. The dominant taxa
: 

'- 't . r :, 
: t 

, :- '"

are Diatoma vulgare. Cocconeis placentula, and Rhoicosphenia curvata (Czarnecki et al. 1976;

Czamecki and Blinn |978;Hardwick et al. L992;Benenati et at. 1998), and are the primary

'l ' 'r 
^source of autofophic energy for higher trophic levels, and that comprise the majority of

. a'

invertebrate diet'(Pinney l99l;Blinn and Cole l99l; Blinn et al. 1995).

-t "

O
\

..

o



I

cobble substratg that supported the local cornposition.of phytobenthie,and macroinvertebrate

' community.

Figure l, identifies the experimental hydrograph and sampling period that extended from.it:

I June to 12 september 2000. Treatments and control cobbles were assign edto 44transects,

containing 20 replicate samples per transect for a total of gg0 cobbles. Each .uansecr.s samplng

date was preassigned randomly; as well as the distribution of the different treatments and control''.
wrthin the,overall experimental plot. 

'For 
each sampling period,'three treatments and on6 control,

' were 
,sainpled at a 10-f 1 d interval for a totJ of 1l q4mplingperiods- The sources of cobbles

rwere all locally obtained and depending on the treatment type were collected directly from the

coloradg River or adjacent Pleistocene deposits" Where applicable, cobbles.were m"charricullu I '

: ,sqraped clean offilu*""tpys algae using safety edge razors,. To distinguish frorn' djffererrt . ' ',

tredtmenttyPes:cobblesweremarke.d(bottom9wa,ce)andpositi'onedon.5mcablet,*,9"tj

oriented perpendicular to shoreline at I to l.2m depths. All transects had comparable flow
r .., -: ., '.-. 

,.velocities (0.25 m-ts't, + sE 0.06) measured at 6A 0 depth.

. 
',. i

.r : ,

Phy"tobenthic Colo,ntization 
' 

,

All replicate' samples were visuall

cgmnosition;1ode of.attachmenl (zoospgre, fragmentation, holdfast stt'uiture), spafia[ , , .

, .t ,_r.i , :

disribulionr Poinl of colonization,,or€Bl coverage, density and filament le4gll1, The experimental

t.
cleslgn used a hierarchical approach to falsifu hypotheses. Depending on the experimental'E

outcome, certain hypotheses were mufually exclusive; therefore, outcomes were contingent on

th. otder of falsiflcation. It were assumeO tfi"t:if jgJ establishment waF due:to fragmentation'oi 
,

I -- ^y observed in the field for the presence/absence, species
,/

a

a

6

o
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. .: , it ,

zoospore produclion, than rates et colonization would have been equal,amortg:treatmentg , ',i' ' 
'

:. 
.: 

.:' i .l

Particul.arty qilce transgct layout and qdrnple assignment for eagh treatment had lh9 game, ,: ' 
.1.

: ' :. i :.. t. :

likelihgod of being colonized. Howgver, if colonization wgre due to zoospore production,it ' '

/ '. i

.),i

wouid be apparent owfurgto the algal growth pattern (filament size,and substrate'distribution).,

Alternately, if colonization rates and.secondqry growth were-due to holdfast structures and ' . -'

,dif,fciry4tial viaibility, wt would have expected to gbserve asigni{c?nt difference inra-tQ's of , i

. :: , -.. .'l . : '.

biomass accretion among treatments. Especially, since treatments T2 and T3 were known to
'.t.

:

have had'originatly a substantial algal standing crop prior to substrate removal. "Matro4lgal , .'\

I

identification was performed'in the field using a field miCioscop-e (100x), .

l.ll

' '. . : ' "'
t,, .'

Algal and ivertebrate'Accretiotn Rates : i' ' , i

I

- For.each sar.r,rpling period, cobbles were salRpled withoqt replacennent to avoid sampling
t,,' .., ).

bias among and within treatments. Circular sampling templates (12.57 cm2) were used to sample
. t, ,.'

cobble surfaces. So as to avoid preferential placement, cobble surface was subdivided into eight
..',-....,.]

quadrants with sarnpling point location preassigned randomly. All benthic material were

macroscopically identified and sorted by periphyton and invertebrate taxon into 15 field
' rl' ' 

"--

, categories using a similar method developed by Blinn et arl (L99tB) (Table-l). A broad category

refened to asmisc€llaneous algu., rn**hytes, and bryophytes t\Aefr4gl has been trsed!n the

: . 
- 

j '..

, past,(Benenati et ai. 1998) to distingirish p combined groupr.of phytobg,l$ibtaxorr(Ulothrix sp,,

' 
.r' \

, .! t- \ :

Mougeatiasp.,Spirogtrasp.,Gomphonrimasp.,Batracho,speympmsp.rRho(ochorto|tsp.,o,' I

Chara contraria, Fontinalis sp., and Potomogeton pectinatus).
.:'
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J

independent of the preceding and following sampling period. The sum of interval rate estimates

was pse{ to calculate total ch,ange iri biomass for experimental period, ffierea95't}re qecond' l

. ' r. r , ' r '. ,, ..
prqductionmpthodwasbasedonempiricallyderivedprbduction]i.adian!curves.

I:

J

,'.1

Statistical Analysis\,

t,

't

l

Production estimates are modeled using equivalent environmental conditions present at

_i'_ 
.ji,

the site. The different model parameters took into account the apparent optical properties,
. t :, . 

,, 
,.

avera$epho!psynth.eticphoton.fluxdensity(PPFD:plmolrn2s-l)estimat9datl5minintervals,

. . . .. : ... . :

direct insolation, angle of ineidence'(0,), transeci depth (p), w4ter temperature (12."C) gross 1 . 
r,

.....,.,l

r \ 1 , E-:-,-^-- I 
^ 

/fr:^l- 1I\O'1 .production and respiration rates (light and dark), and quantum effrciency 1.2 (Kirk 1983;+,

FalkowCki and'Raven 1997). Modeled assumpiions Were that nutrients were 
Sonstant lnd non- , ,'

I t. "

limiting, transmissivity was constant during experiment, normalized light attenuation (K*:0.28)

'was. considerea conbtant betiveen days (i.e.,:although i1iel variability iu light at:tenuation'wag , 
'

' .r i ., . : .. I ,. i

adjusted for by using,cos (sin Oi),/ 1.33 :K") Laslly, all primary production in excess of :

meeting metabolic costs was transferred to structural growth, as.biomass The assumption'was

that no rneghaniqaf los.s ogcuqed'forn qutogenic sloughilg, strugtural danagg;loss of , . i

r-):- :'
metabolites (DOC), or herbivory.

o

o
.II

W. used.'a'combination of univariate and,multivariate teststo determilg^1he affEct l: ,

, :, . ,: .' . I . : '': 
"

specific treitments and sampling intervals hdd'on the- phytobenthic ionimunity The statislical: . 
,

, .. , .t 
,i , 

..,..,, 
,

tests used included ANOVA (Model I) (Kruskal-Wallis), simple linear regressions, and multiple

.- ;, ': : ,

linear regressions for determining ternpolal trends an$.ftes. a{ nerrntrftgir and . , ' ,. , ,

macroinvertebrate densities and AFDM were transformed ln (x+l) to assure for homogeneity of
. : . . . ,-.'.1, .:.

o



I

RESULTS
--,\

P hyt o b e nthi c C o l oniz ati on

. Algal colonization and gqowth was rninimal for'two of the three e4posure ffeafinenIs during

the 105-d colonization pe"nod. 'The initial quantitative'source,of phytobenthib material observed

''..
to aocutnulate on Tl (100 y1. or greatel) and T2 (l yr.) was due to Aug rnt4ion. Fragpents

consisted of Cladophora, (Jlothrix, Mougeotia, Spirogtra, Chara, Fontinalis, and Potomogeton.

Although intermittently present on substrate, visual observations did not indicate a significant

increase in the quantity of fragments (p > 0.1) through the sampling period, nor was their

substantial accretion of secondary gowth following fragrnent eitabtishment, Only, 36.,4%+3.9 
:

of all cobble treatments (Tl & T2) contained fragments during the course of the experiment.
t.'

Altholgh viable, this propagation mode did not appear to be resp3nsible for, o1 as fanid in- ' '

resporisetosubstratecolonizationasotherpropdgatio1modes.i'
i

,Sourceofcolonizationf,orTiandT2,appearedtohavebeenprimarilyduetozoospor.e,

..-\
production, and of all cobbles observed dwing the course of the experiment zoospores were

: : ,. '

present 72Yo + 8.0 (n : 440) of the time. The colonization response was rapid where 50-60% of
'-r'.'..l

cobbles had detectable filaments within a l0-d period. Colonization occurred on the leading
i.r' I l

stream edge of the cobb-le, and"witfrin f O-a over'g}o/riof cobbles had filaments distribr4ted over l" '
: .t 1.. ,.

a

a

L.

10



' 
" : , :, I- 

":

mostofthecobblesurface.T'axonorniccompositionofthesefi1.qqrr9nt.s,wasp1epominan1ly:... .. :
,]

(Jlot|rixandci,ag9pnorat.Trcqtry9ntprtiat2,begantoincreaseinpt'ytoua"tnicbi,omassby

: ,..t l

60-dintotheexperiment,andhadmai4tbinedanaverageAFDMva1ueofJ.^6gm.2+0.86,and..'

I

.t'

,l

,. i \

? 4 - -2,- 1 1A).1gm-f I.Ir+.
ll

,t,

I

Whereas, treatment T3 demonstrated a rapid recolonization response (i.e., relative to the
. .: ,. -'. I l

' ' other two fieatments) .9wing 
to the 

liability 
of the 

periphyton's original 
,basal 

hgldfast struqt'ure
.

t Ar I mt ! -,-r l^-l 1^-^-
and began to accrete measurable quantities of biomass by 2l-d. This treatment had been

I

: originally scrappe$ free of.all ,turrdirrg biomass similar to:ti,;hgwever;',ryaq neverexpodedto. :'

' r ' :. :'

atmospheric conditions. The initial taxa to colonize T3 was Cladophora, fbllowed later by

. ." , 
'-' - i '

. ri. I

unbranched mucilaginous filamentous greens (Ulothrix, Mougeotia and Spirogtra). The initial
. . , t.,. .: ... I . : , 

,-: 
._. . ,. ,. .,

colonization response pattem for periphyton growth exhibited a linedr trend. This rapid growth
. 

