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Abstract:

There is a paucity of process-level information regarding nutrient dynamics in floodplain
ecosystems, particularly in arid and semi-arid environments. Similarly, few studies directly
address the significance of spatiotemporal heterogeneity on floodplain biogeochemical
processes. This study used isotopic nitrate (NOs-'"N) enrichment to identify major N-cycling
pathways in a semi-arid floodplain. Mesocosms were placed in a floodplain and received one of
three nutrient amendments: ambient (control - CTR), ’NOs-N at 5 mg L™ (*°N) or °NO;s-N at 5
and PO4-P at Img L™ (’N+P). We examined spatial heterogeneity by using soils from two
extensive floodplain habitats: forests and grasslands; while temporal effects were addressed by
performing experiments during seasons with distinct temperature regimes (April and July). The
mean water temperature was significantly higher in July than April (29.2 +0.2 and 17.5 £
0.1°C), as were nitrate loss rates (Knos.n) (23.1 + 0.9 and 16.6 + 1.2 pg L™ hr™') and initial Chl-a
concentrations (226.8 £ 4.3 and 5.0 + 0.1 pg L™"). The increase in Chl-a concentrations during
the experiments was similar for both sampling dates. The phytoplankton community was
dominated by chlorophytes and diatoms in April, and euglenophytes and N-fixing cyanobacteria
in July. Isotopic mass balance and Chl-a data suggest resource competition between
phototrophic and heterotrophic organisms at warmer temperatures. However, temporal
differences in N-cycling could not be solely attributed to temperature. Mass balance and soil
nutrient analysis suggest that cooler temperatures coupled with preceding moist soil conditions
enabled the soil biota to play a larger role in sequestering water column nutrients. The possible
increase in labile organic matter coupled with warmer temperatures in July appeared to enhanced
microbial catabolism resulting in higher potential denitrification and an eventual loss of N from

the water column.
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Introduction:

Flood pulsing is the primary physical process altering floodplain biogeochemical
processes, biological production and ecological state (Junk et al., 1989; Tockner et al., 2000,
Scholz et al., 2002). Following a flood pulse, and at the onset of river-floodplain hydrologic
disconnection, floodplain processes are biologically driven; primary production, resource
competition and in situ nutrient cycling increase while nutrient spiraling decreases (Hein et al.,
1999; Vegas-Vilarrubia and Herrera, 1993; Tockner, 2000). However, as hydrologic residence
time increases, nutrient limitations increase and water column primary productivity decreases
(Ertl, 1995; Hein et al., 1999; Castillo, 2000). Thus, the nutrient cycling mechanisms within a
floodplain are constantly changing.

In addition, floodplains are spatially heterogeneous; a characteristic that appreciably
impacts nutrient cycling dynamics and results in patchiness of floodplain biogeochemical
processes (Ward and Stanford, 1995; Schilling and Lockaby, 2005). Flood pulsing causes
floodplain areas to transition from terrestrial to aquatic habitats. Once hydrologic disconnection
and dry out ensue, these flooded areas may rapidly shift back to terrestrial habitats or remain
inundated, significantly altering the existing nutrient pools and associated fluxes.

Flood timing plays an equally important role in controlling floodplain nutrient pools and
fluxes (Malard et al., 2000; Robertson et al., 2001). Ahearn et al. (2004) describe stream runoff
hydrologic seasons which are characterized by distinct physiochemical properties. Flood pulse
physiochemical characteristics, such as nutrient concentrations and water temperature can
enhance or reset floodplain biogeochemical cycles during hydrologic disconnection (Gallo et al.,
in review). Current literature demonstrates that the constant shift from aquatic to terrestrial

habitats is important in maintaining floodplain function (Ward and Stanford, 1995; Scholz et al.,
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2002; Arthington et al., 2005; Walls et al., 2005), yet the biogeochemical mechanisms though
which floodplain function is preserved, particularly in arid systems, are weakly understood.

Many floodplain studies have focused on nutrient cycling and spiraling within the aquatic
ecosystem and have overlooked the impact of soils on nutrient fluxes during hydrologically static
conditions. While there is an extensive body of literature examining water column nutrient
cycling and resource competition within lakes, streams, permanently flooded wetlands and
temporary agricultural wetlands such as rice paddies, few studies such as those performed by
Heffernan and Sponseller (2004), Van Der Lee et al. (2004), Valett et al. (2005), and Sheibley et
al. (in review) address the role of soils in arid and semi-arid floodplain systems.

