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Abstract: We tested Ihe hypothesis that decomposition in nood-inundatt.d palche:;, of riparian tree leaf liner 
result~ in tligher plant-available nitrogen in underlyi ng. nutrienl-poor alluvium. We used 1cafpach (/1 = 56) 
conlaining cottonwood (Populus delloides 5Sp. wisliZr!nii) leaf (iller lo mimic naLUra] accumulalions of leaves 
in an experiment cond\lcted on the Yampa River ftoodpla.itl in semi-arid northweStern Colorado, liSA. Otle
half of the leafpaeks were Sf'.[ on tbe ~andy alluvial sl1I'faee, and one-half were buried 5 em be.low the sUlfaee. 
The presenl:e of NO," and NH,' presumed to resuh from a leafpack's submergenl:e during the predklab1e 
spring flood pul.se was asses.~ed us.i.ng an ion-exchange resin bag (IER) placed beneath each leafpaek and al 
control locations. Leafpaeh and lERs were collected one week after nood peak (71 days total exposure) at 
half the stations; the remainJer were collected three weeks later (93 days exposure). A multi-peaked spring 
nood Wilh above-average maximum discharge inundated kafpacks for total time periods ranging from J33 
to 577 hours. Litter lost from 43 to 68 percellt of its initial organic malleI' (OM) content. Organic mmtcr 
loss increased with total time inundated and tot;]] time of exposure on the Roodpla.in. Burial retarded OM 
loss if tbe toLaI time inundated was relatively long, and substrale texture (sand vs. silt) <lffected OM Joss in 
a complex manner through imeraelions wirh total tilne inundated and total time of exposure. No pulse of N 
anributable to leaf bl'eakdown was detected in the IERs, and leatjJack lilter :;,howed no nel change in lhe 
mass of nilrogen present. Patwrns of Icafpack ;md lER nitrogen level~ suggested [hal litter remove.d N from 
floodwater ,md thereby reduced N availability in ullderlying sediment. Immobilization oJ 1l0odw,lter-N by 
litter and N mineralizat.ion oUlside the Rood period may be important components of N flux in semi-arid 
and arid Roodplain environments. 
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INTRODUCll0N	 cycled will also influence N accumulation. Flooding 

could be a factor in both these processes, by trans
Patterns of nitTogen flux in the floodplains or ri vel's 

porting N in iloodwater onto the tloodplain and by
in semi-arid and arid regions are poorly understood 

promoting decomposition and N mineralization (Lock
(Fisher 1995. Sch~td.e et a1. 2002). For example, the 

aby el at. 1996. Xiong and Nilsson 1997. Andersenfresh deposits of sand and silt that contribute to flood
and Nelson 2003). Nitrogen mineralization associatedplain formation along these rivers are commonly low 
with flood events could be especially important in dryin nitrogen (Puhakka et a1. [992, Godoy et al. 1999), 
land environments, where plant litter decomposition isand riparian plants colonizing thcm have been shO\.vn 
controlled largely by moisture and tempcrature reto be nitrogen-limited (Adair and Binkley 2002). Al

though niu'ogen accumulation has been documented in gimes (Comeaux et ai. 1995). Whereas npwke of 

dryland floodplain soils (Adair 2001), tile sources and ftoodwater-N would benefit plants already cstablished 

processcs involved remain speculative. Nitrogen must in nitrogen-poor substrates, germinants appearing after 

be imported into floodplains lacking nitrogen-fixing a flood event would have to rely on other ~ources of 

plants, but the proportion of plant nitrogen that is re- nilrogen. Litter-derived nitrogen would be available 
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even to species requiring bare substrate (e.g., Scott et 
a1. 1996) through lateral transport of N during post
flood precipitation evems or shallow ground-water 
movement, or through root extension into litter-cov
ered zones. 

Flood attributes (e.g., flood timing, magnitude, and 
duration) and conditions outside the Dood season will 
interact to influence floodplain N mineral ization pat
terns. For example, the seasonal timing of a flood 
event will determine how long litter is exposed to the 
terrestrial environment. Such exposure changes liLLer 
quality: the proportion, and in some cases the ahsolute 
amount, of N in leaf litter has been documented to 
increase during early phases of decomposition in bolll 
terrestrial and aquatic environments (Swift ct al. 1979: 
126, Wehster and Benfield 1986). This change in litter 
quality, sometimes referred to as "conditioning," is 
associated with immohilization of N by microbial de
comp05ers colonizing the Litter (Baldy et al. 1995, 
Hobhie and Vicousek 2000). The decompositional statc 
of floodplain litter when flrst inundated will thus in
teracl with flood duration in detemlining the extent of 
N mineralization. Also, floods can bury leaf litter un
der sediment and thereby modify decomposition pro
cesses (Herbst 1980, Metzlcr and Smock 1990, Boul
ton and Foster 1998). 