,

pnase:Decame asyrmptcitic by 60-d, where the total sum of phytoben$gs maintained a mepn' ' '

.;
AFDI\4 of 55"8 g m-2 + 4.3 for the duration gf the experimenl The sesondary colopists, were

delay.qd in theil estabtishment until 80-d' intol the expelfnent The predominant rnode d, '

.,: 
... ,, 

r-,. 
, 

'- , l : ! 
i ',.. ,.,: .,.

' , colonizaticin for these,mucilaginous algal forms was probably fragmentiry, pdheriag loosEly to
:i

qt:

, lthe filamentous uri{ei:storage formed by Clddophora. let once established, overall accretron by

thesea[gaewasrapid,occ.uningat"arate'of670mgm'2d-'(p<0.00l).,'.'.'.,.I

o



I

periphyton attained during the entire sampling period was 4.2 grn" + l.9B (9D-d) and g.4' gm+'J=

3.8 (82-d), respectively. For treatment T3, the mean maximum biomass in phytobenthos had an'\))'
AFDM of 66.6 g m'2 * 15 (71-d). Although, these two treafinents had significantly lower

phyt'obenthic AFDM than T3 (p < 0.001), there was a trend for greater biomass accretion for

gobbles,havrng been e-xpgsed to alpospheric conditionl no great.i trt* lyr. Trendl suggested,a:

possibility of substrate conditioning and viability of residual holdfast structures. Rates of

accretion for treatinents Tl and T2,were delayed and did n<it begin to acqrue with sizeablr,' 
'1,

quanlities of AFDM until60-d into the experiment (Fig. 2A). We.pooled trea;;nt Tl and T2 
'

data since rates'werg not significantly different between treatments. Rqsults inaicatea tharafter,
I i . .,rl. ,l

]60.dAFDMroip9riptry.tqnbeganto.accrete,atarateof67mg1n?d.'...'.-

Treatment T3 was unlike the other two treafinents, and showed a rapid colonization that,)
: ..' i - , :.. ' i

was predominantly. Ctadophara,vithanoverall AFDM 
"..rriion 

rate of 930,ms m-, d-tip <9:V

0.001) (Fig. 2B). Cladophorarepresented 85.8% of the entiry phytobenthicbiomass accrued,,
."

t.and was significantly different in proportion to the overall periphyton found on Tl (p < 0.001)
;',.

,and T-2 (F < 0.001). Although, Cladopfora,was piesent in these other aehtments,,its overall
.:

percent composition was considerably less and represented3Yo for Tl, and 16%o for T2. Further

pogt-hoccomparison, ,how.d tlrut there was no iigrufrcant difference iop..r.nt cornposition (p ''
- ; ', ', . ,' ::0.I7) between these two treatrnents, which were comprised of predominantly mucilaginous,

.:
fila-mentous green algab. . ,- : '/

Results for MAMB indicated that there were significant differences in AFDM among the
:.:

tluee diffeient treatments (p < 0.001). Post-hoc comparisons indicated that the difterenqes

among Tl and T2 were not significant (p > 0.1). Mean AFDM for MAMB attained during the

o

I

o
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I
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I
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Phytobenthic Response of the contror \,-

Phytobenthic AFDM increased significantly during the duration of the experiment (p <
:

...]0.00r)atqrateof20mgAFDM*.,'d1TheaVeragephytobe3thi9eFoM

(Fig. aA). In comparison, Cladophora onaverage represented 53.4%of the Control's cobble
- 

: 
.,.!

composition, and was significantly differerit then the three other treatments O < 0.001) when

.testedforamongtreatmentdifferences.StandingbiomassofCIadopthoraincreasedduringe

'..
entire experiment with an overall accretion rate of 0.36 g m-'d-t(p < 0.004) in AFDM. It was

..]ntltablethatAFDMalternatedf,qu"J,tlyu.tween*-plingperiod,s(l0..d),anddemons

',':
osci|atingperiodicitv'thatincreas9dinamp1ifdeas:itapproa'qhedexperirnen!closue

. : -'(.

4B). Additionally, this oscillating pattern was observed for an alternate category referred to as
I

' ,,' miscellaneous algae, and consisted primar-ily of a cotonial ngg,eg?te (i.e., priinarily the diatom
'l ' " : .1. "

Gomphonema sp.).

.'.i.Miscellapeous.algaeassociatedriththeColnrpt;'trau.AFDMvaluesthatweresignif9antly:

higher than valugs {tained 4mong other treatments(p < 0.001), as well as sigpifibant within . ''rr. , ' '

variability (p < 0.001). This miscellaneous algal group represented 17.3% + 1.2 (n:220) of the

": :..

.'..imeanphytobenthiccomposition,yetby'experirnentalclosurehad'decreasedfromof24to5Toof

,f

o



D

O

, ',:i
! . .l .. ,, 

" ,' ,- | - ' - :

total composition (Fig. aB). Results indicated a significant trend in biomass reduction through

the experimental period (p < 0.001), and where the marimum mean AFDM value decreased from-,'I , , '_, ,; ..r'-, .l

67 gmz* 16, to 4.6 gmz+ 1.4. By the end of the experiment, the biomass loss represented a

. negative AFDM rut" of .lg3 mg m.'2 a,il }rig ,niscellaneor,rs alga *ascomposedrpredlimi".$tly of 
tll

. '::' ' i -'

Gomp!lonemc.'Itdemonstratedaperiodicityth4w4sbothnegative1yeorrelated,.and..:.
''',-. .; .

I . . .r ,1 /
asynchronous in oeriodicitv to Cladophora AFDM (p < 0.05). Whereas, it was significantly (p <

'I'.l',
. 0.001) and positively conelated to the presepce of bryophytes and in synchrony withits, '' i. , . , , .

oscillating peliodicity.. For all the possible interactions tested, B.yqphyte x Cladophcirq, were .

,, - ;''. . ,.. : ,' --

.:.

found to be significant (p < 0.001). Miscellaneous algae responded more positively under an

' . ' 
r 

,. 
i' T

increase in overall phytobenthic biomass and compositional difference, favoring a greater
t:

:Pto!2ortion.o|bryophytesover-Cladopthtora;b'utnotof,anexclu9ivebryophytecogposition.
, : - ..

.uunng me'experimental period, tlie Control MAMB averaged an AFDlv['value of 85,'8'9 p'
' - :. ' -,.. 

i . ., ' , -, ...(

2 + 0.2,and was significantly higher in comparison to the other treatments (p < 0.001), as well as
:.,.
differences during the sampling pqriods (p < 0.0,01) . Post-hQc testS resealed that this periodi

'. : : ' 
I .'

variation between sampling periods began to increase mid-way into the experiment and

' ' I '. ,' .t,",.1
continued to closure. Overall MAMB represented 46.6%+ 2.1 (n :220)of the mean

.

. ',. ,t '. -: ' , -

Also, results indicated that there were significant differences that existed among treatments

l: (p < 0 001) in bryophyte biomas s; yet, post-ftoc tests revealed.that only the eontrol was . ' .. ' 
.

.'" ': l ' ' : ' , . ' 
' ' . I ' ':: ' 

'' 
' ' :'

r I /'
significantly greater O < 0.001) in AFDM. The frequency of bryophytes occurrence (i.e.,

rragments) on me thre.e treatments was extremely rarg,,and repreSented ftom l;87ti for all , '. ' ' I

.,.-.
, 1'treatmdnt cobbles (n:660). In cornparison, the Control cobbles weie obSdrvedto have a,75o/o,,.'

.

O'

.l

--*It

15



a

frequency of occurrence. Results indicated that bryophyte AFDM on the Control was

significantly higher than mean values attained zrmong other treatments (p < 0.001); however, no

significant difference existed between iampling periods (p < 0,14) for the Control. Mean AFDM'

value for bryophytes was 46.5 g m2 *. 0.26 (n : 220) and represe nted 24 .tvo of the total
,I :

composition (Fig. 4B). Bryophytes, not unlike Cladophora, demonstrajed a periodic pattern
t i i. 1. , ' , ': :, .' ..-. .:

throughout the duration of the experiment; however, its compositional proportion and overall

biomas.swasnegativelycorrelatedto:Cladophora(p<0.00l).

d.This same pattem was obs6rved for Control macrqihytes, where AFDM was significantly-l

higher.thdnmeanvalues]attain€'d4rnongothertteatments(p<0.001)andnosig4rficant

).1O. Additionallv. mucilasinous 
'' 

'
-- -t- -

't/:

filamentons algae on the Control congisfe{ primarily of Ulothrix, llougeotia, and Sptlrogyla, *d, i,.

as a categoric4l group were found to be.significan.tly differgnt in AFDM among qll three , . ,i , ,

ltreatrnents (p < 0.001). However, unlike bryophytes and macrophy,tes tfiere were within ' ,

saqpling differenCes (p < 0.001). Post-hoc tests indicated that mean AFDM for mucilaginous I,

. filapentous algae {tained maximrrm levels of l4.2g mt+ 3.4 (n ::20) by the,end of the

jr . :.experimental period. However, it maintained typically averaged an AFDM value of 7.4 Em-2+,]..
, : i. :

1,.1 
in:ZZ-O); 

ana re sented 45% of the total composition ofCoqtrof cobbles.

' ,, .Detritus for the Conttol'cobbles differed sign[ficantly among thethiee different treatrnents

(p < 0.001); and as well between sampling effbrts (p < 0,001). On average dotritus for the entire '

sampling period h4 an AFDM of 65 .2 g m-2 '+ 9. 1 , ionsisting primarily of sloughe{ or . enescent

algal material (Fig. 3A). Detritus attained a meirn maximum AFDM level"'of tl:l.S gm'' + li,

although there was considerable variation between and within sampling periods (Fig. 3B). Post-

e

t)

r6



l,
,.

