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Abstract:  We tested the hypothesis that decomposition in flood-inundated patches of riparian tree leaf litter
results in higher plant-available nitrogen in underlying, nutrient-poor alluvium. We used leafpacks (2 = 56)
containing cottonwood (Populus deltoides ssp. wislizenii) Teal litler 1o mimic natural accumulations of leaves
in an experiment conducted on the Yampa River floodplain in semi-arid northwestern Colorado, USA. One-
hall of the leafpacks were set on the sandy alluvial surface, and one-hall were buried 5 cm below the surface.
The preseace of NO;” and NH,* presumed (o resuli from a lealpack’s submergence during the predictable
spring flood pulse was asscssed using an ion-cxchange resin bag (IER) placed beneath each leafpack and at
control locations. Leafpacks and TERs weve collected one week after flood peak (71 days total exposure) at
half the stations; the remainder were c¢ollected three weeks later (93 days exposure). A multi-peaked spring
flood with above-average maximum discharge inundated leafpacks for total time periods ranging from 133
10 577 hours. Litter lost from 43 to 68 percent of ils initial organic matler (OM) content, Organic matler
loss increased with tota} time inundated and total time of exposure on the floodplain. Burial retarded OM
loss if the total ume inundated was relatively long, and substrate texture (sand vs. silt) affected OM Joss in
a complex manner through interactions wirh total time inundated and totai time of exposure. No pulsc of N
attributable (o Jeaf breakdown was detected in the IERs, and leafpack litter showed no net change in the
mass ol nitrogen present. Patterns of leatpack and TER nitrogen levels suggested that litter reimoved N from
floodwater and thereby reduced N availability in underlying sediment. Immobilization ol floodwater-N by
litter and N mingeralization outside the flood period inay be important components of N flux in semi-arid

and urid floodplain environments.
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Patterns of nitrogen flux in the floodplains of rivers
in semi-arid and arid regions are poorly understood
(Fisher 1995, Schade et al. 2002). For example, the
fresh deposits of sand and silt that contribute to flood-
plain forimation along these rivers are commonly low
in nitrogen (Puhakka et al. 1992, Godoy et al. 1999,
and riparian plants colonizing them have been shown
to be nitrogen-limited (Adair and Binkley 2002). Al-
though nirogen accumulation has been documented in
dryland floodplain soils (Adair 2001), the sources and
processes involved remain speculative. Nitrogen mast
be imported into floodplains lacking nitrogen-fixing
plants, but the proportion of plant nitrogen that is re-
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cycled will also influence N accumulation. Flooding
could be a factor in both these processes, by trans-
porting N in floodwater onto the Hoodplain and by
promoting decomposition and N mineralization (Lock-
aby el al. 1996. Xiong and Nilsson 1997, Andersen
and Nelson 2003). Nitrogen mineralization associdted
with flood events could be especially important in dry-
land enviromments, where plant litter decomposition is
controlled largely by moisture and temperature re-
gimes (Couteaux et al. 1995). Whereas aptake of
floodwater-N would benefit plants already established
in nitrogen-poor substrates, germinants appearing after
4 flood event would have to rely on other sources of
nitrogen. Litter-derived nitrogen would be available
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even to species requiring bare substrate (e.g., Scott et
al. 1996) through lateral transport of N during post~
food precipitation events or shallow ground-water
movement, or through root extension into litter-cov-
ered zoues.

Flood attributes (e.g., flood timing, magnitude, and
duration) and condilions outside the flood season will
interact to influence floodplain N mineralization 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 absolute
amount, of N in leaf litter has been documcnted to
increase during early phases of decomposition in both
terrestrial and aquatic environments (Swill et al. 1979:
126, Webster and Benfield 1986). This change in litter
quality, sometimes referred to as “‘conditioning,”” is
associated with immobilization of N by microbial de-
composers colonizing the litter (Baldy et al. 1995,
Hobhie and Vitousek 2000). The decompasitional state
of floodplain litter when first inundated will thus in-
teract with flood duration in determining the extent of
N mincralization. Also, floods can bury Icaf litter un-
der sediment and thereby modify decomposition pro-
cesses (Herbst 1980, Metzler and Smock 1990, Boul-
ton and Foster [998),