A majority of permanently flooded wetlands are sinks of particulate and dissolved
nitrogen and phosphorous; while riparian buffer strips tend to be sinks for total nitrogen, total
phosphorous and dissolved inorganic nitrogen, and sources of soluble reactive phosphorous
(Fisher and Acreman, 2004). The results from the large body of literature regarding N-cycling
in permanent wetlands is to a degree inapplicable to arid floodplain systems due to the pulsing
nature of floodplains as actively flooded wetlands. In addition, riparian buffer strips tend to lack
the spatial heterogeneity and hydraulic retention that make floodplains ecologically significant.

The increase in public awareness and scientific interest in the restoration and adaptive
managements of river-floodplain systems make information regarding nutrient cycling of
particular importance in establishing successful management strategies and achievable
restoration goals. The primary objective of this research was to use '°N enrichment field
mesocosm experiments and natural 5'"°C analysis to identify the major fluxes of dissolved
inorganic nitrogen (DIN), specifically in the form of nitrate (NO3-N) following inundation in a

semi-arid floodplain. Due to the low ambient NH4 concentrations at the experimental floodplain
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(Gallo et al., in review), we have focused our study on NO3-N dynamics. A simplified
conceptual model of the nitrogen cycle in a floodplain during anoxic soil conditions is illustrated
in Figure 1.

Our study site, a floodplain located in the California Central Valley has been documented
to have water column NO3-N concentrations as high as 6.5 mg L' during hydrologically static
conditions (Gallo, unpublished data) and high concentrations of NOs inputs from the river onto
the floodplain (>1mg L") (Ahearn et al., 2004). Although data demonstrate that the floodplain
has the ability to process high concentrations of dissolved nitrate (Gallo et al., in review;
Sheibley et al., in review), the mechanisms through which NOs-N is cycled remained largely
unidentified.

Methods:
Study Site —

The experiments were performed at the Cosumnes River Preserve floodplain, 34 km
south of Sacramento in the Central Valley of California. The field site is at an elevation of 1.5 m
to 4 m above sea level and has a Mediterranean climate with average rainfall of 46cm yr', most
of which occurs during the winter and spring months. Because there are no major water
diversions or impoundments along the Cosumnes River, the floodplain responds to the natural
winter and spring watershed hydrology (Whitener and Kennedy, 1999).

The experimental mesocosms were placed in a floodplain pond which in most years
remains inundated until late summer. Natural restoration processes at the site have resulted in
high floodplain spatial (habitat) heterogeneity, which includes ponds, herbaceous grasslands and
early and mid successional forests (add reference here?). Soil cores from a floodplain forest and

grassland were chosen for our experiment based on previous monitoring at the study site, which
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documented dramatic post-flooding water quality changes between a flooded grassland and
forest (Gallo, unpublished data). In addition, these two habitats cover extensive floodplain
surface area, therefore we chose to use grassland and forest soils in order to assess spatial
heterogeneity effects on NOs-N cycling and aquatic geochemistry.

Experimental design:

Soil cores 15 cm in depth from the grassland (herein grass) and forest were placed in 5.1
cm diameter x 100 cm height clear polycarbonate tubes. Each tube received 1 of 3 water column
nutrient amendments: control (CTR), ’NOs-N addition at 5 mg L™ (*’N) and "NO;-N addition
at 5 mg L™ + PO,-P addition at 1 mg L™ (’N+P). Phosphorous was added at 1 mg L™ in order
to eliminate phosphorous limitation within one set of replicates. Nitrogen was added as 98%
"N-KNO; and phosphorous was added as NaH,PO, .H,O. In order to assess the temporal aspect
of nutrient cycling, the experiments were conducted in spring (April) and summer (July) of 2003,
months with distinctly different temperature regimes. There were 3 replicates of each soil type x
nutrient treatment combination for a total of 18 columns per date. All the nutrient addition
solutions were prepared in the field utilizing floodplain pond water. The pond water was filtered
through 150pm mesh to exclude macro-zooplankton and minimize herbivory effects. Each tube
was capped and sealed at the bottom (the soil end) in order to prevent water losses or additions
due to changes in the piezometric head of the pond; and was capped at the top (the water surface
end) to prevent material from falling into the tube during the duration of the experiment. We
drilled holes on the sides of the tubes to allow for air circulation.