', 
t"

:. .. '

-,: ' -I :, ... rI ...'
'l-r : .,. .:

\.
\ ' ,., '. ,l

t.hoc corgpanse1rs demon$tated th4t within satnpling dif{ergnces foldetritus w€re temporally
:

:. : .' ,' 
1 'll . 

- 
.

linked to:changes,that oacurred mid-way into the experiment. Deffitus descended to AFDM' '

l^.,^l- ^S 1i a A ^'2revers or tv.z g m - + 2,I (105-d) by the end of the glpgrrment. Thgse lowqr de,trital leyQts were

similar to those observed for T3.
.. I

.:..

i

Macroinver:tgblate Reqpons e to E4terirngntal Treatmellirs

There was no significant difference in overall Physelta,qp. (snail$ mean density between
. . . -. I !.\ -

t,..:.

. -'ft andT2(p>0.1);pos-t-hoceomparisonsrevealedthatby 1,i.-'d,mean'dbnsities(p<0.05).and, . -

.::
rnean AFpfrl (p < 0.05; 4l d) were significantly greater fgr treatmenl T2 (Fig, 5A;.Fig. 5B)" The' .'': : ,':: '., ., ,'..

.. +aximum mean de,nsities,attained dwing the eqtire sampling perigd foi n and T2, were,J53:103.

''' ''i i

,org.m,' t 8.2-1'03'(92-d), and 35,5-10' org rii2 + 9,311d1 005-d), respectively. ,AFbM for' , ,, , ' , ,

"i. :j..'.1,
gastropods were also consonant to observed density patterns. Maximum mean AFDM attained

il

]bysnailsforTlandT2were5.9!m:2+1.s(92.d)agd||.2gm?+3',6(l05.d),respectively."
.i

.'.'

. , Poole{ datb'fqr bo{h treatments demonstr,aJed that snail density (p < 0.001) and biomass O < 
,

. r ''

0.001) were positively and significantly correlated to Ctadophora andmucilaginous filamentous
:

algal'Af'DM.r A stong llnear rglationship existed between snail biomass and denslf but not .i r

Cladophora. Although, correlated the corresponding pattern in intra-sampling variance for

,.,.1
1 , theses three benthicconstituents indicated that variation i{r periphytonbiomass did not explain

the variance observed in snail biomass or density for either treatment, T1 (Fig. 6,4) and T2 (68).

, . Alternately, treatment T3 was significantly'grealer foiboth s1ail denqitY (p < 0..01) and i
' | 

, ,. 
., 

: 

i : :

': alga,lefbVf 11l<ObDthanTl andT2,;,andhidattaiiredamaximqmmeandpnsity bf 129.7'103
r' , rl : ,:., : .l

Qrs m'2 +z?.103 (49 o and RFDM of.+9 0 g.m'+ 6.7 (80 d) (fig /Ai Fig. 7p): Also, results , - :

: ..-

D
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I

indica.tedthatT3snaildensities(p<0.001)andbiomass(p<0.00l)werepositivelyand

significantly correlated to periphyton AFDM (Cladophora, miscellaneous and mucilaginous

filamenlgus algae). T3 snail AF'DM tragked C'ladophoraat a rate of 0.86 g m'2:6-r (pr< 0,001) , ,

' and became asymptotic after 60-d.

' Fgr the Control; snails rapidly respo,nded to stabie'flows conditisqs and increased frsm an

initial density of 32'103 ongrt2+7,9,103, arrd AFDM 15.4 gm'* 3.5 to maximurir levels within

This represented approximately a six-fold increase in density and biomass. During this
.,r . ;' ''. 

'. t . '

expansion phase snail density and AFDM increased at arate of 3.5.103 org m'2 d-t (p < 0.001),

ana 
f 
:5em-2d-r(p<0:00i), .fn o""tutlmeansnaildensrtyandAFDMmarntainedduringthe

' entire experiment was,l5l'f 03 org m2t+7.4.103 and 68.1 g mz *.3.6,respectivef y (T--?2fr). , ,

: For treatment T3; Cladophora was significantly Correlated with snail denslty (It < 0,001),

although not sigrrificantly conelated to snail o".iomass (p:0,054). Findings indicated that urider .

stable flow condition snails responded to algae; yet ap,peare4 non*exploitive; and."by 60-d into

experiment snail densities and biomass had stabilized and were synchronous with the observed
'"1 I 

- -'''

i ,. 
:.

' variation for Cladophbrabiomass (Fig- 8A, Fig: 8B). 'For T3; a linem relationship existed for : ^

' ,l- ' 
:

,intra1samplingvariancebetwtienCtodophoraan{snail:biQmaSsand.density".Thislinear.
, .. t 

-. 
-, 

. , . ; l

,i

' 'ndicated a pattem of resource tracking, where variation between samples for. corTesponoence r

Cladophoia.AFDM expl.ained the observqd vari'ation in snail biomass aird densrty (Fig. 9A). By
'1.,' " .^'

theeq{oftheexpgriment'snailAFDMhadirrgreasedfro'ry73%toover95%ofthelotal:
:., .:

macroinvertebrate biomass. Whereas for the Control, intia-sampling variancp increased,with ;

sampling periods reaching mi*ittr"m variation'around-the sample mean by 50-d. Howeve4,.
. , _,. , ., ,, ,. 

.1.', .:.

I

I
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I

macroinvertebrates) biomass for the:three di

82%+ 1 6;T2,73%* 21 ; T3 ,47o +20; an(

I neither snail biomass nor density demonstated as strong of a correspondence to Cladophora (Fig
:r'.' 'l:. r .\ ' :. . -

pB)ashadT3.Theproportionofs'nailbiomasstotothl.benthic(aut9trophsarid
I-

' macroinvertebrates) ifferent'treatments and Control represented::for T1, \

[, 31% t 8 .2. The Control attained snail
:. .,, .. ,.t

densities (p < 0.01) and AFDM (p < 0.01) levels that were signifi.*tly greater than those '- '. ' ,

. ,'. I i - . . ;' i r:- .:'... :
i|:

observed qfilqng otherlreatments. Additionally, foi the Cqntrol,'snai-ls far exceeded gther . I '' , ,

. ... , r r.l,
: ^.' '

macroihvertebrate densities and biomass levels (Fig. 10A, Fig, l0B). 'r , : 1, ' . .

: ' ,l - 
' 

\

,;' ' I :"' I .

ln regards to these other larger macroinvertebrates, there was an apparent colonization lag
' ,. ..' .- l I . ,'".'l

(60-d) observed for tubificids, lumbriculids, and amphipods occupying available substrate
;..',...:i : ... .-

'However,noothef.4acroinVertebratesq9refoundtobEasabundantindensityorb.iornass-as

weie snai,ls. Duriag:the e.nlire experiment the only other inver-tebrdte observed on cobbles for " ..'|,

treatments Tl and T2 were flatworms (Turbellaria) (Fig. 11A). Test for differences in mean
,1.

'.I :--' , :

organism density Cr< 0.00'l).aqd AFDlvt O < 0,001) algong trealrnents.ihdicated that odyT3, )

' 'P " lifferent. Mean densities and AFDM levels of flatrvorms for T1 and T2 werewas srsruncanuv 0:- - 9 J -- - : . :
: -1. . ., - . . ., l

respectively 214'org m" + 46 ana f ,OZ mg m-2 +38.2, and326 org mr * 62 and'196 g m-2.+ 30.6:
! ' i' :l'l :

' , . I , Altemately,,the mean,density, and AFDM of flatworms'for T3 wqs 1,2:103 org ma + 0,!a1,103 and
",.' .. j ,. 1 :, 

-t. 
- ,'

( : -' , '

I , . 313 rrrg m-? + 38 (Fig.,ll'B). Average rate of increase for treatmqrts were: T1', 6.7 org
i r.. . ^',:.3.7 mgm-'d'; T2, 8 org m-2 d-r and1..4mg m-2 d r; and T3,25.1org m-2 d-r and 6.2mgm-2 d-r.

.t.,'. -: , . , :

. Regarding other m4croinWrtebrates, these were assbciated with T3 dnd.only'once'algdl 
,

, ,i 
:- . , I :

bion:rap! had r"m.uentty,accr.ued, Macroinvertebrateq included lurrrbriqulids":tubificids,

It'"
. i.gammanos;:grrlul{ds, and chironomi{s. Rpsults for T3,lumbriculi{s showed an iricrepe in : .. 

'

''.
l

densiry (p < 0,001) and AFDM O < 0.001) tluoughout the experiment, and 
lttainSd 

maxi11t1.

-, . , ' 'tj
' '1.,.- - ,. , l

a/

,73,Yo * 21 ; T3, 47% * 20; and Control, 31,oA +,8.2. The Ct

o

o

, lg



a

irrgan densitieS of 478 org m'2 +'t?4 and AFDM of 3.3 g m'2+ t.z',111-ay. Rpsults for tubificids

were similar' where densities (p < 0.001) and AFDM (p < 0.001) increased throughout the'::)
:.

expdrime4q although, no lppreciable increase had.occurred until mid.way into the experiment ,

' (69-d)' Once tubificids were established they attained amaximtim mean density of 557 org m2+

200, and by 92d had an AFDM of 362mgm-2+142.

However, response patterns for gammarids were not similar. Gammarus lacustris,was

found to be extremely rare for T3, occurring in3Yoof all sorted samples (n:22A). Additionally,

simulidg were qxtremely rare and were not detected fur any of the threg treatrnents, whereas

. chironomids were ternporally va-liable upon colonrzingT3 substrate. Ove.rall mean chironomid

density and AFDM levels for T3 during the experimental period was362o19 m-2 + 69 and9I2

mg m'2+ 57. Results showed that during the colonization phase (50 d) chironomid density (p <

"' 't 
i' 

.

.001) and AFDM (p < .05) increased significantly. Organism densities and AFDM increased , .l

. 
until rnidlway into the experimell and 4aiireg maximqm mean denirty of 1,.1.103 org mi + ,., '

0:45'103 and AFDM it s + g^"7, s,2, However, following the period o1,g.onunh,:"hirono-iC, ..

o

''
just as rapidly decreased to undetectable levels by the end of experiment.