As part of a study to elucidate nitrogen dynamics
on semi-urid river floodplains, we hypothesized that
the spring inundation of the previous autumn’s leaf
litter can creatc a pulse of plant-available nitrogen
[ammoniutn (NH,*) and nitrate (NO;7)] in underlying
scdimen(. We predicted that the amount of NH,~ and
NO,~ (as measurcd by ion exchange resin hags) en-
tering sediment under leaf litter will be posilively re-
lated to hoth the length of inundation and the level of
leaf breakdown as measured by organic matter (OM)
foss. We assumed that the moisture retained in sedi-
ments tollowing flood recession prownotes additional
mineralization and predicted that the toral amount of
plant-available nitrogen generated would be less im-
mediately after [lood recession than thrce weeks later,
by which time growth of new seedlings is normally
underway. Because sediment texture affects post-flood
moisture retention., we also predicted that the addition-
al mineralizaton and OM loss would be greater where
sediment was fine (silt or clay) relative to where it was
coarse (sand). Wc tested each of these predictions con-
cerning N avajlability using both buried leaf litter and
litter lying on the ground smface. An allemalive by-
pothesis, that the previous antumn’s leaf litter cannot
furnish 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-available N and little or no loss
of N from leaf littcr.

STUDY AREA AND METHODS

We worked on the foodplain of the Yampa River
at Deerlodge Park within Dinosaur National Monu-
ment in northwestern Colorado, USA. This river is
free-flowing and, ar Deerlodge Park. is a sixth-order
streamn with a mean annual discharge of 55 m' s™! and
a large snowmelt-driven spring flood pulse (mean peak
flow = 350 m* s7'; Cooper et al. 1999). The regional
climate is semi-arid; long-tertn mean annual precipi-
tation at Maybell, 20 ki cast of Deerlodge Park, is 28
cm. The floodplain supports an open gallery forest of
Fremont cottonwood (Popuius deltoides Marshall
subsp. wislizenii {(Watson) Eckenwalder; nomenclature
follows Weber and Whittman 1996), with a well-de-
veloped herbaceous layer under the mature trees. The
channel margin is irregularly bordered by dense stands
of cotlonwood saplings that contain few understory
plants.

The study was conducted on the margin of the ac-
tive channel at a site (Figure 1} where the bed has been
stable or aggrading since 1997 (mean elevation in-
crease <2 cm/yr, D. C. Andersen, unpublished data).
The site is inundated during most spring Hoods but
otberwise dry. Swrface sediments are typically sand or,
less commonly, silt, and mierotopographic variation
produees natural accumulations of cottonwood leaf lit-
ter following autwnn leaf drop. Vegetation on the site
was sparse. Adair (2001) reported a total nitrogen level
of 0.3 mg g7 or 0.03% in thc upper 20 ¢ of freshly
deposited sandy sediment along the reach, a very low
value for temperate-region mineral surface soils (Post
et al. 1985).

Fresh Fremont cottonwood leaf litter was collected
from the ground beneath mature trees in Deerlodge
Park in autumn 1999, dried (50°C). and then stored at
room temperature in opaque plastic bags. Lcafpacks
were constructed in March 2000 by placing ~7 g of
oven-dried (60°C) leaves (15-25 leaves) into ~15 X
15 cm envelopes made of polypropylene netting (~ -
cm mesh). The preparcd leafpacks were stored in air-
light plastic bags unul installed on 28 March 2000,
prior to the spring 2000 flood. With a fcw exceptions
described below, one leafpack was placed at cach of
56 stalions set out at 4-m intervals along three lines
oriented roughly parallel to flow. Lines were separated
by at least 4 m. Each leafpack was installed ~20-cm
downstream from a galvanized wire stake marking the
station. Installation positions altermated along each line
between (1) on the ground surface and (2) huried un-
der 5 cin of fine sedinent. To increase sample size and
test for the presence of deciineter-scale spatial varia-
tion in processes, we placed a second leafpack at four
stations, displaced ~40 cm toward the upland (per-
pendicular to flow) from the first leafpack. Surface
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Figure 1. Rectified September 1994 aerial phorograph showing the Jocations of the 56 leafpack stations (rows of dots just
above center of image) established in 2000 on the margin of the Yampa River active channel at Deerlodge Park, Dinosaur
National Monument, Colorado, USA. North is to the top ol the image. The river, at low discharge, 13 visible in the upper
right; flow is from right to left. The ribbons of young Fremont cottonwoods immediately south and downstrcam of the leafpack
slations are inundaled in most years. whereas the large, widely spaced cotlonwoods (center right portion of image) are seldom
inundated. A triangular section of upland comaining a paved road and serpentine firebreak fills the lower teft corner of the
image. The variation in channel surfuce texture apparent in the image at the locations of the leafpack lines bad disappeared

by the Ume the study begun.

leafpacks were staked down with gatvanized wire pins;
buried leafpacks were not staked.