The mesocosms were placed in the floodplain pond at a water depth of 85 cm during
April and 75 cm during July. We use a completely randomized design and used SAS V8 (The

SAS Institute) to randomize the placement of the tubes in the field. We placed a HOBO water
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temperature logger (Onset Corp., model H20-001) adjacent to our mesocosms in order to
monitor diel temperature changes. The logger recorded data ever 30 minutes for the duration of
the experiment.

Every 24 — 72 hours we took in vivo chlorophyll a (Chl-a) readings using a hand held
field fluorometer (Turner Designs Aquafluor). Simultaneously we collected and field filtered
(0.2um syringe filters - Pall Acrodisk) water samples for nitrate nitrogen (NO3-N) and
orthophosphate (PO4-P) analysis. The experiments continued until NO3-N concentrations of the
"N and "°N + P treatments approached ambient levels (approximately 0.02 — 0.05 mg L™).
Water and Soil Analysis:

At the completion of the field study, the mesocosms were removed from the pond and the
remaining water poured into bottles; the soil cores remaining in the tubes were tightly sealed and
kept intact. During this process we lost one April*forest*control replicate. The water and soil
were kept cool and dark until laboratory processing.

We analyzed our water samples for total suspended solids (TSS), volatile suspended
solids (VSS), NO;-N, PO4-P and initial and final chlorophyll-a (isitChl-a, finaChl-a). We
determined TSS by filtering water through a 0.45 um pre-weighed 25 mm glass fiber filter
(Whatman), weighing the filter after drying it at 60 °C for 24 — 48 hours, and taking the
difference between the two weights. VSS was determined by combusting the TSS samples in a
muffle furnace at 500°C for 2 hours. We used the conductimetric analyzer method described by
Carlson (1986) and Yu et al. (1994) to determine NO3-N, and a spectrophotometer (Perking
Elmel Lambda 38) with the method described by Clescseri et al. (1998) to determine PO4-P in
the water samples. Laboratory chlorophyll-a (Chl-a) measurements were made using the

pigment extraction fluorometric method described by Clescseri et al. (1998).
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KCI extraction was used to determine the amount of exchangeable or available nitrogen
(Nioil_ex) from the top 3 cm of the soil cores (Stark and Hart, 1996). We analyzed the extract
using the conductimetric analyzer method. In addition, we measured redox potential (Eh) of the
soil cores when they were removed from the plastic tubes using a platinum electrode and
Zobell’s solution.

We qualitatively analyzed the algal community present in the mesocosms, and identified
the most common taxa to the lowest possible taxonomic level using the keys provided by
Entwisle et al. (1997).

Nitrate loss rates:

Some mesocosms reached ambient NOs-N levels before the end of the experiment, while
some did not completely reach ambient levels. Therefore, using JMP IN 5.1 (The SAS Institute)
and based on goodness of fit (r* and p-values) we applied either a linear or quadratic regression
model to our daily NO3-N concentrations in order to calculate the time in days (t) that it took
each mesocosm to reach ambient concentrations as follows:

t=m*0.05+1

t=(a*0.05)° +(b*0.05)+c¢

Where m is the slope of the line in L.days mg™, | is the y-intercept in days, 0.05 is the

12 L mg-l’

ambient NO3-N concentration in mg L'and a, b and ¢ are regression constants in days
days L mg™' and days, respectively. Because most of the data fit a quadratic model, we were
unable to apply a simple linear regression in order to determine the NO;-N loss rate (as the slope

of the regression). Therefore, the NO3-N loss rate (K, ) for each "N and "N +P mesocosm

was calculated as follows:

_[i]*1000
NO3-N ™ 4 x5y
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Where k is in pg L™'hr, i is the initial NO3-N concentration in mg L™ and t is the time in
days to reach ambient NOs-N concentrations. Quadratic models present changing rates, therefore
the nitrate loss rates reported are averaged over t.

Isotope analysis:

We collected particulate matter on pre-combusted and weighed 0.45um glass fiber filters
(Whatman) in order to determine the '°N (;4 N), total nitrogen (1ssTN), 8"°C (8 &cC ), and total

carbon (1ssTC) pools of suspended solids, which included algae, large bacterioplankton and
microzooplankton (<150 um). Filters were dried at 60°C until they reached constant weight and
the filters were packed into tin capsules for combustion and introduction into the mass
spectrometer as described by Dalsgaard et al. (2000) and Harris (UC Davis stable isotope

facility), and were analyzed with a Europe Integra Mass spectrometer.