. , ,. :,

In comparison, post-hoc tests for within sampling differences in the Control indicated that

changes in mean'biontass for lqmbiiculids (p < 0.001) and tubificids (p < 0.001) had increased

significantly; whereas chironomids exhibited a significantly negative decline (p < 0.001).

Lumbriculids increased over the study period to a density of 388 org m'2 + 93 and AFDM of 12.0,:

g]m.2*2:.9,a!arate]ofl0{mgm.2d-l.Lumbriculid,AFDMwassignificagflyandpositively
. i ' l .."

correlated to increased detrital accumulation on gobbles for T3 (p < 0.001), and the Control (p <

0:02). Iir regards to the Contol tubific,ids, they demonstrated within sampling variability.(p <
il

e

o

20



I
''-

..:
0.001), and by experirnerltal .closure tubifiCids lrad increased in density to 4 org m-2 + 0.17 and

' I '\| .; :' -" . ' .'i t. '"- '- '

AFDM of,544 mg m 2 +27. Ho*.urr,14.y were not slgqificantly correlated to, a"trita" t

, j '-,i

accumulation.'..
l

I

.,:

, - 
n .t - ' 

/ '

Spike FIoi Bffict
,.i l :,-l .: i . .

Tests'were peiformed to addr6ss questions.conceming tlie affeet of d short duration spike :..

. t.

, 
flow of 896 m3's-lon the benthic **ryunitr following a.period of stabie flow conditions ihis

flow eygnt occurred'between 4-8 Septembgr 2000. 'Usin! univartate tests, a sEries of ,., ..i, ;';

comparisons were made between trip number l0 and 11, to evaluate the benthic response of the

,\'
Control relative to changes in flow. Results showed that following the spike flow event, a

.. 'r ; I 
e was detected forboth macroinvertebrates ip t AOtl'ri.ra Ur."tn"roUenthos (p. islgruncant decreas

- ' . ' t, , . . r :

< 0.02). Howevet, singlepost-hoc tests for macroinvertebrates indicated that only lumbriculids
: , _: .... ,

densiw (o < 0.002), and AFDM lpvels(p'< 0.01), as well as snails d,eqsities'(p < 0,001)and" '", 
,, .:, .

AFDM levels (p : 0.02) had decreased. For the phytobenthic component, AFDM levels differed

: .. , : 'r '

sig4ificantly for Cladophola (p < 0.01) and mucilaginous algae (p < 0,01); as'wsll as the detritai .. '

component (p < 0.001). Although the effect between sampling periods was significant,

....... . .rl 'l'

reductrons m macroinvertebrate density and phytobenthic biomass cannot be attributed sololy to

the spike flow'sinbe trends toward reductibn had 6een previously'detected. Lastly, in legar{s to,,''.,,..
questions concerning cobble displacement due to hydraulics, it was determined that the frequency

of cobbles displaced for all treatrnents and Control were not significant following this event (p >

r)

I
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. estimated at depth was at 78? pr.nol m'z s-r Cumr,rlative hour durbtion of photopeiiod totatea 1+,
''- . ;,

h (+ 1.5 h, civil twilight) and had a daily underwater maximum of 1439 prmol *t ,'t.
. '. - ,- :

Net primary production estimates (NPP) based on an average hourly rate for the entire {ay,
: . I _ ':

' , varied relative to the quantity of o-iomass accrued qn cobbles 6aUfg Z)" Results indicated that' ,:

.production estimates for'the Contcil Uesed on the average total p-hytobenthic bio*as,s of 176'9 m-
"',..']

2 
1+ 5,Q) had an average trourtyNfP of 2.03 mg Or gC't *,t ht, This biomass-production:]

r" 1.'

estimatolryas coniiderably less than estimates derived for the other treaments, whqre a combined

estiqate for teatnentS,Tl and T2 had an estimated NPP of 7.93 mg Or,gC'l m" h", based.on an

AFDM of O.i+S g m:21first 50 d ofexperiment);.whereas, T3 had an estimated NPP of- and 5"84
j, ,' -

mg0zgc'lrnf hr,b-asedonanAFDlvtrlof5s.Sgrrr] |'; ' , ."
': ' i .: :.'

Although there was a reduction in biomass-specific NPP (i.e., generation of O, gC-r *'h-'),
: ,- i ,.. - i ' . ' , , " r

' tt .^
overall area-specitic NPP production was greatest for cobbles having the largest accretion of

: ^,. ,

', biomass per area. \PP for the Coritrot was estimSted ashaving an average hourly NPP of 300
I ; .I 

: i ' ' "- 
"

^':mgOzgC-rmaht;w-hergasrthgotfuertre{mentsNPPwereanof l,285ngOrg!'t,m]tr,lfolTl 
,

e,TZ (comQined qstim4e), ?nd,340 mg Oz gC I m'2 h t, Carbon conyerqions based on a
. . j., '

conservative photosynthetic quotient of l.2were calculated for the different treatments and

t Control (Kirt 1983; Falkowski axd Raven 1997)t. Daily rates for NPP carbon syntheses were

r-n'2 d'r, 6,814 mg C rn-2 d,r, and 6,06f mg C,mt d'1, for treatment T1 & T2

,(combinedL T3 and Co.nftol, respectively: Extrapolated edtimates'fortotal n€t carbonprodtction
.I

'(area-specific NPP) for.tfrei qtnalion o.f the experimen-t (1.05-d) werc2.7 gC m" (T1di,T2), 7]1 5'
''i r, .. . I .:'

ir\\ F
gC m-t (T3) and 637 gC m-2 (Control). The daily production to biomass ratio (PB) was four

25.72mgCi

. -. ..i ,

timeslls hig!for Tl &TZ (0.1:g) as for T3 and Control (0.0t),
..
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...:l-'

Mulholland ei di, 1991), reduction in ep$hytes (Cuker 1983; Hill and Knight 1987) and nUtrient

recycling by grczers (Cuker 1983; Mulholland et al. 1983; Grimm andFiiher 1989; Vanni and

Layne 1997); .In par-ticular;, Cladophqra has been shown to respond positively to snail grazing

'i 

Aarr(Dudl,ey lgg2;'sarnelle et al '1993).

1,,

' Results indioated'-thut ttie mode of algal establishrne,nt and response rate were dependent on
.).

- ' .. . : . I ...', .' 
.

the nature of the cobble treatrnent. Following substrate inundation, colonization occurred within

a 10 to 20-d pgriod,' FSgrngntation was iStialfy the most observable'mode,.yet it was iro! the ,

..',.l',',,...'].,],
primary colonization mode. Although, all colonization modeq (fragmentation, zoospores, and

l . l

' residualholdfait structurls) wereprelentthe most affective -uun, ofotaUtistment were related
.'..

to viable holdfast structures, zoospores, and lastly fragmentation. Shaver et al. (1995) identified
.' '. '.

, slow rebolonization rates for Ctadophgira anil considered colonizatiortto be entirely'due to. '

. ,: - . :

fragmentation or viability of residual holdfast structures. Their results for translocation
. .... ' , ' , , i ,, .,.. ,....., 

i:'..,.

experiments showed that only 25Yo of the standing mass had accrued after 1l-mo of recovery. In

. ofherraquatic systems; total rgcoverylas been ob.served t<i occur.wjthir 4 two'rho periga (Blum
I' : -l '

. 19[f2). This slow recovery reSponse in the Colorado River. has beenlattribu.tpd to the affects of . ,

. 'l 
'

,,cold Jtenottrermic (9'C * 2") conditions, which are suggested to be the m4jor if,rhibitor of -
.,,.,

spqrogenesis (Shannon et al'. Igg4, Shaver et a/. 1995; Bli\n 
?t 

al.'L998),, , I ''. ".. . , . ,
.I

, 'N'evertheless, tliis study:has indiiated that the colonization mode using zoospore 1'

propagulqs are perhaps morq qommon than once thoulht. Th.,e'ovgrallperiphytgn compgsition of
.l

the different treatnent cobbles was dominated by green filamentous algae, composed primarily
- : .. - . ' l, 'r ..

,,1_.

: o! Ulothrix and Cladophoya, I.t, ttne differences l" tht prop4gation modls us3d, their yiability:

and ultimate establishment may favor certain species over others. Alternately, the colonization

I

I
'ai
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for other mucilaginouq macroalgae such as Mougeotia arrd Spirogra occurred only orr treatmbnl.

,T3 once a substantial amount under-storage had developed. It appga1gd that'their predominant.. , .)

mode of colonization wpq probab$ fragmenlary since,these two taxa do notpgopagii].:by , I

zoospgreg, and fo,rrned by adfipring loosely to the filamentous under-storage of the previously ,'

establlshed phytobenthic mat.

, . ,Althgggh bothUl.othrrx and Cladophorautiliz.edzoospores:in'colonizing treatmegt cobbles
. ) ,'r' ,' ,

(Tl &T2), it appeared that the greatest colonization success favored \Jlothrix. However, algal

,, 
t t-, 

-' i ,t"' , '",;

; growttr r4te for cobbles colonized by zoospores appearedto have been-much slower in respogse

,.'
than the alternate colonization mode that relied on the use of viable basal holdfast structures.

l:

Perhaps this phytobenthic response reflected developmental and compositional differences that

existedbetweenmafireandirrtermediategrowthand.itssusceptibilitytoherbivory'.Also,we

prgsu1ne that either gr&ingzusCeplibility or glazer.,prefgrencp may be l lsPolible for thg '

different colonization responses and that the observed algal growth from Cladophora utilizing

basal holdfast structures provided resistance to grazing. This lafter treatment (T3), under steady

.: . 1 .".1" .' -':j

flow conditions responded in pattem similar to that of other recolonization experiments using
'''., .. 