As pan of a study to elucidate nitrogen dynamics 
on semi-arid river floodplains, we hypothesized that 
(he spring inundation of the previous autumn's leaf 
litter elm creUle a pulse of plant-available nitrogen 
rammoniuw (NH,+) and nitrate (NO,-)1 in underlying 
sediment. We predicted that thc amount of NH.- and 
NO,- (as measured by ion exchange resin bags) en
lering sediment under leaf litter will be positi vcly re
lated to hoth the length of inundation and the level of 
leaf breakdown as measured by organic matter (OM) 
los::.. We assumed that the moisture retained in sedi
ments following flood recession promotes additional 
mineralization and predicted that the total amount of 
plant-available nitrogen generated would be less im
mediately after Ilood recession than three weeks later, 
by which time growth of new seedliJlgs is normally 
underway. Because sediment tcxture affects post-flood 
moi.sture retention. we also predicted that the addition
al mineralization and OM loss would be greater where 
sediment was tine (silt or day) relative to where it was 
coarse (~and). Wc tested each or these predictions con
cerning N availability using both buried leaf liller and 
litter lying on the ground sllLface. An allemative by
pothesis, that tbe previous antumn's leaf litter cannot 
fW'rush a pulse of plant-available N because condition
ing is still underway. would he supported if we found 
evidence of leaf breakdown (OM loss). but no asso
ciated pulse of plant-availahle N and little or no loss 
of N from leaf litter. 

STUDY AREA AND METHODS 

We \vorked on the floodplain of the Yampa River 
at Deerlodge Park within Dinosaur National MOllu
ment in northwestern Colorado, USA. TIlis river is 
free-flowing and, at Deerlodge Park. is a sixth-order 
stream with a mean annual discharge of 55 m' S-I and 
a large snowmelt-driven spring flood pulse (mean peak 
flow ~". 350 m3 S-I; Cooper et al. 1999). The regional 
climate is semi-arid; long-term mean annual precipi
Lalion at Maybell, 20 km cast of Deerlodgc Park, is 28 
ern. The floodplain supports an open gallery forest of 
Fremont cotlonwood (Populus deltoides Marshall 
suhsp. wislizenii (Watson) Eckenwalder; nomenclature 
follows Weber and Whittman 1996). with a well-de
veloped herbaceous layer under the mature lrees. The 
channel margin is irregularly bordered by dense stands 
of eotlonwood saplings that contaJn few understory 
plants. 

The study was conducted on the margin of llle ac
ti ve channel at a site (Figure 1) where thc bed has been 
stablc or aggrading since 1997 (mean elevation in
crease <2 em/yr, D. C. Andersen, unpublished dara). 
The site is inundated during most spring floods but 
otberwise dry. Snrface sediments are typically sand or, 
less commonly, silt, and mierotopographic variation 
pmduecs natural accumulations of cottonwood leaf Lit
ter following autumn leaf drop. Vegetation on the site 
was sparse. Adair (200 I) reported a total nitrogen level 
of 0.3 mg g-J or 0.03% in thc upper 20 cm of freshly 
deposited sandy sediment along the reach, a very low 
value for temperate-regiou mineral surface soils (Post 
et aI.1985). 

Fresh FrcmolH cononwood leaf litter was collceled 
from the ground beneath mature trees in Deerlodge 
Park in autumn 1999, dried (500C), and then stored at 
room temperature in opaque plastic bags. Leafpaeks 
were constructed in March 2000 by placing -7 g of 
oven-dried (60°C) leaves (15-25 leaves) into -15 X 
15 CIll envelopes made of polypropylene netting (-1

em mesh). The prepared leafpacks were stored in air
tight plastic bags until installed on 28 March 2000, 
prior to the spring 2000 ftood. With a few exceptions 
described below, one leafpael< was placed at each of 
56 stations set oul al 4-m intervals along threc lines 
oriented roughly parallel to flow. Lines were separated 
hy at least 4 m. Each leafpack was installed --20-cm 
downstream from a galvanized wirc stake marking the 
station. Ins tallatjon positions altemated along each line 
het\\'een (I) on the ground smface and (2) huried tin
der 5 cm of nne scdimenl. To increase sample size and 
lest for tbe presence of decimeter-scale spatial varia
tion in processes, we placed a second leafpack at four 
stations, displaecd '-40 cm toward the upland (per
pendicular to flow) from the first leafpack. Surface 
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Yampa River 

Active channel (sand) 

Figure I. Rectified September 1994 aerial photograph showing the locations of the 56 kafpack stations (rows of dots just 
above center of image) established in 2000 on the margin of the Yampa River active channd at Decrlodge Park, Dinosaur 
National Monument. Colorado, USA. North is to tbe top or the image.. The river, at low discharge, is visible in the upper 
right; flow is frOIH light to left. The ribbons of young Frcmont cottonwoods immcdiatcly somh and downstrcam of the Ieafpack 
stations ,lJi: inundaled in most years. whereas t.he large, widely ._paced cottonwoods (center right portion of image) ;u'e seldom 
inundated. A triangular sectjou of upland eOlHaining a paver! road and ,crpeminc firebreak fiJJ, the lower left comer of the 
j mage. The variation in channel surface texture apparent in the image al the locations of the leafpack lincs had disappeared 
by the time the study begun. 