We used ion-exchange resin bags (IER) to assess
the relative amount of plant-available nitrogen (NH, " -
N and NO,™-N) entering alluvium under leafpack litter
and at control locations. Each IER was constructed by
placing 14 mL of anion exchange resin (with 4.2
minol; bag™!; Sybron IONAC ASB-IPOH. Sybron In-
ternational, Milwaukee, WI) into the toe of a nylon
slocking, sealing the end with a hot glue gun, then
repeating the procedure with 14 mL of cation ex-
change resin (4.9 mmol, bag~'. Sybron IONAC c-251
H') and trimming the excess stocking. The resulting
2-pouch bag was about 5 X 10 ¢m. One IER (here-

after, “leafpack-IER’’) was buried under each le-
afpack in a manner that ensured full contact between
the TER and surrounding alhivium and resulted in ~0.5
cm of alluvium separating the upper surface of the IER
from the leafpack bottom.

Two types of control IERs were installed. To assess
effects froin Aoodwater alone, TERs without an over-
lying leafpack (“leafless-IER”’) were placed on the
surface (r = 2) or buried (n = 4) ~40 cm upstreain
from a corresponding Ieafpack-1ER al Lhree stations.
To assess effects of time alone, five TERs were double-
bagged in airtight plastic bags and buried at the site to
experience similar thermal dynamics but no exposure
to floodwater (**dry-IER’’).
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Figure 2. Relarionship of the duration of submergence in floadwater (T,) to the proportion of organic matter lost by leafpacks
placed (a) on the surface or (b) buried under 5 cm of sediment in the chanuel of the Yampa River. Note thal the graphs have
the saoe axis scaling. L.eafpacks from the 2™ collection were in place three wecks longer than those from the 1+ collection.
Both regressions are significant (P < 0.05) for the surface leafpacks, whereas neither was significant for the buried leafpacks.

The surface elevalion of the river during the study
period (river stage, E,) was estimated from a stage-
discharge relationship constructed from 37 stage mea-
surements made at the study site during 1993-95. We
verified the relationship’s validity for the study period
by determining water surface elevation five times dur-
ing the experiment. We estimated discharge al the
study site by summing instantaneous discharge 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 Snuke River (Gauge 9260000; confluence ~ 10
km upstream from the study site).

The surface elevation at each station was determined
by survey using an clectronic total station (Sokkia® Sct
3100). We estimated the total length ol time each leal-
pack was inundated (T\.) by comparing the elevation
of the leafpack (F;,., = statiou elevation or 5 ¢cm lower,
depending on placement position) with the river stage.
We tallied the number of the instantancous stage val-
ues for which E; > E,, to estimate T, at 0.5 hr inter-
vals during the period of exposure. We also created a
categorical variable (LI) to differentiate among lengths
of imundation periods. Stations were classificd into LI
= Short (T,- < 260 h), Medium (200 = T,, = 400), or
Long (Ty > 400 h) inundation periods.

The stations were divided inte two gronps of ap-
proximately equal size based on surface elevation and
leafpack position (surface or buried). Leafpacks and
IERs associated with one group were retricved ir-

mediately following the flood {(Time 1: 7 June), and
the others were retrieved 3-wk later (Time 2: 29-30
June) (Figure 2). At the time of collection, the mini-
mum and maximuun depths of sediment overlying each
leafpack were measured and sediment texture (sand or
silt) noted. We also classified the relative amount of
flood-dcposited surface litter present at cach station as
“light,”” ““moderate.’” or ‘*heavy.”” The dry-IER con-
rols were collected at Time 2.