:..cobb]esd{ibcatedfo13.mo(Benenatibtat.|ggg).Benenqtie1at.(l|98)reportedthat

penpnyrcn cgnsrsting primarily gf Ctadapho,rh anc- epiphytes'had'only partially i€cov€red \o,35:/o

'of the sontrol. As mentioned, our results were similar, indicaling that by experirnental closure

(15-week perio.d), Ctaitophora and associated'periphyton for. the three tr.eatments had aptained

, ,less'than 0.4, 0.9 artd39.4o/a of the biomass associated with the Cgntrql:. How€ver, this slow ,

response is contrary to other desert streams where algal biomass quickly accrues after seasonal\-.:
:

re-wetting.ofprwiously dry o-hannel (Peterson and B.oulton 1'999). ', .' ' , , ' ' 
.

a

o
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Apparentlv, this colonization mode favored Cladophtora; even so its establishment as the^ '": ' '.

initial .colonist may not reflegt differencep in algal prop,lgutigo *ode oi rllianee,.birt,rather tt..''',--.
origiinal benthic iomposition of thelcobble,prior.to the plrysical removal of periphyton. Although

i..' 'compositionally, bryophytes wele one of the.principal components of the phytobenthic Conhql's
.:

,t' corilmunity, ttrey demonstrated no effective colonization on any.of the three tt'eatments during the
. : . .. t ,. , .. -

experimental period. This response supported the premise that bryophytes are much slower to

t ' ', : . colorri"" tttan ale periphyton, However, once established bryophytes may hSve eqlival6nlt, ,1,' .
.t'

' .; _ I \i :
primary production rates to the6ther macroalgal constitubnts. Additionally, . l : .- , ',.' ,'

., , ., .. .'i .. ., '. 
,

.r:,::,_'..,-r:,,

,,.Sn-ail4er|iy9w".':''.,:'
' Previous colonization experiments in the Cqlqrado Riy"r perfonned byAngradi et al, t, , .' '

':' (1993), showed that in absence of snail gazing pregsure, Ulothrfxresporided rapidhy in;acgeting 
,

..t',""-

biom.ass (Log,o biornass = 0.09 (d), f = 0.96). Clearly,wecannot say,with celtainty tha!,the 
,:' : -.: -, : rr '' ., ' ,...., .' sequgntial pattem o.bserved for biomaSs accretion in phytobenthos and macroinvertebrates was.ln '

response to herbivory. However, these response differences among treatments would suggest

.. l: :r' ' .. .'i" . | " -: , . :

, i that susceptibility to snail gpazingwas deperident on the different,modes at earlier stages of algal
, ., ,.' ,..' ' ccilonizatibn, In considering benthic colqni2ation resp6nse by all treatments,'it appears there was .

..t,
insufficient:time for the benthos to re4ch density or biomass levrcls thatwere equivaleri! to ttiat of

- l : .. 1 ., tt t :

i the:Control. Of all,the tredtrnents, T3 colonized the fastest'owing to the vilibility of holdfast ' , '
tl

stfuctures.,Yet, in,comparison the autotrophic,and invertebrate AFDM for T3,had attained only
i,

t.' ,l

+To/{and 600/o gf lhe Control's biomass.
I
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' ^ : :' :' '

suqcessional stages (Dudley and D'Antonio l99l). Higb algal tunlover rates,can support high: . ., '.. r '' .

herbivor,e.biomaps (Lzrnbert! and Rgstr" 1983; Lamberti et al. 1989) resulting'in an inverted
i f :' , ':'

biomass accretion and export were greatest under high irradiant levels, and demonstrated that

....algaeproductionexposedathighinadiant|eve|forbothgrazedandt$z
. range of abundance., This indicated that qazng at,high light intensitiesrdid notinfluegced GPP ,. ' ' , a

.l :1':,...'..'l,,,l.',..,.':l.,
rt r . . .,!

rates and standing biomass. However, under lower light intensities, there was no significant
il ', ,

. t. :

1,,r."/.
For low production the primary process reducing standing biomass was due to grazer

r ". -

consumption; whereas at higher production loss was primarily through sloughing and
, . , i ., .,......di,1odg'ent,,withonly5%ofalgalbiomassconsumed.athigh

,'.'1.,.Wesuspectthatifintermediate'successi9nalpropagulequch

',iremaihedsimilartottieinitial!nilithicstate1rastgtowing,adnatediatoms)(Cuker1983;Hilland
t.

Knight 1987). This appeared to have been the case for treatments Tl and T2, where cobbles
. : , : ';

.

i, , ,

, , rely high sniit time for algal establishment to have escaped silait grazing.pressure gwing tq extren

lgse,thatsnail.,.densities(l0..foldincreap.e)onbaresubstra. : ,' ., ,

'; ' ' '' ." 
Lay have been moqe effective'on bare substrata,yetthe stUcturaI development foraging behavior m -

, ihat. ' ' ', , , gf the under-story may,have provided structural integiity an! frrnetional comptrexity

o
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increased the foraging are4 and attenuated flow velocities allowing for greater densities to accrue

and persist. ' : . .. .', : '

'..',....',..,..,..,
' ,, Underintense grazir,rgpressurg, lllg suece'ssional epiablishm e;nt'of,(Jloth4ix artd Cladophora

_ I ' l_ t ,

t/ I Iappeared to have proceeded only once substrate conditions were suitable for propagule settlement
i- ,l

(Dudley and D'Antonio 1991). Ultimately, filamentous algae appeared to have outdistanced the

:''
presence of snail gazingby increased biomass production after 60-d. This lag-time in biomass

accretion has been observed in other experimental and natural systems, and has been attributed to
'l . ., ,. , : ., ,, . , .,

an algal eqhancement responseto tlieefhctsof grazing (Peterson and Bqulton 1999). For

. '. ; r -. r.

tre?tment T3, the rapid increase in biomasq #ith tirne, may'have been related to the diffelenee in , '

r':t"

:. Findings from other studies have indicated that snails don't preferentially

graze onmature Cladophora owing to their large, thick cell walls, and filamentous structure
'I 

\ . ,:

(Calow and Calow 1975; Skoog 1978),yet early in their development snails are known to crop
JL

young filamentous growth (Hill and Knight 1987;Lamberti et al. 1989;Sarnelle et al. 1993;

Petlrson and Bou!1on 199!). This respgnse appeared to be the case for treatments Tl and T2.

Interspecific competition has been shown to influence the distribution and abundance of

:-rbenthic rracroinvertebratbs'(McAuliffe 1984).: In particular snails have been shown to have a

t
"' ,'!

negative affect on densities of periphytic grazinglarvae (Cuker 1983; Hawkins and Fumish
!

19S7). One would expect that when populations expand to high densities they would have a
/ - -- E

major structuring affect. Competition for resources by exploitation or agonistic behavior should

exist only when predators are absent (Bronmark et al. l99l). Ecologically, we are unsure why,

.... , 
l .'

such high snail densities were observed in the Colorado River; however, we recognize that this
.,

would be expected if snails were predominairtly.rnvulnerable to:preda-tion (i,e.;,sp..e,gulated for ,

: .. 
.-

I : : . . .r a

' ' ',,-
: ::'.' | -. ) : :. ..

.r " ', : ,' '.' " ..' 
t. .,

, i ,,.1
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'.ColoiadoRiversystemlacksmo1uscivores).Also,itwouldbeexpectedoncepopulations

reachedsomecriticaldensity,whereta,tawouldexploitcertainresources(osenbergl989).
.''. , : .] .
Hewever, thid resource exploitatioR was never observed, exoept for g ternporqry suppression of

eany rnacroargar dwelopment duri-ngttre initial colonization of treatmentTl and T2.

. , Exploitive competitioir wasnol observed for Cladophora;howpuer, a negative correlation
- '

was irbservedbetween gastropods and miscellaneous algae (i.e.r prirnarlly $el4tinous stalkq bf the

t ','

diatom Gomphoneirya sp.). Although wg presumethat eprphytes attached to Qladophoravlefe

influenced by grazing, there was little if any trend of snails limiting the structural component of

, the host-plani .tp the Colorado River; epiphytes function as th-e primary source of autotrophiga 
.

energy available for higher trophic levels (Blinn and Cole 1991; Blinn et al. 1995). Typically,

ptytoUentfric biomass represents onl1, a sinall proportion of'the total gtream production (Gregory

1983). Their trophic importancs to this system cannot be overstated (Czainecki et'al: 1976; ' ' 
.

.

Czamecki and BlinnltgZg; Hardwi ck et a!. ]992;Benenati et at. 1998) Epiphytic-host . "
-'

relationships have been identified as'beneficial to macroalgal host plants by di.{fe19nt , ,' 1,, 
,

mechanisrns,'such as nutiertt exchange, protection from high qolar incidence of viqible'and UV

,lighi'anddeqic9atio,,]1H*li,,|9:|3;UsherandBlinnl990:Biinnaal.199i).Evensothereis
..

-:

' corisldeiable evidence to the confiary. rrccuqulalion of epiph$ic biomass has been,shown to 
.

increase hydrological drag (Stevenson and Stoer4ei 1982; D'Aritonio'1985; Mulholland e't al: '

. ,-" "l -:-.rl:t994S,,,"ompetitionfor light and nutrigqls (Whitto4 D7};Phillipi et aI. l97B; Dudley 1992).

Stqvenson and Stoermer (1982) and other,q (Dudley 1992; Cuker 1983.; Muiho \landeg ql' 1983; 
,

' ,.- ' : . 
t '',

., ; 
.I Stewart 1987) have indicatgd that under nutrient.limitati oris Ctgdopkora.was un4ble to oulgrow
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, . .- !'
.: .' . r. ,

:t 
. . ,.:,'

.. ;.. ' ': ,'
...,.

its epiphytic load. 'This,lesulted in encrustition of'epiphytes and increaseA susceitibility:to 
:' '

.:
sloughing.

: 
_r ., . _..,..,Foit1ris.reason'Cladophoramayrequir9grdzingtoSuppressexp-e.ssiveepiphpicloads

, :.,, " .. ; _,t.-....
. (pudle y '1992) fne Uuitg dp of a. large overstory of epiphytes can be, reduced ;by : graztngQrlicorti i .

' :,,

,

'and 
Kniglt 19!7). Opr experimental observation supports this reFpp{rse, where iigL Chaophpra': 

.:

' i, i " '

biomass was maintained and responded positively to snail biomass and densities and negatively
.'.

to colonial aggregates comprised predominantly of Gomphonema (miscellaneous algae). High

algal production rates have been shown to escape the negative effects of herbivory (Whitton
',. 