Ieafpacks were stakcd down Witll galvanized wire pins; aftcr, "leafpack-IER") was buried under each Ic
buried leafpacks \vere not staked. afpack in a manner that ensured full contact between 

We used ion-exchange resin bags (TER) to assess the TER and sUlTounding alluvium and resulted in -~O,5 

the relative amount of plant-available nitrogen (NHJ ' em of alluvium separating the upper surface of the IER 
Nand N03--N) entering alluvium under leafpaek litter from the Jeafpack bottom. 
and at control locations. Each IER was conslnJeted by Two types of controllERs were instaJJcd. To assess 
placing 14 mL of anion exchange resin (with 4.2 effects f('om ftoodwater alone, TERs without an over
mmol, bag-I; Sybron IONAC ASB-IPOR Sybron In lying Icafpaek (' 'leuJlcss-IER") were placed on the 
ternational, Milwaukee, WI) into the toe of a nylon surface (n = 2) or buried (n = 4) -40 em upstream 
stocking, sealing the end with a hot glue gun, then from a corresponding Ieufpaek-IER aL lhree statjons, 
repeating the procedure with 14 mL of cation ex To assess effects of time alone, five fERs were double
change resin (4.9 mmol, bag-I, Sybmn lONAC c-251 bugged in airtight plastic bugs and buried at the site to 
H') and trimming the excess stocking. The resulting experience similar thermal dynamjcs but no exposure 
2-POllCh bag wa..<; about 5 X 1() em. One lER (here- to floodwater C'dry-LER"). 
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Figure 2. Relationship of the duration of submergence jn floodwater er;..) [(l the proportion of organic matter JOq by leafpacks 
placed (a) 011 the surface or (b) buried ullder 5 cm of sediment in Lhe chanlle1 of the Yampa River. Note that the graphs have 
tbe same axis scaling. Leafpacks from the 2n

" collet:tion were in place three weeks longer than tbose from the 1" wllection. 
Both regressions are significant (P < 0.05) for the ~urface leafpacks, whereas neither was significant for the buried leafpacks. 

The surface elevation of the river duting the study 
period (river stage, ER) was estimated from a stage
discharge relationship constructed from 37 stage mea
suremems made at the smdy site during 1993-95. We 
verified the relationship's validity for thc study period 
by determining water surface elevation fi ve times dur
ing the experiment. We estimated discharge al the 
study site by summing jTlstantaneou~ d.ischarge values 
measured at 30-minute intervals at USGS gauges on 
the Yampa (Gauge 9251000; -20 km upstream from 
the study site) and on the only pertinent tributary. the 
Little Snake Ri.ver (Gauge 9260000; confluence -··10 
km upstream from the study site). 

The surface elevation at each station W,\S determined 
by survey using an electronic total station (Sokkia® Set 
3100). We estimated the total length or time each leaf
pack was lnundatcd (Tc) by comparing the elevation 
of the Icafpack (F"'l.l>' = station elevation or 5 cm lower, 
depending on placement position) with the river stage. 
We tallied the number of tIle instantaneous stage val
ues for which ER> E,.P to estimate T u at 0.5 hr inter
vals during U1C period of exposure. We also created a 
categorical variable (LI) to differentiate among lengths 
of inundation periods. Stations were classified into LI 
= Shon (T" < 200 b), Medium (200 $ T" $ 400), or 
Long (Tu > 400 11) inundation periods. 

The swtion5 were divided into two gronps of ap
proximately equal size based on surface elevation and 
le<lfpack position (surface or buried). Leafpacks and 
IERs associated with one group wcre retrieved im

mediately following the flood (Time 1: 7 June), and 
the others were retrieved 3-wk later (Ti me 2: 29-30 
June) (Figure 2). At the time of collection, the mini
lllum and maximulll depths of sediment overlying each 
lcafpack werc measured and sediment texture (sand or 
silt) noted. We also classified the relative amount of 
!lood-deposited surface litter present at each station as 
"Jight," "moderate," or "heavy." The dry-IER con
Lrols were collected at Time 2. 