Collected leafpacks were tmunediately put into air-
tight plastic bags, placed on icc, and retumned to the
laboratory, where they wcre kept frozen until pro-
cessed. Processing consisted of carcfully rinsing the
leaves with tapwater over a 600-micron-mesh screen
and then placing the lcaves in a water bath, where they
were individually examined under 10-power magnifi-
cation. All invertcbrates associated with a leafpack
were collected. Leaves were gently rubbed 1o remove
sediment not dislodged during rinsing. The clean leaf
material was dried at 60 °C, weighed. and analyzed for
organic matter (OM) and nitrogen content. Organic
matter content was assumed equal to ash-lree oven-
dry mass (AFDM), with ash content deterinined as Joss
on ignition at 450°C. Litter N was calcufated as the
sum of Total Kjeldahl Nitrogen (TKN) and NO, -N.
Concentrations were determined by Perstorp auloana-
lyzer following H,SO, digestion (with a catalyst) for
TKN or after extraction with 2M KCl solution for
NQO,~-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
but not placed 1n the field.

Collected TERs were placed in plastic bags and
maintained in a cool environment until cxtracted with
100 ml. of 2M KCIL. The extractant was analyzed col-
orimetrically for NH,~~N and NO,™-N on an Alpkem
continuous {low autloanalyzer.

Raintall 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 collecled by USGS
(Crowfool et ul. 2001() at Deerlodge Park from March
to Augusl 2000 were used to portray N concentrations
found in the Yampa River during the Lime that leaf-
packs were exposed Lo river waler,

We used /-tests to compare nitrogen levels belween
control groups and between IERs at particular stations.
We used analysis of variance (ANOVA) to test wheth-
er leafpack IER-N was affected by leafpack position
(P, surface ov buried), or time of collection (T. 1* or
2™ collection). We also used ANOVA (o test whether
these same faclors influenced leaf decomposition rate
(proportion of initial leafpack OM lost) and whether
Aood-deposited surface litier affected TER-N. Linear
rcgression analyses were used to relate level of leaf
decomposition and IER-N to total time inundated (Ty,).
Analyses involving proportions were performed after
arcsine-square root transformation of the data. Means,
calculated using untransformed dala, are presented as
% *= SE (n). All statistical analyscs wcre performed
using SYSTAT® 10 software.

RESULTS

The spring 2000 flood pulse featured multiple peaks
at Deerlodge Park, with the final and highest peak
reached on 31 May. The maximum instantaneous dis-
charge, 409 m® §~', was 17% grealer than the long-
term average. All stations bad dry surface soil at the
tine of the first collection. Based on pre-flood surfacc
elevations and our stage-discharge relationship, the to-
tal time a leafpack was inundated (T, ranged from
133 1o 577 h. Inundation was not necessarily contin-
uous; the elapsed lime between first submergence and
last emergence of Lhe lowest leafpack was ~860 h.
Leafpacks were exposed to 4.8 cm of precipitation
during April and 1.8 cm in May. June was very dry
(lotal rainfall < 0.5 em) and warm (mean daily max-
imum air emperature = 28.7°C). Concentrations of
NH,' in river water were all reported as <t 0.02 mg/
L. whercas NO,~ concentrations [equivalent Lo NO,~
plus NO;™ in Crowfoot el al. (2001) because NO,™ was
always below detection limits] ranged from <0.05 lo
0.32 mg/l. (X = 0.15 mg/L., n = 4). The average net
change in station elevation due to the flood was small

[mean 1.9 = 0.47 cin (n = 56); range —5 to +14 cm].
Two leatpacks and associated [ERs disappeared, pre-
sumably hecause of food-induced transport down-
stream. Three additional leafpack-1ERs disappeared,
bul the associaled lealpack remained in place or, in
one case. was recovered ~20 m downstrearn from its
original location, One leafless-1IER control disap-
pcared. 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
slalions.