The upper 3 cm of soil was prepared for determination of the "N soil pool (2 N), which

included "N assimilated by soil flora and fauna, as well as exchangeable or available inorganic

>N. Soil samples were air dried, ground, and weighed into tin capsules for ’N-total nitrogen

(s0iI TN), s13C ( 5C ) and soil carbon (s;C) analysis as described by Boutton and Yamasaki

soil
(1996) and Harris (UC Davis stable isotope facility).
Mass balance:

Mass in mg of "N for each of the nitrogen pools was calculated as follows:

sel 15 : 1 1
Initial and final NOs- "N in water column ( yo; yiniin N 5 nosn i N ):

ial

NO3-N initilaSlN = (NOs-Ninitial - NO3_N-CTR )* WVinitial *0.98

initial

NO3-N ﬁnlaSlN = (NO3'NfinaI 'NO3_NCTR )* WVfina| *098

final
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Where NOs-Nipitiat and NO3-Nisinal are NO3-N concentrations in mg L'l, W Vinitial and W Viina are

the initial and final water volumes in each experimental tube in L, NO,-N{® and NO,-N}
are the mean ambient NO;-N concentrations (from the CTR treatments) and 0.98 denotes the

percent concentration of 5N in the KN O; added.

The NO;-"N removed from the water column for analytical purposes during the

15

experiment ( onoveq

N) was calculated as:

4N = (WVinitial — WViina)) *NO,-"N *0.98

removed
Where NO,-"N is the average water column NO3-N concentration in mg L in each

tube over the duration of the experiment.

Isotopic nitrogen as suspended solids (algae + microzooplankton) in the water column at

the end of the experiment (¢ N) was calculated as:
TSISSN = TSS * WVsinal * 15NTSS

Where TSS are total suspended solids in the water column of each tube in mg L', and PNygg is

the mass of "N in mg per mg of suspended solids from isotopic analysis.

Exchangeable or available '’N and "°N incorporated into soil biomass (.5 N') was

calculated as:

s;isl N = WTsoil * 15Nsoil
Where WT,; is the dry weight of the top 3 cm of our soil cores in g and Ny is the mass of '°N
in mg per g of dry soil.

The '°N mass balance equation for each of the °N and '"N+P treatments is:

15 _ 15 15 15 15 15
NO3—NinitialN ~ NO3-N ﬁnalN+removedN+TSSN+ N+ N

soil unacc

10



10

11

12

13

14

15

16

17

18

19

20

21

22

where the "N unaccounted for in our analysis was assumed to be due primarily to denitrification

and (., N ) was calculated as follows:

5N = 15 15 15 15 15
N = {osninitat N = (noson finat N T7es N+ i N+ N)

unacc soil removed
Statistical Analysis:

We performed repeated-measures analysis on our daily fluorescence and PO4-P data
using SAS V8 (The SAS Institute). We performed ANCOVA analysis using i,;{Chl-a as the
covariate to determine if there were significant differences in gn,Chl-a levels between
treatments, and Welch ANOVA tests to determine if there were significant differences in i,;Chl-
a, finalChl-a and PO4-P within treatments. ANCOVA analysis, as described by Steel et al., (1997)

and J. Dubcovsky (personal communication) were performed using JMP IN 5.1 (The SAS

: 15 15 15 15 : 15
Institute) on t, Knosz-n , Nsoil exs removed IN > 155 N s soit N N and TSS using yo; y i N as the

> unacc

"N and > N data prior to ANCOVA analysis in order to

covariate. We transformed the o5y fnal unace

meet normality of residuals. We performed ANOVA analysis in soil and TSS carbon to nitrogen

ratios (soilC:N, 1ssC:N), 0 501”3C , STS'S3 C and i TN. We used the Tukey-Kramer test to compare
means and Cochran’s C to test for homogeneity of variances in all of our data.
Results:
Unless otherwise noted, all significant differences mention henceforth are at p < 0.05.
Water and Soil Analysis:
Mean water temperatures in April were significantly lower than July temperatures
(17.5 £0.1°C and 29.2 + 0.2°C, respectively). Water temperatures ranged from 12.8°C to