Collected leafpach were tmmediately put into air
tight plastic bags, placed on icc, and retwlled to the 
laboratory. where they were kept frozen unlil pro
cessed. Processing consisted of carefully rinsing the 
leaves with lnpwater OVer a 600-micron-mesh screen 
and then placing the leaves in a wuter bath, where they 
were ind.ividually examined under lO-power magnifi
cation. All invertebrates associated with a Icafpack 
were collected. Leaves were gently rubbed [0 remove 
sediment not dislodged during rinsing. The clean leaf 
material was dried al 60 °C, wei.ghed. and analyzed for 
organic matter (OM) and nitrogen content. Organic 
mattcr content was assumed equal to ash-free ovcn
dry mass (AFDM), with ash content detennined as loss 
on ignition at 450"C. Litler N was calculated as the 
sum of TOlal Kjeldahl Nitrogen (TKN) and NO,--N. 
Concentrations were determined by Perstorp autoana
lyzer following HlSQ, digestion (with a catalyst) for 
TKN or nfter extraction with 2M KCl :ioJution for 
NOJ '·-N. Initial N and OM content of the cottonwood 
leaf litter placed on the floodplain were determined 
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using leaves from three leafpacks prepared as ahove 
bur not placed in the field. 

Collected fERs were placed in plastic bags and 
maintained in a cool environment until extracted with 
J00 mL of 2M KCL The extraclant was analyzed col
orimctrically for NH.~-N and NO,--N on an Alpkem 
continuous now autoanalyzcL 

Rainfall and air temperature (~2 m height) data for 
the study period were collected at a station on the 
Deerlodge Park floodplain ~- 1.5 km upstream from the 
study site. Stream chemistry data collected by USGS 
(Crowfoot et a1. 200 l) at Deerlodge Park from March 
to August 2000 were used to portray N concentnltions 
fOllnd in the Yampa River during the time thaI leaf
packs were exposed to river water. 

We llsed Hests to compare nitrogen level.,; between 
control groups and between IERs at particular stations. 
\Ve used analysis of variance (ANOVA) to test wheth
er leafpack IER-N was affected by leat"pack position 
(P, surface or buried), or lime of collection (T. I" or 
2 nd collection). \Ve also used ANOVA to test whether 
these same factors innuenced leaf decomposition rate 
(proportion of initial lcafpaek OM lost) and whether 
nood-deposited surface litter affected TER-N. Linear 
regression analyses were used to relate levcl of leaf 
decomposition and IER-N to total time inundated (Tv). 
Analyses involving proportions were pelformed after 
arcsine-square rool transformation of the data. Means, 
calculated using untransformed data, are presemed as 
x ± SE (n). All statistical analyscs wcre perfom1ed 
using SYSTAT@ 10 software. 

RESULTS 

The spring 2000 flood pulse featured lIIultiple peaks 
at Deerlodge Park, with the final and highest peak 
reached on 31 May. The maximum instanuUleous dis
charge, 409 m' S-I, was J 7% greater than the long
tem1 average. All stations had dry surface .'>oil al the 
time of the first collection. Based on pre-flood surfacc 
elevations and our stage-discharge relationship, the [0

tal time a Jeafpaek was inundated (T,J ranged from 
133 to 577 h. Inundation W<.lS not necessarily contin
uous; the elapsed lime between first submergence and 
laS1 emergence of the lowest leafpack was - 860 h. 
Leafpacks were exposed to 4.8 cm of precipitation 
during April and 1.8 em in M<.IY. June was very dry 
(lotal rainfall < 0.5 em) and war III (mean daily max
imum air temperature = 28.7°C). Concentrations of 
NH, < in river water were all reported as < 0.02 mgl 
L, whereas NO) - concentrations [equivalent to NO·l 
plus NO,- in Crowfoot et al. (200 I) because NO;" was 
always below detection limits] ranged from <0.05 to 
0.32 mg/L (x = 0.15 mg/L, II = 4). The average net 
change in station elevation due to the fiood was small 

[mean 1.9 := 0,47 cm (n = 56); range ~:'5 to +14 cm]. 
Two leafpacks and associated fERs disappeared, pre
sumahly hecause of flood-induced transport down
stream. Three additional leafpack-1ERs disappeared, 
but the associated leafpaek remained in place or, in 
onc· case. was recovered ~20 m downstream from its 
origi nal location. One leal1ess-IER control disap
peared. All other leafpacks and their associated TERs 
were considered to have remained in place during the 
flood. Flood-horne dehris accumulated on 57% of the 
stations. 