Couonwood Leal Decomposition

The Fremont cottonwood leaves placed on the
floodplain had initial total N and OM conlents of 0.52
+ 0.02% (AFDM basisy and 87.1 = 0.17%, rcspec-
tively. No invertebrates were found in leafpacks 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 (.53
* 0.012 (n = 15) lor the surface and buried lealpacks
in the first collection, and 0.60 * 0.016 (n = 14) and
0.58 = 0.017 (2 = 13) for the surface and buried leaf-
packs in the second collection, respectively. Results of
ANOVA performed on the transformed proportions
and time of collection, suhstrate texture, leafpack po-
sition, and length of inundation indicated a significant
model effect (Table 1). Post-hoc Bonferroni tests in-
dicated OM loss was significantly (P < 0.05) alfected
by time of collection, as well as by a 3-way inleraction
(tirne of collection X substrate X length of inundation)
(Table 1). Linear regression analyses indicated that the
total time inundated (Ty) had equivalent positive el-
fects on OM loss in surface teafpacks from the 1* and
27 collections (i.e., slopes were parallel; Figure 2a)
and that greatest losses occurred in the 2™ collection
leatpacks. In contrast, OM Joss was unaffected by T,
in buried leafpacks (Figure 2b). The nature of the in-
tcraction belween total time inundated and position
suggesled in the ANOVA (Table 1) was clarified in a
sccond ANOVA testing for a position etfect, but in
which T, was incorporated as a covariate. Resulls in-
dicaled that OM loss was significantly lower in buried
leafpacks when only leafpacks inundated longest (LI
= *“Long”’) were considered (F,,,, = 16.18, P =
0.001) and marginally significant when all leafpacks
were considered (F,, 5, = 3.78, P = (L.057). The co-
variate was significant (P < (.05) in both tests. There
were significant differences in decomposition between
1* and 2™ collection leafpacks at stations either both
topographically low (high T,) and sandy (Separute
Variance t = —4.8{, df = 5.6, P = 0.004) or at an
interraediate elevation and silty (Separale Variance ¢
= —5.59, df = 7.4, £ = 0.001). Leaf N concentration
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Table L. Results of ANOVA {first two rows) and Bonferroni pos(-hoc tests for effects of categorical dependent variables Initial Position
(buried or surface). Time of Collection (1# or 2°¢), Substrale Texture (sand or silt), and Length of Inundation (short. medium, or long)
on the proportion of OM lost by leafpack cotlonwood leaves (transformed data, N = 56). Only interaction terms having P < 0.10 are

listed. ANOVA multiple R = 0.81; multiple R* = .63,

Source or Name of Effect Sum-of-Squares df Meau-Square F-Ratio P
Model 0.136 22 0.006 2.84 0.003
Error 0.072 33 0.002

Initial position (P) 0.001 1 0.001 0471 0.497
Time of collection (T) 0.010 | 0.010 4.747 0.037
Substrate (S) 0.007 1 0.007 3.043 0.090
Length of Inundation (L[) 0.005 2 0.003 1.193 0316
P X LI 0.012 2 0.006 2.652 0.085
TXS xLI 0.029 2 0.014 6.666 0.004

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

Control and Leafpack IER-Nitrogen Comparisons

The mean [ER-NO,~ and IER-NH,* concentrations
in the dry-IER controls (never exposed o floodwaters)
were 0.69 and 0.45 mg L', respectively (Table 2).
Total N concentration did nol differ between leafless-
TER controls placed in surface and buried positions (1
= —0.28, df = 3. £ = 0.80), and the mean concentra-
tion for the pooled group, 9.54 mg L~', was signifi-
canily higher than the mean for dry-1ER controls (Sep-
arate Variance r = —8.21, df = 4.2, F = 0.001). Be-
canse concentrations of IER-NO,~ were onc to three
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Figure 3. Relationship beiween nitrogen content of the re-

maining organic matter and the proportion of organie matrer
lost by Fremont cottonwooed leaf litter inundated on the
Yampa River floodplain during the spring 2000 flood pulse.
The linear regression is for the two collecuons pooled.

orders of magnitude higher than IER-NH, " concentra-
tions in all groups other than the dry controls {Table
2), we hereafter focus on [ER-NO.” in within-station
comparisons.

Only one of the two “‘buried leafpack’ stations
where both leafless- and leapack-IERs were duplicated
showed a significant effect from the presence of litter,
but the result-a lower IER-NO;~ level where litter was
present (f = —23.1; dl = 2; £ = 0.002)-was conlrary
to our prediction, The single ‘‘surface’’ station con-
taining two leafpack-JERs also had a lower mean 1ER-
NO,~ value for leafpack-IERs [0.055 = 0.021 {n = 2)
mg L~'] than for the single leafless-1ER present (9.87
mg L7'). Because the values of T, for the three stations
were similar (buried lealpack stations: 217 and 231 h;
surface leafpack station: 161 h), we also compared leaf-
less controls and leafpack-1ERs using pooled data. The
reduction in 1ER-NO;~ level under litter remained sig-~
nificant: the mean IER-NO;~ level for the six 1ERs
under litter was Jess than the mean for the five leafless-
IER controls (f = 4.631; df = 9; P = 0.001).