23.6°C in April and from 24.2 to 36.9 in July, with a significantly larger diel temperature

variations in July than April (8.7 + 0.6°C and 4.1 + 0.2°C, respectively). There was significantly

11
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MOTE o5 Ny N 10 the April experiment than in the July experiment (6.41 + 0.05 mg and 5.99 +

0.03 mg, respectively). The experiments had significantly different average durations of 13.6 +
1.0 days in April, and 8.0 + 0.3 days in July (Table 1). The water column had significantly less
TSS in April than July (28.8 + 9.3 mg L™ and 68.9 + 15.6 mg L™, respectively) and there were
no significant differences across nutrient treatments or habitats within dates. The %VSS (mass
loss on ignition) ranged between 73 and 92% of TSS with no significant differences observed
between treatments. The redox potential of the soil replicates at the end of the experiments was
in the +100 to +250 mV range, well within anoxic soil conditions.

There were no significant differences in j,;Chl-a between soil type x nutrient treatment
within each experimental date (Table 2), but there was significantly more i,;yChl-a in July than
April (226.8 = 4.3 ppb and 5.0 = 0.1 ppb, respectively). In-vivo fluorescence peaked at days 10
and 13 in April, and on the last day in July (Figure 3). In April the CTR treatments had
significantly less fin,Chl-a than the >N and the "N+P treatments, and did not have a significant
increase of Chl-a over the duration of the experiment (p<0.05). Interestingly, while there were
no significant differences in f,,Chl-a between treatments in July, the SN+P treatment did not
exhibit a significant increase in Chl-a over the duration of the experiment (Figure 4).

The algal taxa observed in April were markedly different from the taxa observed in July.
The April phytoplankton community was dominated by the Chlorophytes Scenedesmus spp.,
Ankistrodesmus spp. and Botryococcus spp.; and the Diatoms Navicula spp. and Synedra spp. In
contrast, the July community was dominated by Euglenophytes, the Chlorophyte
Chlamydemonas spp. and N-fixing cyanobacteria, including Microcystis spp., Anabaena spp.

and Nodularia spp.

12
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Initial (day 0) PO4-P concentrations were significantly higher in July than April (1.27 +
0.22mgL",0.41+0.12mg L, respectively), with the "N+P having significantly higher PO,-P
concentrations than the CTR and "°N treatments within each date (Table 2). There was a
significant decrease of PO,-P in the CTR and "N treatments during the first 24 hours of the
experiment in July, and no significant changes in April (Figure 5). In addition, there were no
significant PO,-P differences between the CTR and "N treatments within dates or between soils.

There were no significant differences in ;N between nutrient treatments or dates,
however, there were significant differences in ;N across date*habitat treatments with the
highest concentrations in the April*forest treatments and the lowest in April*grass (Table 3).
The forest soils had significantly higher soil available N (Nyoi1 ¢x) in July than in April (89.5 +4.3
ngg',37.9+2.4 g g, respectively) and the forest soil had higher available N than grassland
soil (68.9+ 8.2 ug g'and 58.6 + 5.7 pg g, respectively). The July*forest treatments had the
highest levels of Ny ex, While the April*forest treatments had the lowest (Table 3).

Nitrate loss rates:

April knoa.n were significantly slower than July rates (16.6 + 1.2 ug L™ hr', 23.1 £ 0.9
ug L hr', respectively). The '°N treatments had significantly slower knosn than the "N+P
treatments (17.4 £ 1.6 ug L™ hr', 22.2 £ 0.7 pg L™ hr'', respectively). Overall, the July*grass
treatments had the fastest kKnoz.n, while the April*lSN treatments had the slowest (Table 1).
There were no significant changes in NO3-N concentrations of the CTR treatments across dates
(Figure 6).

Isotope analysis and mass balance:

The April 8¢, C was significantly lower than in July (-27.0 + 3.6%o, -24.1 + 1.1%o;

respectively). In addition, the CTR treatments were more depleted than the '"N+P treatments

13
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(Table 2). The 1ssC:N ratio was significantly higher in April than July (9.4 £0.3,7.2+£0.1,

respectively), with the April*Grass treatments having the highest ratios July*Grass having the

lowest (Table 2). The April ;& N pool was significantly smaller than the July ;s N (0.38 +0.03

mg, 0.97 + 0.05 mg, respectively) and the Grass treatments had significantly less oo N than the
Forest treatments (0.61 + 0.09 mg, 0.73 + 0.10 mg, respectively). The CTR treatments had a

significantly smaller o N mass than the ’N and '"N+P treatments (0.01 + <0.1 mg). Overall,

the July*'"°N treatments had the highest . N, while the April*"°N treatments had the lowest

(Table 5).