Cottonwood Leaf Decomposition 

The Fremont cot.tonwood leaves placed on the 
floodplain had initial total N and OM contents of 0.52 
± 0.020/,. (AFDM hasis) and 87.1 2: 0.17%, respec
tively. No invertebrates were found in lcafpacks col
lected from the floodplain. Leafpack litter lost from 43 
to 68% of its OM during the experiment. The mean 
proportions lost were 0.55 -= 0.015 (n = 14) and 0.53 
± 0.012 (n = 15) for the surface and buried leafpacks 
in the first collection, and 0.60 := 0.0]6 (/1 == 14) and 
0.58 ::!: 0.0 J 7 (n = 13) for the surface and buried leaf
packs in the second collection, respectjvely. Results of 
ANOVA perfonned on the transformed proportions 
and time of collection. suhstrate texmre. leafpack po
sition, and length of inundation indicated a signilkant 
model effect tTahle J). Post-hoc Bonferroni tests in
dicated OM loss was significantly (P < 0.05) affectcd 
by Lime of collection, as well as by a 3-way interaction 
(time or collection X substrate X length of inundation) 
(Table 1). Linear regression analyses indicated that the 
total time inundated (Tc) had equivalent positive ef
fects on OM loss in snrfaee leafpacks from the 1" and 
2nd collections (i.e., slopes were parallel; Figure 2a) 
and thal greatest losses occun-ed in the 2"d collection 
lcafpacks. In contrast, OM loss was unaffected by T u 
in buried leafpacks (Figure 2b). The nature of the in
tcraction between total time inundated and position 
,;uggested in the ANOVA (Table l) was clarili.ed in a 
second ANOVA testing for a position effect, but in 
which Tv was incorporated as a covariate. Results in
dicated that OM loss was significantly lower in buried 
leafpacks when only leafpacks inundated longest (Ll 
== "Long") were considered (F,.,.2I) = 16.18, P = 
0.00 I) and marginally significant. when all leafpacks 
were considered (F,.I ,s3 = 3.78, P = 0.057). The co
variate was significant (P < 0.(5) in both tcsts. There 
were significant differences in decomposition between 
1" and 2nd collection leafpacks al stations either both 
topographically low (high Tv) and sandy (Separate 
Variance 1= -4.81, df = 5.6, P = 0.0(4) or at an 
intermediate elevation and silty (Separate Variance I 

= -5.59, df = 7.4, P = 0.001). Leaf N concentration 
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Table l. Re~u1ts oi ANOYA (first two rows) and Bonferroni post-hoc tcsts for efkcts of categorical dependent variables InItial Po~ition 

(buried or surfaee). Time of Collection (1" or 2'd), Substrale Texture (sand or silt), and Length of Inundation (short. medium, or long) 
on the proportion of OM lost by leafpack eOllonwood leaves (transformed daia, N = 56). Only interaction terms having P < O.lO arc 
listed. ANOYA multiple R = 0.81; mUltiple R~ = O.6S. 

Source or Name of Effect Sum-Of-Squares df Mean-Square F-Ratio P 

Model 0.136 22 0.006 2.84 0.003 
EnDr 0.072 33 0.002 
Initial position (P) 0.001 1 0.001 0.471 0.497 
'rime of collection en O.O](} I O.O]() 4.747 0.037 
5ubstratc (5) 0.007 I 0.007 3'(l43 0.090 
Length of lnundatjon (U) 0.005 2 0.003 1.193 0.316 
P x Ll 0.OJ2 2 0.006 2.652 0.085 
TxSXL! 0.029 2 0.014 6.666 0.004 

increased as OM COlltent decreased, regardless of leaf
pack position (Figure 3). 

Control and Leafpack IER-Nitrogen Comparisons 

The mean IER-NO,- and IER-NH, + concentrations 
in the dry-IER controls (never exposed to floodwaters) 
were 0.69 and 0.45 mg L-I, respectively (Table 2). 
Total N concenLraLion did noL differ between leafless
TER controls placed in surface and buried positions (t 

= -0.28, df = 3. P = 0.80), and the mean concentra
tion for the pooled group, 9.54 mg L-I, was signifi
cantly higher than the mean for dry-IER controls (Sep
arate Variance t = -8.21, dj = 4.2, P = 0.(01). Be
cause concentrations of IER-N03 - were one to lhrcc 
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FIgure 3. Relationship betweetl nitrogen contenL of the re
maining organic maner and the proportion of organic matler 
lost by Fremont COllonwoad leaf litter inundated on the 
Yampa River floodplain during the spring 2000 flood pul.se. 
The linear regres:<ion is for the two collections pooled. 

orders of magnitude higher than IER-NH.· concemra
tions in all groups other than the dry controls (Table 
2), we hereafter focus on IER-NO,' in within-station 
comparisons. 

Only one of the two "buried leafpack" stations 
where both leafless- and leapack-IERs were duplicated 
showed a signifJcanL effect from the presence of liller, 
bUl the result-a lower IER-NO;- level where litter was 
present (t = -23.1; df = 2; P = 0.002)-was contrary 
to our prediction. The single "surface" station con
taining two leafpack-IERs also had a lower mean IER
N01- value for leafpack-IERs [0.055 ± 0.021 (n = 2) 
mg L-I J than for the single leafless-IER present (9.87 

mg L-'). Because the values of TlJ for the three stations 
were similar (buried leafpack staLions: 217 and 231 h; 
surface leafpack station: 161 11), we al~o compared leaf
less controls and leafpack-IERs using pooled data. The 
reduction in IER-NO)- level under' litter remained sig
nificant: the mean IER-NOJ - level for the six IERs 
under lilter was less than tbe mean for the five leafless
IER controls (t = 4.631; df= 9; P = O'()OI). 