Faclors Affecting IER-N Levcels Under Lealpacks

Total nitrogen in leafpack-1IERs (IER-NO;~ plus
IER-NH, ) decreased as the total time a leafpack was
inundated incrcased (linear regression on pooled treat-
ment groups; n = 51, £ = 0.05). This relationship led
us to include Ty, as a covariate in the ANOVA to test
for effects of leafpack position and time of collection
(hoth independent of T,;) on total IER-N. Only position
had a significant cffcet (Table 3). This result reflects
the trend in both 17 and 2" collections for highest 1ER-
NO,” Jevels to be associated wilh buried leafpacks
(Table 2). There was no correlation between a station’s
lealpack TER-NQO,~ and IER-NH,* levels at either col-
lection period (Pearson correlation coefficient proba-
bilities, 1*: P = (.97; 2*: P = 0.68), nor was there a
discernable 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 standard ewror in parentheses) in extracts from {on exchange
resin bags (IERs) placed in shallow alluvium and exposed or unexposed to floodwaters during the 2000 spring {lood pulse on the Yampa
River. Leafless conlrol IERs were simply placed in alluvium, whereas leafpack IERs had an overlying lcafpack containing cottonwood

leaf litler. Leafpacks were placed either on the floodplain surface or buried under 3 ¢m ol alluvium, See text for delails,

Leafpack or Colleetion Total
Treatment [ER Position  Period n NO,~ NH,- Inorpanic N
Dry contrel (unexposed to Hoodwater) Buried 2 S 0.69 (0.11) (.45 (0.08) 114 {0.17)
Lealless conwrol (no overlying lealpack) Buried L 4 947 (1.35) 0.07 (0.04) 4.54 (1.31)
Lcalless control (no overlying leafpack) Surface 1 1 9.87 0.03 9.90
Lealpack present Buried 1 4 5.54 (2.16) 0.002 (0.002) 535 (2.16)
[eafpack present Surface )| 11 .79 (1.12) 0.16 (0.1 1.95 (1.16)
Leafpack present Buried 2 13 376 (1.44) 0.05 (0.02) 391 (1.44)
Lealpuack present Surface 2 13 253(1.02) 0.08 (0.02) 2.60 (1.01)

Leatpack Nitrogen Budger

The mean mass of N in the leaves within a leafpack
al instaliation (0.032 = 0.0001 g) was not significantly
ditfferent from the mean mass in those leaves at the
end of the experimeul (0.031 = 0.0006 g: paired t =
—1.045, df = 47, P = 0.301). Thus, despite an average
loss of 56% of organic matter (rom a lcafpack, there
wus no net loss of nitrogen. The proportion of initial
leal N remaining increased with OM loss (Figure 4,
linear regression, P = 0.01), with 23 of 48 leafpacks
showing absolute gains in N during the study.

DISCUSSION

Resin bags (TERs) sequester NH,' and NO,™ from
the solutions to which the bags are exposed, in thts
case floodwarters or precipitation. The inorganic N con-
eentration measured in the Yampa River during the
2000 flood is within the range reported (or rivers mod-
cratcly impacted by human activity (Allan 1995:290).
We assume that obscrved increases in resin bag N con-
centrations were due primarily to exposure to flood-
waters and (bat only minimal N was obtained from the
few. small rainstorms that ocewrred in April, prior to
Aoodwaters rising to the level of IERs. Suppon for this

Table 3. Results of ANQVA testing for effects of leafpack inital
position (lying on the surface or buried in alluvium) and Lime of
collection (1* or 2 collection dale) on jeatpack IER-N. The latler
is calculated as the sum of leafpack TER-NO,~ and IER-NI,~
concentrations.

assumption comes from the fact that NH,* and NO,~
concentrations in rainwater had median values of 0.29
mg/L. and 1.24 mg/l., respectively, at the nearest mon-
itored locality, Douglas Pass, 4 2710-m clevation site
150 km south of Deerlodge Park (Ranalli 1997). Al-
though these values are higher than concentrations in
Yampa floodwaters, the ~5 cm of April precipitation
would have exposed a 5 x 10 em resin bag to = 0.25
L of percolating rainwater. The sheltering effect of an
overlying leafpack and alluviam would have furrher
reduced that amnount. In contrast, inundation exposed
each resin bag to a vastly larger volume of moving,
relatively N-rich floodwater.

13+ e Buried .

O Surface

12 ¢

147

10t

09t

08 r

Proportion of initial leaf N remaining

0.7 + 1

P BTt

i

!