The July § _’C was significantly higher than the April § _.’'C (-24.6 = 0.3%o and -25.7 =

soil soil

0.2%o, respectively). The July*CTR treatments were the most enriched (-23.8 + 0.5%0) while the

April*""N+P were the most depleted (-25.6 + 0.5%o). Interestingly, there was no significant

13

difference in d ; C between the grass and forest soils (Table 2). iC:N was significantly higher

in the grassland than the forest (12.9 £ 0.1 and12.3 £+ 0.1 respectively). There were no

13

significant differences in 8 .;; C across dates or nutrient treatments (Table 2); however, we did

observe significant differences in s;C. There was significantly more ;C in July than in April
(42.8 + 1.9 pg C mg™' soil and 36.5 + 3.0 ug C mg™' soil) and more «;C in the forest than in the
grassland treatments. Although not numerically significantly, within habitats, the CTR

treatments had the highest levels of soil C, while the '"N+P treatments had the lowest (Table 4).

The soils cores had significantly more > N in April than July (1.12 £ 0.10 mg, 0.20 = 0.05 mg,).

soil

15
soil

The April*Forest* °N+P and April*Grass*'°N treatments were the largest > N pool while the

July*Grass treatments were the smallest (Table 5)

14
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There was significantly more o5 \ s N (i.e., the amount of °N remaining in the water
column at the end of the experiment) in the '°N than in the '’N+P treatments (0.12 + 0.03 mg,

0.01 +<0.01 mg, respectively). The April*Forest*'°N treatment had the highest o, N

while the April*Grassland*'°N+P had the lowest (Table 5). The . >N mass (i.e., the amount

removed
of °N removed during sampling for chemical analyses) was significantly larger in April than

July (0.76 + 0.02 mg, 0.41 = 0.01, respectively). The . N pool was significantly smaller in

unacc

April than July (4.02 mg + 0.13, 4.25 mg + 0.10, respectively). The '°N treatments had

N than the ’N+P treatments (3.90 mg + 0.11, 4.38 + 0.10, respectively)

unacc

significantly less

and the forest treatments had significantly less .. N than the grassland treatments (4.00 = 0.08,

unacc

4.28 + 0.15, respectively).

The smallest °N pool was the yo,_y o N, which accounted for 0 to 3.1 = 1.1% of the °N

(Figure 6-a). The >N was the third largest pool and accounted for 12.0 + 0.3% of the '°N in

removed

15
soil

April while it only accounted for 7.1 + 0.2% in July (Figure 6-b). Interestingly, the i N pool

was the second largest in April (17.6 = 1.6%) and fourth largest in July (3.4 + 0.8%, Figure 6-c);

while the ;& N pool was the fourth largest in April (5.9 + 0.5%) and the second largest in July

(16.5 + 0.9, Figure 6-d). The largest pool across dates, habitats and treatments was the , . N,

unacc

accounting for 63.0 + 1.9% "N in April and 72.4 + 1.6% in July (Figure 6-¢).

Discussion:

" Nand ;& N pools.

We observed a strong temporal pattern to '°N incorporation into the
There was more "N incorporated into the 16 N'in July than April, while N incorporation into

15

«on N was greater in April than July. The largest >N pool in our study was the unaccounted

15
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(e N) and assumed to be denitrified pool. Our data suggest a coupling of soil and water

column processes on N-cycling, which are by affected by spatial (soil properties) and temporal

heterogeneity.

Primary producers, Chl-a and the ., N pool

A summary of the Chl-a and ;¢ N results show that the planktonic community was N

limited in April and C limited in July, and there were no significant differences in finaChl-a
between date*habitat*nutrient amendment in the "N and ’N+P treatments after adjusting for
differences in jnyChl-a. Interestingly, within date*habitat*nutrient amendment, the July*'’N+P

treatments did not show an increase in Chl-a over the duration of the experiment. In addition,
there was a larger incorporation of "°N into the July ;&2 N pool and TSS were more "*C enriched

in July than April.