Faclors Affecting IER-N Levels Under Leafpacks 

Total nitrogen in leafpack-IERs (IER-NO;- plus 
IER-NH•. ) decreased as Lhe IOtal Lime a leafpack \vas 
inundated increased (linear regression on pooled trcat
men( groups; II = 5 I, P = 0.05). This relaLionship led 
11S to include TI) as a covariate in the ANOVA (0 [est 
for effects of leafpack position and lime of collection 
(hoth independent of T u) on total IER-N. Only position 
had a signjticant effect Cfable 3). This result rdlcct~ 

the trend in botb 1" and 2"') collections for highest IER
NO]- levcls to be associated with buried leafpacks 
(Table 2). There was no correlation between a staLion's 
leafpack IER-NOJ - and IER-NH. + levels at eithcr col
lection period (Pearson correlation coefficient proba
bilities, I": P = 0.97; 2""; P = 0.68), nor was there a 
discemable relationship between flood-borne debris 
accumulation and IER-N values. 
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Table 2. Mean levels of NO" . NH, . and total inorganic N (mg L '. with ,tandard ell'or in parenthe,es) in extracts from ion exchange 
resin bags (lERs) placed in shallow alluvium and exposed or unexpo~ed to 1100dwmers during the 2()(X) "pring !lood pulse on the Yampa 
River. Leafless controllERs were simply placed in alluvium, whereas leafpack fERs had an overlying !cafpack containing cottonwood 
leaf liLier. unfpach were placed either on the floodplain surface or buried under 5 em of alluvium. See texl for details. 

Le<lfpack or Collcetioll Total 
Treatment LER PosiLioll Period n NO, NH,' Inorganic N 

Dry control (unexposed to floodwater) Duried 2 5 0.69 (0.11) 0.45 (008) 1.14.(0.17) 
LeaJ1ess camrol (no overlying learpack) Bnricd I 4 9.47 (1.35) 0.07 (0.04) 9.54 (1.31) 
LcaJ1ess control (no overlying leafpack) Surface 1 1 9.87 0.03 9.90 
Lenfpack present Buried I 14 5.54 (2.16) 0.002 (0.002) 5.55 (2.16) 
Leafpack present Surface ] II 1.79(1.12) 0.16 (0.15) 1.95(1.]6) 
Leafpack present Buried :2 13 3.76 (1.44) 0.05 (0.02) 391 (1.44) 
Lea fpilck present Surface :2 13 2.53 (1.02, 0.08 (0.02) 2.60 (1.01) 

Leafpack Nitrogen Budget 

The mean mass of N in the leaves \>Y'ithin a leafpack 
aL installatjoll (0.032 = 0.000 I g) was not sign.ificanLly 
different from the mean mass in those leaves at the 
end of the experimeuL (0.031 ~ 0.0006 g; paired! = 
-1.045, df = 47, P = 0.301). Thus, despite an average 
loss of 56% of organi(; maLLeI' [rom a lcafpack, there 
was no net loss of nitrogen. The proportion of initial 
lear N remaining increased with OM loss (Figure 4; 
linear regression, P = 0.01), with 23 of 48 1eafpacks 
showing absolute gains in N during the study. 

DISCUSSION 

Resin bags (TERs) sequester ]\.'11.' and NO)- frolD 
the solutions to which the bags are exposed, in this 
case fioodwmas or precipiration. The inorganic N con
centration measured in the Yampa River during the 
2000 flood is within the range reported for rivers mod
erately impacted by human activity (Allan 1995:290). 

We assume that observed increases in resin bag N COI1

celltrat10ns were due primarily to exposure to flood
waters and Lbat only minimal N wa,~ obtained from the 
few. small rainstorms that occuJ"ed in April, prior to 

floodwaters rising to the level of IERs. Suppon for this 

Table 3. Results of ANOVA testing for effects of leafpack initial 
position (lying on the ~urface or buried in alluvium) and lime of 
colleccion t]'L or 2'''' collection date) on leafpack fER-N. The laller 
is calculated as the sum of [eafpack lER·NO, - and IER-NB.
concentrations. 

Sum-of- Mean- F-

Source Squares clf Square R<ttio I' 

Initial position lP) 172.8 I 172.8 6.32 0.0]5 
Time of collection (1') 7.1 I 7.1 0.26 0.61 
PxT 11.9 1 11.9 0.44 0.5] 