Sum-of- Mean- F-
Source Squares df Square Ratio P
Initial position (P) 172.8 1 1728 632 0.015
Time of collection (1) 7.1 1 7.1 026 0.6l
PxT e 1 11.9 044 Q.51
Covariate (Ty,) 220.6 1 2206 8.1 0.007
Error 1257.0 46 273

0.45 0.50 0.55 0.60 0.65 0.70

Proportion of initial organic matter lost

0.40

Figurc 4. Relationship between the chunge in nitrogen con-
tent and the proportion of initial organic matter lost by Fre-
maont cottonwood leaf litter inundated on the Yampa River
Roodplain during the spring 2000 flood pulse. Note that lilter
in both buried and surface leafpacks in some cases gained
nitrogen. The lineur regression is for the two groups pooled.
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One week after the flood peak and ~2 months after
installation. the concentration of plant-available N was
higher in leafless- than in dry-IER controis. indicating
that the IERs exposed to floodwater but lacking an
overlying leafpack had acquired nitrogen while inun-
dated. Contrary to our prediction, however. the nitro-
gen level in leafless-TER controls was also greater than
that in leafpack-1ERs inundated 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 water, restricting flow over the resin bag, or both.
Two lines of evidence point to nnmobilization of
floodwater-N by decomposing litter as the mechanism
involved. First, decomposition was lower in buried
leafpacks than in surface leafpacks, whereas concen-
trations of TER-N were highest in buried leafpack-
TERs. Buried leafpacks underwent less decomposition,
sequestercd less floodwater N, and thus made more
floodwater N available to adsorb onto the resins. Sec-
ond, leafpack leaves lost on average 56% of the or-
ganic matter originally present but showed no net foss
of nitrogen. In fact, most leafpacks losing above-av-
erage ainounts of OM actually gained N (Figure 4).

Our contention that lcafpack litter removed nitrogen
from floodwaters is supported by experimenls dem-
onstrating that leaf litter in a stream can reduce the
nitrogen available for other heterotropbic microbial
stream processes (Tank and Webster 1998). Similarly.
Koechy and Wilson (1997} found IER-N levels lower
for 1ERs with pverlying litter than for those without it
in a rterrestrial setting. They concluded that the litter
had immobilized mineral N deposited from the atma-
sphere. An increase in litter nitrogen concentration
(Figure 3) is common during the early stages of leaf
dccomposition (Gurtz and Tate 1988, Mulholland
1992, Gessner and Chauvet 1994, Glazebrook and
Robertson 1999, Simons and Seastedt 1999). We
found no evidence of invertebrate activity in the leaf-
packs, corroborating Anderscn and Nelson's (2003)
conclusion that processing of cottonwood |caf litter on
the Deerlodge Park floodplain is primarily by mi-
crobes. Based on analysis of Fremont cottonwood
leaves exposed during several flood seasons at nwlti-
ple sites. these authors suggested that litter N concen-
wation started to decrease only when >60% of litter
OM had bcen lost.

We found no effect from time of collection on leaf-
pack IER-N concenlrations. This result would be ex-
pected if the alluvium lacked sufficient interstidal wa-
Ler for transler of mincralized N {rom litter o lealpack-
TERSs or if mineralization was not yet oecurring in leaf-
packs (our alternative hypothesis). Wann, dry weather
prevailed between the first und second collections, and
lcafpack OM loss continued only in particular envi-

ronments: low, sandy sites and silty sites at interme-
diate clevation. River stage, which controls ground-
water level on the Deerlodge floodplain (Cooper et al.
1999), teil 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 textured soils. During
the flood period, and perhaps through the period be-
tween collections, nitrogen lost from leafpacks in as-
sociation with OM Jloss may have bcen in organic
forms (e.g., microbes, their enzymes. or leal com-
pounds) unavailable to either plants or IERs,