The July 1ssC:N was slightly below the ideal molar C:N of 7.7 £ 0.4 (Geider and La
Roche, 2002), while the April 1ssC:N was above; suggesting slight C limitations in July and N
limitations in April. The 1ssC:N observed are linked to the dominant photosynthetic algae
present in the water column. The phytoplankton community during July was dominated by N-
fixing cyanobacteria, which can significantly contribute to the dissolved inorganic nitrogen pool
and can be carbon and phosphorous limited. In contrast, the April phytoplankton community
was dominated by green algae and diatoms, taxa which are limited by ambient concentrations of
dissolved inorganic nutrients.

Once adjusted for j5j{Chl-a, we did not observe differences in finqChl-a between
date*habitat*nutrient ammendment, suggesting that the thermal aspect of flood timing may not
have a significant impact on photosynthetic productivity. While our findings are not consistent

with studies indicating that flood pulse temperature has a significant effect on floodplain primary
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productivity (Robertson et al., 2001), we suggest that temporal differences in flood pulse water
quality and resource competition may have a larger impact on the phytoplankton community
than water temperature alone.

Higher initChl-a; and therefore higher primary productivity in July compared to April, led
us to hypothesize that the phytoplankton community would play a larger role in nitrogen cycling
during the summer than during the spring. While supported by the mass balance data, the Chl-a
data does not entirely support our hypothesis. Within date*habitat*nutrient amendments, there
was an expected increase of Chl-a in the April >N and ""N+P treatments, however, there was no
Chl-a response to "N+P amendments in July. Since we observed an increase of Chl-a in the
July CTR and "N treatments, we suggest that the addition of phosphorous in the "N+P
treatment may have facilitated nutrient competition between heterotrophic bacterioplankton and
phytoplankton, leading to an increase in non-photosynthetic biomass.

The nutritional needs of the April phytoplankton community (green algae and diatoms)

would suggest a greater incorporation of °N into the 1 N pool than during July (N- fixing

cyanobateria). However, we observed significantly more "°N incorporated into the e N pool

during July. Although phytoplankton nutritional needs may have been lower in July, we propose

that collectively, the larger number of photosynthetic and heterotrophic organisms present in the

water column led to larger "°N incorporation into the & N pool. The incorporation of "°N into

the s N pool was likely due to >N uptake by heterotrophic bacterioplankton, and to trophic

transfers from heterotrophic and photosynthetic plankton to microzooplankton (protozoa) via
grazing. Competition between photosynthetic and heterotrophic plankton has been documented
in mesocosm experiments (Joint et al, 2002; Klug, 2005) and tropical, neo-tropical and temperate

floodplain systems (Hein et al., 1999; Castillo, 2000; Castillo et al., 2003; Rejas et al., 2005).
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Further more, Joint et al. (2002) demonstrate that bacterioplankton have the ability to inhibit
algal growth through nutrient competition, Aspetsberger et al. (2002) document that high
contributions of phytoplankton biomass to water column particulate OM can support high
bacterial productivity and Doi et al. (2003) suggest that the role of phototrophic organisms on
nutrient cycling increases with increasing biomass. Therefore, we suggest that water column
biomass may have a greater impact than life history on nutrient cycling pathways.

Finally, in regards to carbon resources, the July TSS were more enriched in ;¢ C,

suggesting a greater utilization of terrestrially derived carbon (Hamilton and Lewis, 1992;
Vizinni et al., 2005) and a decrease in selectivity of carbon resources by planktonic organisms
due to increasing carbon limitations (Doi et al., 2003; Lehmann et al., 2004). We suggest carbon
subsidies from the soils and litter layer to the water column following re-wetting of severely
desiccated soils in July consistent with observations made by Baldwin and Mitchell (2000).
Subsidies of terrestrially derived nutrients to the aquatic ecosystem have been observed in
numerous freshwater wetland studies and are of particular importance to floodplain systems
(Robertson et al., 1999; Tockner et al., 1999; O’Connell et al., 2000; Hein el at. 2003). Release
of labile SOM into the water column would enhance bacterioplankton metabolism, competition

and subsequent "°N uptake, elucidating on the results of our study.