Covariate crt!) 220.6 I 220.6 8.l 0.007 
Error 1257.0 46 27.3 

assumption comes from the fact that NH, + and NO,
c:onccnlraLiolls ill rainwater had median values of 0.29 
mg/L and 1.24 mg/L, respectively, at the nearest mon
itored locality, Douglas Pass, a 2710-m clcvmion site 
150 km south of Deerlodge Park (Ranalli 1997), Al
though these values are higher than concentrations in 
Yampa floodwaters, tbe -5 em of April pre.cipitation 
would have exposed a 5 x J() em resin bag to = 0.25 
L of percolating rainwater. The sheltering ~ff~ct of an 
overlying leafpack and alluviulll would have furrher 
reduced that amount. In contrast, inundation exposed 
each resin bag to a vastly larger volume of moving. 
relatively N-nch floodwater. 
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Figure 4. Relationship between the change in nifrogen con
lent and che proportion of iniLial organic malleI' lost by Fre
mom cotwnwood leaf litter inundated on the Yampa River 
floodplain during the spring 2000 flood pube. Note that litter 
In both buried and surface leafpaeks in some cases gained 
nitrogen. The linear regression is for the two group~ pooled. 
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One week after the ftood peak and '-2 months after 
installation. the concentration of plant-available N was 
higher in leafless- than in dry-IER controls. indicating 
that the IERs exposed to floodwater but lacking an 
overlying leafpack had acquired nitrogen while inun
datcd. Contrary to onr prediction, however. the nitro
gen levcl in leafless-IER controls \VUS also greater than 
that in leafpack-lERs inundatcd for the samc length of 
time (Table 2). This result suggests that the presence 
of a leafpack reduced the amount of nitrogen reaching 
the underlying IER, either by removing nitrogen from 
the \vater, restricting flow over the resin bag, or both. 
Two lines of evidence point to immobilization of 
floodwmer-N by decomposing litter as the mechanism 
involved. First, dccomposition was lower in buried 
Jeafpacks lhan in surface leafpacks, whereas concen
trations of TER-N were highest in buried leafpack
IERs. Buried leafpacks underwent less decomposition, 
sequestered less floodwater N, and thus made more 
ftoodwater N available to adsorb onto [he resins. Sec
ond, leafpack leaves lost on average 56% of the or
ganic malter originally present bUl showed no net loss 
of nitrogen. In fact, most 1eafpacks losing above-av
erage amotmts of OM actually gained N (Figure 4). 

Our contention that lcafpack litter removcd nitrogen 
from floodwaters is supported by experiment.s dem
onstrating that leaf litter in a slream can reduce the 
nitrogen available for other heterotropbic microbial 
stream processes (Tank and Webster (998). Similarly. 
Kocchy and Wilson (1997) found lER-N levels lower 
for IERs with Dverlying litter than for those without it 
in a tcrrestrial sctting. They concluded that the litter 
had immobilized mineral N depo~ited from the atmo
spherc. An increase in litter nilrogen concentration 
(Figure 3) is common dudng the early stages of leaf 
dccomposition (Gurtz and Tate 1988, MUlholland 
1992, Gessner and Chauvet J994, Glazebrook and 
Robertson J999, Simons and Seastedt 1999). We 
found no evidence of invertebrate activity in the leaf
packs, corroborating Anderscn and Nclson's (2003) 
conclusion Lhat processing of cottonwood leaf litter on 
thc Dcerlodge Park floodplain is primarily by mi
crobes. Based on analysis or Fremont c..:ottonwood 
leaves exposed duri ng several flood seasons at multi
ple Ailes. these authors suggested that litter N concen
[ration started W decrease only when >60% of litter 
OM had bcen lost.. 

We found 110 effect from time of collection on leaf
pack lER-N concentrations. Tbis rcsull would bc ex
pectcd if the alluvium lacked sufficient interstitial wa
ter for transfer of mincralized N from litter 10 leafpack
lERs or if mineralization was not yet oecun-ing in leaf
packs (our alternative hypothesis). Warm. dry weather 
prevailed bctween the first and second collections. and 
leafpack OM loss continued only in particular envi

ronments: low, sandy siles and silty sites at intenne
diate elevation. River stage, which controls ground
water level on the Deer10dge floodplain (Cooper et al. 
1999), fell rapidly after the flood peak, but the high 
soil moisture levels favoring decomposition would 
have been maintained longest at stations in low topo
graphic positions and with fine tex.tured soils. During 
the flood period, and perhaps through the pcriod be
tween collections, nitrogen lost from leafpacks in as
sociation with OM loss may have bcen ill organic 
forms (e.g., microbes, their enzymes, or leaf com
pounds) unavailable to either pLants or TERs. 

Burial has been shown to reduce decomposition 
rates in somc studies (Herbst 1980, Rounick and Win
terboum 1983, Metzler and Smock 1990) but not oth
ers (Smith and Lake 1993, Boulton and Foster 1998). 
Olit: study sllggests that the effects of burial depend on 
the length of inundation: burial significantly decreased 
OM loss at high T II (17-25 days). but the relationship 
weakened when low Tu leafpuc..:ks were al::oo consid
ered. This apparent dependency is complicated by re
sults from a separatc study conducted on the Deerlod
ge floodplain in which 1eafpacks inundated for "-35 
days and naturally buried by flood-borne scdiment lost 
morc OM than did leafpacks inundated for the same 
period but not buried (Andersen and Nelson 20(3). 
Herbst (1980) suggested that burial could reduce de
composition through compaction of leaves (smaller ef
fcctivc sl1lface area for dctritivores), decreased abra
sion, reduccd mechanical breakage (lack of turbu
lencc), anaerobic conditions, or differential coloniza
tion by microbes and invertebrates. Boulton und Fostcr 
(1998) suggested that effects from burial depend in 
part upon whether leaves are in up- or downwelling 
hyporheie zolles. Buried leaves are also less suscepti
ble to rccllrring wet-dl], cycles that can disrupl micro
bial populations and enhance the release of immobi
lized clements (Witkamp J969, Sorenson 1974, Shore 
et al. 1986, but sec Lockaby el al. J996). We found 
little cvidence of abrasion or mechanical damage to 
any leaves in this study bUl did not assess other factors. 