-. ,. 
j'-

1970), Differences between treatmOnts potentially explairred how biomass acpretion may have . ,. 1 r,. . , : " i

escaped regulation by grazers; however this response would haye'been 6xpecte{.to be' ', r , , ,

,-.\; .,a

constrained at some point when $aziflg numbers had inerease (Laniberti e:t,'al.' l9S9); lince r -' .

epiphyte availab.ilityhas been shown to limitsnail prodgction (Osenberg 1989). In coinparisp'n;

ctoss'sarnpling biomass production estimates for the Control were considgiably less at-36f gC m:
.. .

', than those derived from biomasS-specific NPP, based on O, ggneratio& estimated at 637.0 gC '
.:i_

m'] (Table 2) The lattei fVff estimge for.algal production, should hlve been suffrcient to have

maintained snails at AFDM levels of 104 g m2 (t ll.2). Secondly, our derived estimates of

13,,22mg 02 m-2 hr, based on biomass-specific NP rdtes for Cladopkgr,a and epiphytic diatoms
'I 

.

(high inadiance and low biomass) were equivalent to other documented biomass-specific

prqduction levels.(l3.5 mg O, m-21*t), under grazeidcortditions llarnberti 
and.Resh,l983;Hartgl

al. 1991).
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The 4airitenance of epiphytes at lower levels may reduce the frequency of mature algal

mgts from slo-ughing (Mullholand et al, i9q3). In comparison to the Control".w,e obsQrved no" ,

': :

peno.dtclty ln algal standing biornass for the three other treahnents. The denSity of T3,lsnails had:' : -
s.tatiilized mid-way into the qxperiment, yet were 437o less'than Confol aengity (Fig 7B). The ,, :r

distributional differences in both $ensity and biomass,would imply that greater productlvity was
i

I

occirning{nthesemafurecobbles;eventhoughourareal-production.estirnatesforNPPwere. . .

.

slightly greater for T3. .Grim and Fisher (1986) suggqsted that lag;timb i4 biomas-s accretion was

due to nutrient,fluxes-in pqimary production rates. Although, it has been Suggested that once

.| I'

sufficien.t biomass ana aetritus had accrued, it would facilitatq irutrient cyclingand buffer fluxes 
.

innutrientsupplyf,orstearnshavi$lownutrientconcentration(Mu1hol|a4detat'1991).

Previous wqrk by Benenati et al: (20A0) lrad identified tlrat the lrypoliqrnetic flows of Colorado

, ' River were at or below detectable levels; Dis'turbance (flooding, flow variation and desiccation)
' ., 'i ..

: may Frrest sucoessionql shifts in gtrytoUentfric cornposition (.Whitton 1970; !o,-wjr and Stewart ,

lg;&7;Dudley *d D'Antonio 1991; Blinn et al. 1998). 'Flowever, nutrieni sr4pply was conpid'ered '

less important in systems wittr frequent disturbance becad$e limitations in availabilitywould not

funstion as the prirnary factbr precluding biomasi accretion from r-eaching its steady stdte

' :. - ,. I

condilion Oaulhollar,rd et al, l99l), Aq aresult of stabilized flows conditions, the higher derrital

and snail levels exhibited on the Control may have provided greater nutrient availability and

a

,(

I

'...
cycling. .-

I
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Sloughing

, Export of alg4e via drift was ligh ingrazed streams, under high irradiant leve.ls wheie, , '

:,(':'l-'

snailq'sloughed and dislodged periphyton (Lamberti et al.'19891. This,'was considered amajor ,

..,...'.1

' mechanism rqsponsible for algal export. Although;,the .qloughing,process hdsbe6.n altributedto. '- :,.

seasonal loss in standing,biomass an{ shifts in oommuriity physiggnopy ($tevens"on and

clumps of Cladophora (Dudley I 992):

' Stgelmel l'982;.psenberg 1989);'as wel.f as facilitaling enhancbd growth due !o increased lighq..:,,,
. ' ' i rr'| : "' 

Fs. Mulhollan d, et al.'(lg9l) identifred thiilbiomasj; "" ' '
nutrient cycling and removal of epiphy

accqetio.4 varied episodically due to large.scple,sloughing of periphyton. ,Yet, it dops not.dsem, .

"-:.,. ,, ,' ,i.- I .:

'likgiy that pnail grazingwas thg majoi factor responsible forthe irsc.illating periodicity'iq loss. *b
. I -: I

groWth of biomass. Variation in dis.lrute can reSult in tufbulent flow th4! '9xert shear forces , 
' ' 

. r ,

diiectedontoalgalrnatssufficiente4<1ugh'tocause.qubstantia1bjomasslqis(Lar.nbertig.tal'
,':t. ., ,

:t9dl;Osenberg 1989; Biinn et aL I9i95). However, episodic orincremeirtal drit.aue to variatton

iX hydraulic force eould not have been respOnsible for ths periodic oscillations obsErved t-or
'a't.

'i'
Cladophoro (Mulholland et a1.,1994; Shannon et aI. 1996). Since- during most of the , ' , , . '

experimental period discharge remained constant (227 m3 s-'1. Rather, it is possible that
'\

'incremental accretion.and dncrustation of epiphytes could have siructurally,altered the tfrlg[l'ent ,,
- . 1 , 

,,, , 't,

flow characteristics (i.e., surface roughness and load), or increased cumulative {amage to, .

, :., ..,. -' '.11 -:.": ' t ' . l

.-< 

:

zupporting fitqaents- by shear forces (Dud6y p4d DrAntonio, t 99t; Power an{ Stewart 1987).
. :1, '| .

Mature algal mats.o f Ctadophora,developed thicker oellular walls (Bronmark et at. 1991; Wilson
-

et al. 1999) and were more resistant to herbivory (Moore 1975). Yet, were also more prone to
t - .) ' 

I i ': . .'
',.."))tt_t'_

slollghing of,sengscent gr9*ttl (Dudlpy and D?Antonio l99l), egpecially hrghly gpiphytized '., 
.,

: I :, '

t

t
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CONCLUSION 
'' 

:, ,

..iIi
...Requltsfrontheseexperimentshavegrovideduswittrabqtte1understandinghowthe

phytobenthic and rn4gginveiiebrate community mig.ht respond.to flow conditions duringperiods
:'

cif inundation and re-iriundation. .These differential rates in colonization wilt fmprove our , ,: ...i

c.apabilities to predict benthic response. The colonization experiments have demonstrated that '

. . .' l .

viable holdfast str'uctwes hre the most proba-ble mode of'tecolonizationin the vaiial zene'
, :' . 

' ,: .::1 ' r

:

following effects frgm atpopheric exposure or phyglcal abrqsign drae to variation in flow ol , .,

sedimen] disclrarge. Although, it does +ot preclude colonization to occur by, othglmodis suc,fr as

zoospore production, neither colonization mode will lead to a rapid recovery response after a

hydrological distut-bartce. Howe-v€r, it is unclear, though probable that the recovery response for -

, . . , ':.
both the phytqbenthic and macroirtvertebrate commtrnity was attenuated to some degree by th9

-li

preSenceofherbivorouqsnai1s.Differencesamon$treatnierrtswouldsugg9stthatalgal

susceptibili,* to snail graz,ingwas deqendenl on $e aiffeyt colonization modes at e11lie1stug9l, 
,

of developmeirt, fn considering benthic colonization response by atl treatnen*, ii appears therg

wasinsufficient timp f,or the benthosto reachdbnsity or biomass levels thptwere e5iuivalent to. - 
,

thatofth'99oMAtpresent.wecanonl.ypqstulatewhethertheobservedresPonse.
..'..

demonstrated an interaction between herbivore, structural Substrate and a potential food resoirce.
.i:.,,

, r ri
f or tn$ reason, accrtional studies need to be conducted to determine whether or not this taxo4

I i. . . 
_!

wi|Icontinuetodemonstratean'ecologica]release.toflowstabilizatio11';:
t..

o

)

34

o



I

I

LITERATURE CITED

''.
Angradi, T.\., R.W. Qlarkson, D.A. Kinsolvi4g, D.M.'Kubly, and SA. Mgrgnesen" :i993. Glen'

Canyon Dar4 and the,Colora,do River: responSes of the aquaticbiota to dam,operations, 
,.

,' ,- AGF Report CA 9FC40079'40.155 p.- : .-',t,

Angra{i; T.R., and D.M. Kubly. L993.Effecti of atmo;pileric exposure ol chlorophyll ar, ' ',. '
';-

. biomixs; and produgtiVif of the epilithon of a taitwaier riv,er. Riegql. Riv., 8:345-358.
'.,]

Bellis, V.J. and D,A.'Mcl-arti . \96.7. Ecology of Cladophora glomerata (L.) Kutz in southern

Bellis, V.J. 1963. Unialgal cultures of Cladophora glomerata (L.) Kutz. I. Response to

' 1 temperatwa J. Phyeol. ,4::!,9:23;:.

-1 
Bandnati,-P:, J.P.-.Str+ii, and D.W. Blinn.r1998, Desiccation and'recolonfzation,-^fl 

, , ' ,

phytobenthos in a tegiitatea aesert river: Coloradq River 4t Lees Ferrv, nrizona, USA. .

lt,

-a

t 
- 

_'t 

' 
l' tl

Bengpti, E.P.; PjJ. Shannon, D.W. glinn, K.P. Mlson ard S.J. Huftle. 2000. Reseirvoir.river )

," linkaggsr Lake Pdwell and the Coloradci River, Arizona, J. N. Atn,Bqnthol, 5,o9, !9:742-
.:,755. .'.

.I ' ) ; '"
't,t .

Blinn, D.W., and G.A. Cole. 1991. Algal and invertebrate biota in the Colorado River:

. €ompar.ison of,Pre- aird Post-Dam Conditions:,-b3..Marzolf, G.R. (8d,.),.Colorado.River ,,

Ecologt and Dam Managetment: Proceedings of a Symposium. National Academy Press,

\I]v.'/ashingtonD.C..'pp.|02-I23.'..'

Blinn; D.W,,,Jf, Shanriort, L.E. Stevens,'and J.P. Carder. Igg5. Conseque4ces of fluctuating, ''

.i

discharge for lotic communities. J. N. Am. Benthol. Soc., l4:233-248.