Burial has been shown to reduce decomposition
rates in some studies (Herbst 1980, Rounick and Win-
terbournn 1983, Metzler and Simock 1990) but not oth-
ers {Smith and Lake 1993, Boulton and Foster 1998).
Our study suggests that the effects of burial depend on
the length of inundation: burial significantly decreased
OM loss at high T, (1725 days), but the relationship
weakencd when low Ty leafpacks were also consid-
ered. This apparent dependency is complicated by re-
sults from a separate study conducted on the Deerlod-
ge floodplain in which leafpacks 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 2003).
Herbst (1980) suggested that burial could reduce de-
coniposition through compaction of leaves (smaller ef-
fective surface area for detritivores), decreased abra-
sion, reduccd mechanical breakage (lack of turbu-
lence), anaerobic conditions, or differential coloniza-
tion by microbes and invertebrates. Boulton and Foster
(1998) suggested that effects from burial depend in
part upon whether leaves are in up- or downwelling
hyporheie zones. Buried leaves are also less suscepti-
ble to recurring wet-dry cycles that can disrupt micro-
bial populations and enhance the release of immobi-
lized elements (Witkamp 1969, Sorcnson 1974, Shuare
et al. 1986, but see Lockaby et al. 1996). We found
little cvidence of abrasion or mechanical damage to
any leaves in this study but did not assess other factors.

The decrease in leafpack IER-N as the total period
of inundation increased was unexpected. Giblin et al.
(1994} tound that TERs preloaded with nufrients lost
nitratc during incubation in acidic soils and suggested
the loss could be due to either microbial growth or
substitution of HCO,~ for NO;~ on the resin beads.
Another explanation is saturation of the ion exchange
capacity of thc 1ERs over time; the retention of nitratc
on the resins should be very high when nitrate occu-
ples a small proportion of the exchange capacity. but
as the resins beconie saturated with NO,~ ions from
the floodwater solution (rather than the original OH~
saturation), retention of nitrate would drop below
100%. Yampa River floodwaters are alkaline and fea-
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ture moderate bicarbonate concentrations [e.g., 66 mg
L' during both the 1998 and 1999 spring floods. cal-
culated from Decrlodge Park water quality data in
Crowfoot et al. (2001}], so some substitution may have
occurred. However, the level of NO,  in the leafless-
1ER controls (Table 2) suggests that resins were sat-
urated 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. Whar-
ever the proeess, the apparent lack of comiplete reten-
tion of nitrate on the resins shows that the long-term
flux of nitrate may not be estimated accurately using
[ERs, even though the IERs can provide strong relative
comparisons of treatment effects (Giblin et al. 1994),
Because our Lests either controlled for the relationship
berween TER-N and Ty, or were independent of it, our
canclusions are unaflected.

In contrast to the immobilization of N from river
water noted in our study. Schade and Fisher (1997)
reported that Fremont cottonwood leaves coutinuously
lost nitrogen during 40 days of submergence in a Son-
oran desert siream. They found no evidence of a net
uptake of stream N by lcaves and associated microbes.
This difference could be related to differences in de-
composer organisms, litter quality, or stream water
quality. The rate of OM loss they report [exponential
decay coefficient (k,) = 0.0176 d~'|. although greater
than that reported for Fremont cottonwood leaves con-
tinuously submerged in the Colorado River below
Glen Canyon Dam (0.0062 d='; Pomeroy et al. 2000),
produces a 20-day OM loss estimate of 70%. similar
(o the valuc of 61% derived from Figure 2a for surface
leaves submerged for 20 days.

The immnobilization of floodwaler nilrogen by [lood-
plain leaf litter could be an important mechanism for
N retention and could explain the accumulation of N
in floodplain soils. Our smdy showed that an above-
average flood discharge inundating relatively low
Noodplain sites (for as long as 24 days) did not resull
in a net loss of N from the previous autumn’s litter.
Any organic N removed from the litter as OM de-
creased was cither transported out of the Jocal arca by
floodwaters or added to the local N pool. Coupled with
immobilized floodwater-N, any litter-derived N added
to the lacal pool would mean a net nitrogen gain for
the site. Some retention of litter-denived N at Deer-
lodge Park seems likcly because most floedplain lo-
cations feature flow velocities too low to move leaf
liver (Andersen and Nelson 2003). Given that only the
relatively 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 not only
the litter-derived 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 ripartan plants may be able to imino-
bilize nutrients rapidly following short-term soil wet-
ting by precipitation, a trait documented for specics in
the adjacent upland (Bilbrough and Caldwell 1997,
Cui and Caldwell 1997). Whether the N is immaobi-
lized by floodplain plants or soil organisms, the net
result is a reduction in the amount of nitrogen suscep-
tible to export. The minimal expott of N. coupled with
immobilization of floodwater-N, could explain the ac-
cumulation of N over time in foodplain soils.
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