The decrease in 1cafpack IER-N as the total period 
of inundation increased was unexpected. Giblin et a1. 
(1994) found that IERs preloaded with nutrients lost 
nitratc during incubation in acidic soils and suggested 
the loss could be due to either microbial growth or 
substitution of HCO)- for NOJ- on the resin bcads. 
Anothcr explanation is saturation of tbe ion exchange 
capacity of thc 1ERs over lime; the retention of nitratc 
on the resins should be very high when nilrate occu
pi.cs a small proportion of the exchange capacity. but 
as the resins become samrated with NO,- ions from 
the floodwater solution (rather than the original OH
saturation), retention of nitrate wouTd drop below 
] 00%. Yampa River floodwaters are alkaline and fea
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ture moderate bicarbonate concentrations fe.g., 66 mg 
C·I duri ng both the 1998 and 1999 spring floods. cal
culated from Deerlodge Park water quality data in 
Crowfoot et a!. (2001)J, so some subsr1mtion may have 
occulTed. However, the level of NO, in the leafless
IER controls (Table 2) suggests that resins were sat
(wated with only -, 1.5% as NO,-, so NO, - retention 
should have been high. Loss of IER-N because of mi
crobial growth during inundation seems likely. What
ever the proeess, the apparelll lack of complete reten
tion of nitrate on the resins shows thaL the long-term 
flux of nitrate may not be estimated accurately using 
IERs, evcn though the IERs can providc strong rdative 
comparisons of treatment effects (Gibl in et a!. 1994). 
Because our tcsts either controlled for the relationship 
between TER-N and Tll or were independent of it, our 
conclusions are unalTected. 

In contrast to the immObilization of N frOI11 river 
water noted in our study. Schade and Fisher (1997) 
reported that Fremont cottonwood leave.~ comilluously 
lost nitrogen during 40 days of submergence in a 50n
oran desert Stream. They found no evidence of a net 
uptakc of stream N by leavcs and associated microbes. 
This difference could be related to differences in de
composer organ Isms, litter qua Iicy , or stream water 
quality. TIle rate of OM loss they repoJ1. [exponemial 
decay coefficient (1<d) = 0.0176 d-II. although gremer 
than that rep011.ed for }'remont coll.onwood leaves con
tinuously submerged in the Colorado River below 
Glen Canyon Dam (0.0062 d-'; Pomeroy ct al. 2000), 
produces a 20-day OM loss estimate of 70%. similar 
to the valuc of 61 % derived from Figure 2a for surfacc 
leaves submerged for 20 days. 

The immobilization of floodwater nitrogen by Jlood
plain leaf litter could be an imponam mechanism for 
N retention and could explain the accumulation of N 
in floodplain soils. Our study showed that an above
avcrage flood discharge inundating relatively low 
floodplain sites (for as long as 24 days) did not result 
in a net loss of N from the previous autumn's litter. 
Any organic N removed from the litter as OM de
creased was either transported out of thc local arca by 
floodwaters or added to the local N pooL Coupled with 
immobilized floodwater-N, any litter-derived N added 
to the local pool would mean a net nitrogen guin for 
the site. Some retention of litter-derived N at Deer
lodge Park seems likely because most floodplain lo
cations feature flow velocities too low to move leaf 
liner (Andersen and Nelson 2003). Given that only lhe 
relati vely rare flood that features a high stage for long
duration (i.e.. many weeks) can lead to high levels of 
decomposition. most floods will leave behind nor only 
the litter-deIived N, but also partially decomposed 
("conditioned") leaf marerial that will be readily sus
ceptible to degradation and release of nutrients in sub

sequent periods, including winter (Taylor and Jones 
1990). Dryland riparian plants may be able to immo
bilize nutrients rapidly following short-term soil wet
ting by precipitation, a trait documented for species in 
the adjacent upland (Bilbrough and Caldwell J997, 
Cui and Caldwell 1997). Whether the N is immobi
lized by floodplain plan!.', or soil organisms, the net 
result is a reduction in the amount of nitrogen suscep
tible to export. The minimal eXpOl1. of N. coupled with 
immobil ization of floodwater-N, could explai n the ac
cumlllation of N over lime in floodplain soils. 
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