3tinn, b.W,, f:p. Strannon; P.C. Benanati and K.P. Wilson. 1998. Algal ocology in ibilwater
,.

strearn comm-unities: Colorado River below Glen Canyon Da1n, Arizoya, J. Phycol. 
,

I

' 3'4:734-7 40. .

I

Blinn,.D.w.;J.P.Shannon,K.F.Wilson,c.o,Brien,and:P.L.Benenati.,|g:99.Responseof

benthoS and organic'drift to d"conlrolled flood. y'n. Webb,RH,? J.D. Schmidt, G.R.
'.:,

I

35



I

Blur4, J.H. 1982. Cotonization and gro-wtlq ofattached algae at the hke Micligan w-ater ling. Jq

]cPu,takesRes.8:10-l5]:.....
Bronmark; C.; S.D- Rundle'and A: brUnasson. i991. Interactions between freshwatei snails and

tadpoles: competition and facilitation. Oecologia. 87: 8- 1 8.

Bureag of Reclamatiorr. 1995. Final environmental impact statementi Operation of GlenrCanyon

Dam Goloqado River Storage Project, Coconino,County, Arizona:' U.S. Dept. of Interior.; '.
:'l

Bureau of Reclamation, Salt Lake City, UT. 329 p.

Calow, f,, L.J, Qalow.1975. Cellulase activity and niche separation in freshwater gastropodq: ,

,Marzolf, and R.A. Valdez.

monograph 1 I 0 :225-239.

Nature 225:478-480.

(Eds.) The contrglled flood in Grand Canyon Geophysical

.'1

,Chartirs, 
A,C-i M,Nbudhal'and D: Co-on. 1973. The effect of water motion on algal spore

rl .
adh,eqion. Lirnnology,and Oc.ganography 18:884-896. I . . ,

:.
,Qul6er, B.E. '1983. Grazing andnutientinteractions in controlling the activity and,composition

.t,' , , of the epilithic algal community of an arctic lakt: 'Limnol. Oceanogr.2S:13)-141'. - ,

:Czarnecki, D.8,, p.W.:gtinn, and T, Tompkins. 1976. Aperiphytic microflora anatysis of the

i ' I Co'lorado River and major tributaries in Grand Ca4yon NaJional far] and vicinity.

Colorado River Research Program Publication No . 6, 10F,op.

Czarnrzarnecki, D.B., and D.W. Blinn.lg7S.Diatoms of the Colorado River in Grand Canyonlgo51, L,.lJ.? and L' W 5lmn. Ivlu,.Lrptoms or m€ uolorqgo r(rver P,,YT
National Park and vicinity. Bibl. Phycology., Band 38, J. Cramer., 181 p.

,'t ,

D'Antonio, C.M. 1985. Epiphytes on rocky intertidal red alga Rhodomela /arx (Rhodophyta,

ueramlatesr: negatiye effects on the host and food for herbivores. J. Exp. Mar. Biol. Ecol.el

:":;''""-'''lt^'
Dudl.Y;IT'L. 1992. Benefrcial eftjbct of herbrbivores on stream macroalgae via epiphyte removal.

Okios 65:12l-127: :-
Dudlgy, T.L. and 9.114. |'Antonio. 19f 1, Thq effects of substr{e textqre, grau;ing, and . . ,

' 
!'alkowski, P,G. and:J.A. Raveri. '1997, .A.quatic photosynthesis. Blackwell $cience, Inc., Malden,

a'

,l
i

/

Mass., USA.375 p.
)

36

a



t

,Gie'enberg, A.E.; R.R. Trussel, and L.S. Clesceri. 1985. Standard methods for e.tcamination af '

' ' wanter antdlwastewater..Franson, M.A.H. (Ed.) 16th Edltion:4merican.Piiblic Health essoc
: . : I l_.

Port City Press, Baltimore, Maryland, USA. 1268 p.
!, ,.

Gregory, S.V. 19S3. plant-herbivore interactions.in.stream systems . In. BarWs; J.R., and G,W.'. :i I 
, r, ,., : 

,, .,,'. : , ,:,',

Minshall (Eds.) Stream ecology application and testing of general ecological theory.

Plenum Press, New York, 399 p.

Grimm, N.B. and S.G. Fisher. 1986.

Benthol. Soc. ; 5:2:15,

Hardwick, G.G., D.'W'. Blim, ffid H.D. IJsher.
taa^

glamerato in,the Colorado River ,'ArLZona;

in a Sonoran desert str'e*i. J N Am', ''

'_ ':,. 
l

i

.

ne algae and host plants. J. .

t',,'

r, {' ..'Phycgl. 9:243-248.
.1 :

Hart, D.D., S.L. Kohler, and R.G. Carlton. 1991. Harvesting of benthic algae by tenitorial

.. .,
Hawkins, C.P., and J.K. Furnish. 1987. Are snails important competitors in steam ecosystems?

' r :- .,r' ,. t-

HiIl,,W:R. and B.C. Harvey. 1990. Periphytop responses to higher trophic levelp. and light in a -' '

'..
shaded stream. Can J Fish Aquat Sci 49:504-512.

Hill, W.R and A.W. Knight. 1987. Experimental analysis of the grazinginteraction between a
; : : tl ,..

mayfly and stream algae. Ecology 68:1955-1965. ' : , : .

' Flogg,I.D., and qD.'Willianis. Response of stream invertebrates to a globbl-warming thermalj r .

.regime:anecosystem.leve!r4ar.ripulation..Ecology.77.:395-407.
-(

,Kirk,'JJ;O :1g83 
liSht and phatoiynthesis in'aqualtic ecosystem;. Cambridge Universrty Press, : .
t:.,NewYork'NY.,USA.401p...'..,'i...

Lamberti, G.A. and V.H. Resh. f 983; Steam periphytonand insect herbivores: an experimental.....,
study of grazing by a caddisfly population. Ecology 64:1124-1135.:.. '.'.

Lambeiti, GA., S.V. Gregory, and L.R. Ashkenas. 1989. Production capacity of perrphyton as a

':detenrtinantofplant-herbivoieinteiactions,inStrOains..Ecology.10:1840.l856.'

' t l l' ' ' r ",''

..',

I

t

37



I

Lester, W,W., M.S. Adams and E.H. Deltman. 1988. Light and temperature gffects'on. I .

photosynthesis of the nuisance algaCladophora glomerata,(L.)Kutz from Green Bay,
l

Lake Michigan. New Phycol. 109:53-58.

McAuliffe, J.R. 1984- Resourcce depression by a stream herbivore: effects on distribution and

abqndances of other grd2ers. Oikos 42i327-333.

,Moore,ltw. 197,5, Therole of.algae inthe diet of Aqgl s aquatilus andGamwarus pulexL.

trrtuttrottand, P.J,, J.D. Newtold, J,W- Ellwood; and C.[,. Holm, 1983.,'The effect of grazing. , .-

rntenslry on phosphorus spiralling in autotrophic streams. Oecologia. 58:358-366.

Mulholland, P.J., A.D. Steinman, A.V. Palumbo, J.W. Elwood and D.B. Kirschtel. 1991. Role

of nutrient cycling and herbivory in regulating periphyton communities in laboratory

strearns. Ecology 72:966-982.
.' , t ' .lJ l

, Mulholland, P.J:, A.D. Steinman, E,R. Marzotrf, DfR. Har! tud D.!: De{ngelis. 1994:,Effeet of

periphyton biomass on hydraulic characteristics and nutrient cycling in streams. Oecologia.

98:40-4V... " ,, 
:

' Newtol4 J.D., R.V. O,'Neil; J.W.i*d W. Van Winkle: (19S2). Nutrient spiralin.g'in strearris: :

, implications for'nuFient limitatio+ arrd invgrtelgrale activrty. ArqerNat..l?0:628-652. ;

. Nicorti, M-.,8, 1977 . Grazing effecJs of four marine :intertldal 
heqbiyore on the rhicroflora, 

, 
.

'.',,,Eoof'bgy58:,1020-1032' ,.,,' t '. '; I ), ,, ' .:'
. Osenbeqg, C.W; 1989. Resource limitation, lmnetition 

and thqinfluence of lifb'history in a 
.

freshwater snail community. Oecologi a 7 9 :5 l2'5 19 .

Pamell, R.A. and J.B. Bennett. 1999. Mineralization of riparian vegetation buried by the 1996

' ' .bontrolled floo'd. /n. Webb, R.H., J.D. Schmidt,,G,R Marzolf, and R.Ar Valdez:. (Eds,) The
,' ' .'.' ,.)' eontryc)lted/tood in Grand Canyon. Geophysical monograph 110t225'239. ' . 'l 

.

Peterson, C.G. 1986.: Effectq of dischalge reductions on diatcim colonilation below a large

. 'r.i,

I : . , . ,' ' : . l '... . . - ^ 
I 1'

Pe[ersgn,c.c.anaA.J''Bou1ton.l999.Streampe1manencer.1f1tlencesmieroal.galfood;

availability to grazingtadpoles in arid-zone springs. Oecologia 118:340-352.

C

a

38

a



I

I

Pinney,,C, 1991. The response of Ctadopho,rq glomeraia and assoiiated epiptr5atic diatoms to
. | , ,- j\ 1,

regulated flow and the diet of Gammarus lacustris, in the tailwater of Glen Canyon Dam.

Masters Thesis, Northern Arizona University . 94 pp.
t. :

Phillips,:G.L, D Eminson, and B: Moss. 1978. A mechanism toiaccorint^for rnhcrgp-hle decline 
'i

.';
!npr.ogressivelydutrophicated.freshwatqrs.,4quat'tsot.,4:103-1J6.].''''.''.:',..'.

.'. 
:l

Power, M.E,, and,A.J. Stewart. 1987. Disturbance and recovery of an algal assem-bfage foilowr.r,rg
d r.flooding in an Oklahoma stream. American Midland Naturalist ll7:333-345.

.)
Power, M.E., A;J, Stewart amd WJ. Mathews. 1988. Grazer conffol.of algae in an Ozark.-: . :. : - 

.

mountain stream: effects of short-term exlusion. Ecology 69:1894-1898.
, , 

_ 
l'

Rals-ton, B.2000. Grand CanyonMonitoring and Research Center Science Plan for WY 20'00 . 
,

LowSummerSteadyFlo*s: rlept;oflnterior,USGS, SZp.' t','1 :''','
, , .t'

_ Sarnelle, g.;'K.W, Kratz, and S,D. Cooper. l9ig3.Effects of an invenebrate gtiver,on the, spatial

.. 'arrsngemenJofabenthicmiclohabital.Oecologia.p6:208-218,... ''ii,', "' ,l

.Shannon, J.P,.;D.W. Blinn and L.E. Steveni. lgg4." Trophic interactions and benthio animal

, ,community structure in the'Colorado River,rAz, USA.'Fieshwatdr Biology, 3l:213-22,0. "

Shannon,.J.P., D.W. Blinn, P: Benenati, and K.P.Wilson. 1996, Organic driftin a r9qrlated,., ' I ' ':

desert river. Can. J.Fish. Aquat. Sci. 53:1,360- 1369.
:'. l

. Shaver,.'trlil-.,,J P. Shamnon, K.F Wilsgn,.P.L. Benenati and D W. Blinn.l lggT . Effects of 
.,,;

suspended sediment and desiccation on the benthic tailwater community in the Colorado

River, USA. Hydrobiologla. .35,7:,6!-12.,,

'Skobg,g, Ig7&,Influence of natural food items on $owh and 9gg prgductioqin biackish water l

Stevens, t:8.; J.P. Shanhon, and D.W. Bliln. 1997. Colorado River benthio ecology in Grand:

Canyon,Arizona,USA: dam,tributary, gnd geomorphological influencpS.' Regul:, Riv;, I l

t3:r2g-149.
-t;

Stevenson,n.r.anap,F.Stpermet..|982,:Seasonalabundancepattemsofdiatomson,,.,. -'., t: '.t.
, ': ' ' , ,. - l '.,.CladophorainLakeHurpn.J.GreatlakesRes.,8:169-l83..''...,.,-

"., 
'.t,'

Stewart, A,J. 1987. Responses of stream alg,aeto grazingminnows and nutrients: a field test for

, interactions. Oecologia.,72:l-7 ,, ; '

, ':'
'.i.:..1

, l

I

t



I

StatSoft, Inc. 1997. Statistica for Windows., Version 5.1, Tulsa, O.K., USA.
.,...'Usher;.H.D.,andD.W.Blinn,l990.Influr.enceofvariousexposrrreper'iodsonthebioma,ssand]

' rhlorophyll Aoi Ctadophora glomer.ata (ChlorophyJa). J. Phycol. 26:244-249.'.r (

Valdez, R.A., S.W. Carothers, M.E. Douglas, M. Douglas, R.J. Ryel, K.R. Bestgen, and D.L.

. . ' '' Wegner. 2000. A prpgaio of,experimental flows for endangeqgit and native fishes of the, ' ,

:

Vanni,M.J.'andC,D.Lanney. lggT.Nurientlecyclingandherbiyoryasmechanisms'inthe' , .'. . .

:'.:..:''..itop1doivnl'effec1offishonalgaeinlakes.Egology.78:2.|.40.

'' I ' ',, Whitton,B.A. 1970.Biglogy of Cladophorainfrqshwaters. n(aterResearch.4:457,-4,76. .t , , , a
,. .. , . ..'

'' ; : W-ilson, K.P., J,P. Shannon and E.W. Blinn. :tggg. Effects of suspended sedirnent on biomass . l

andcellmorphologyofCladop.horaglomerara(Chlorophyta)iqthe'Co!orado,River,{c

A,rizona. J. Phvcol. 35:35-41.

40
..

o
t,



ll/:

i<s

A

F

'c!,
c)

E
\r/

c)(')
l-6
-coa
i5

975

900

, 8i2,5

750

675

600

525

450

375

300

225

150

75

0L
3-Mar 2-Apr 2-May 1-Jun 1-Jul

DATE

31-Jul 30-Aug 29-Sep

'a o a o



T1 & T2: TOTAL PERIPHYTON BIOMASS
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Fig. 2, Plot of the average periphyton biomass accreted for teatnents (Tl, T2 wd
T3), across ll sampling periods, representative of (A) Tl and T2,tota|mean
periphyton biomass, @) T3, mean biomass for Cladophora and MAMB. Values are
expressedinAFDM Gnr2 + I SE, n:20)
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Fig.5. Plotbf snail biomass, and density distibuted across 1l sampling periods
among teatments Tl and T2, (A) mean biomass AFDM (g m2), @) mean density
(org * 103 m-2 ). Standard error (+ I SE, n :20).
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CO NTRO L: CLADO PHORA/SNAI L BIO MASS
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Fig; 8. Plot of Cladophora and snail biomass distributed across 11 sampling periods
among T3 and the Contol, (A) Control inean biomass , (B) T3 mean biomass.'Values
are expressed in AFDM (g mt + 1; SE, n: 20)
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CONTROL: MAC RO INVE RT E BRAT ES
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(+ 1 SE' n:20), (B) variance around thd mean biomass for a given sampling period.
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Table l. Categorical listing of most common taxon collected in the field and sorted to 15 categories using a
modified mgthod developed !y tBlim, et_al (1998). Conversion; for ash-free.diied mass (AFDM)
.values (g mo) used were developed by 2Sfrannon et al. (2000). l

. . '. :

I TCATEGORIES : COMMONIiAI\'-GlCtratrACrrnISTICS,' 2AFDMCONVER.TAXON
INVERTEBRATES
Annelida

Lumbriculidae
Oligochaeta

Tubificidae
Amphipoda

Gammaridae
Gammarus lacustrrs, ,

Diptera
Sirnulidae
Chironomidae

Gastropoda n, ,,

MrscEtr^ffiii('1r +ERrEBRArES
Ostracoda
Trichoptera
Enchytraeidae

PHYTOBENTHOS
Chlorophyta

iiuaophoraceae
Ctadophora sp.

.

Zygnemataceae
Mougeotia sp.

Spirogyra sp.
Cyanophyta

)l

Oscillatoriaceae
Oscillatoria

MISCELLANIEOUS ALGAE
Chrysophyta

Gomphonemaceae
Gomphonema spp.

Rhodophyta
Batrachospermaceae

, ,' Batrachospermumspp.
Chantransiaceae.

Rhodochorton sp.

Chlorophyta
Characeae

Chara contraria )

Bryophyta
Fontinalaceae

Fontinalis spp.

Potomogetonaceae
P of omo ge t an pec tinatus

DETzuTUS

I Lumbriculids

2 Tubificids

3 . Gammarus 
\

4 . Blackiflies
5 Chironomids

9'

6 Ostracods
6 Caddisfly
6 Flatworm (Turbellaria)

I t 
',

7' Filamentousrbranched algae l

l3 Mucilaginous filarnentous branched algae (MAMB)

13 Mucilaginous ftlamentous branched algae (MAMB) ,

t3

10 Blue-green algal crust

.

0.7 625r
f

. I .'
''--I

l\ a frl\0.69989

0.59603
0.82593

\
t '., '')' , 0.23329

.. i .

, 0.60774' r,
)

0.6077 4

l

0.3 5606

.

'0.37312
', '-'.

0.3nn
0.37312

0.1:4939 \

\
(

\

0.373,12 
:

I

0.373r2

0.37312

,'.
0.37312

0.3 7312
)

0.37312

0.45363

a

I I Colonial gelatinous stalks (MAMB)

11 (MAMB). ,

1l (lvlAMts) , , a

, ,15,. (MAMB)

t2

t4

8

Bryophytes (MA\,IB)
't'

, Po.tomogeton (MAMB); '

Detritus ' '

a
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Jable 2.
'l

PRIMARY PRoDUcTIoN RATES:

t-';,

'.
I

Desqription
TI ,& T2 AFDM: 0.145 gC ma

B iomas,s specific :produqtion
' ' mg Oz gc-t *:2.6-r

mg C gc-t mtz'h-l ' ', ,

'']
Area' specifi c production

mg O, m-2 6-t
mg C m-2 h-t
mg C m-t''d't
Total g C m'2

Description
T3 AFDM; 5|8 SC m'2 .

mg Oz gc-t m-2h-r
mg C gc-tm-2 h-t

: Aiea specific production :

'.

mg C m-'h-t'l)

,' ,, ,rygC ma d-t

nDescrtptton
Control AFDM: 175 gC m-t

: Biomass specific produCtion

m$Ozgc-t,tn:2fu-l '' ,

Area specific production

'mgC m-2ht
'mgCm'2d-l , '

Total g C m-2

.t

Net Photosynthesis Rate
NP Rate

Avg Mm ', Datily

13.22 16.g2 -
11.0,2 ,14.01

2.20 : 2.36
1.83

Net PhotosynthesiS. Rate
NP Rate

Aug ., 
'- Mec , .,Daily.).

'1

9.98 . 13.59, !
8.32 , 1 1.33

,601.8 690.9
501.5 576

, -. : 71657

-l

Net Photosynthesis Rate
A/t, P Rate

Avg ' Mm

4.09 7.70
3,41 ' 6.42

679.4 , l,Ogg'
'566"'2

'l

.-
8,867

'-i--, :'|
.:t:

-

I

Net :Primarf Production Rate
, NPP Rate Total ,

Avg Daily Carbo;n

7.93

6.6r

,,,

300.03' - r .

6.066
' - 637:0

ngqlti of pnmary production rates are derived from empiiical measurements i5f qq"ntum oxygen yield
relative to undelwaterirradiancq, biomass and td-perat*e. Production estimates are moa"ted fo* .'
grqss produption and respiralion rates (light and dark) using,iquivaldnt enyiroiimental cortditions present' a! the site. Pbiameters took into account-apparent opiical piirp"4io (fn = o.igl,:ppFDid"l,;-t;;-:-' ,

l* "_1ry{!11" 
(0'), t31secl dcetb 

-q*1, 
i2'cr 

{d,quanto- ig.liiiv t.z. ii"po't"d 
lrere 

are thg' '

T"3 *t: estimates ofploduction relative to both biorniss-specific andare4-spepific productiop l, -^

Ostimated for ttre three different treatrnents and Control. .. : .

t

il

O

I
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