Soils and the ¢ N pool-

A summary of the soil analysis and ;¢ N pool data demonstrate a larger soil organic

matter (SOM) pool in forest, decreased SOM in nutrient amended treatments, enriched ; C in

15
soil

July and a larger _; N pool in April.

The higher ;jC and siN concentrations, particularly during July, indicate a larger SOM

pool in the forests than in the grassland. It is well documented that SOM pools in the uppermost
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centimeters of the soil profile tend to be larger in forested systems than in grasslands (Jobbagy
and Jackson, 2000). The differences stem mainly from SOM sources and their vertical
distribution. The accumulation of a litter layer in forest soils leads to the concentration of SOM
in the uppermost centimeters of the soil profile. In contrast, reduced litter accumulation coupled
with evenness of the vertical distribution of plant roots in grasslands lead to reduced SOM pools
in the topmost centimeters of the soils.

The ilC:N suggest that there were no ;C limitations during our experiments; however,
we did observe reduced ;i C in the nutrient amendments mesocosms, with the SN+P treatments
having the lowest concentrations. Utilization of soil C during oxic and anoxic respiration in
wetland soils has been well documented (D’ Angelo and Reddy, 1999; Morris and Bradley,
1999). We suggest that nitrogen and phosphorous alleviated soil nutrient limitations and

stimulated microbial respiration, thus leading to the lower ;C concentrations observed.

13

The relative ; C enrichment in July suggests an increase in microbial respiration and

biomass during the warmer summer months. Microbial catabolic processes (respiration)
preferentially discriminate against heavy carbon isotopes; resulting in °C depleted effluxed

COx) and C enriched microbial biomass (Santruckova et al., 2002; Biasi et al., 2005).

However, the smaller incorporation of "N into the July _.> N pool is not consistent with an

13

increase in soil microbial biomass and subsequent ; C enrichment. We suggest that re-wetting

of desiccated soils and subsequent release of highly labile SOM available for the surviving soil

13
soil

biota produced the enriched 6 .;; C observed in July.

Soils within our study site tend to remain moist through the spring and can be severely
desiccated by the summer, leading to larger soil microbial mortality during the warmer months.

It is well documented that rewetting or flooding of soils can release large quantities of nutrients
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and labile SOM, mostly from the desiccated microbial community (Baldwin and Mitchell, 2000;
Scholz et al., 2002). Additionally, studies suggests that OM recycling, as well as utilization of
labile organic compounds for microbial metabolism may lead to higher 8"°C values in soil
microbes (Boschker and Middelburg, 2002; Santruckova et al., 2002; Biasi et al., 2005).

Release of nutrients following rewetting is supported by the higher concentrations of

15
soil

Nioil_ex Observed in July. The smaller mass of >N incorporated into the July > N pool suggests

that during the summer, the "°N in the soils was utilized as an electron acceptor during catabolic
soil processes, rather than cell building material in anabolic processes. This is supported by the
Nioil ex data, which show that .while there were higher concentrations of N ex 1n July to meet
nutritional needs of the soil biota, the incorporation of '°N into soil biomass was larger in April.
The constant soil moisture due to repeated inundation during the spring resulted in larger soil
microbial biomass and anabolic nutrient demands; which is reflected in the larger mass of '°N
fixed into the soils during April.

In summary, our soils data suggest that differences in SOM quality can be attributed to
temporal effects such as the drying and re-wetting of soils which dictates their degree of
desiccation; whereas differences in SOM quantity can be attributed to the characteristics of the

terrestrial vegetation present at each site and the degree of microbial activity within the soil.

15
unacc

Temperature, the N pool and mass balance-

15
unacc N was

Water temperatures and Kyoz.y were significantly higher in July, while the
larger during July in the forest soils and across '"N-+P treatments.

Wetland nutrient cycling rates are highly dependent on temperature (Mulholland et al.,
1997; Baldwin and Mitchell, 2000 Kadlec and Reddy, 2001). As water temperatures increase,

metabolic processes of soil and water column organisms increase, leading to a more rapid
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depletion of dissolved nutrients from the water column and soils. Sheibley et al. (in review),
documented an increase of kKyos-ny With an increase in ambient temperatures. Thus, temperature,
and its direct impact on biogeochemical processes in our experimental units to some extent
account for the shorter duration and faster kyos.n observed in July. However, the soils data
suggest that temperature is not the sole driver of NO; cycling rates. Nutrient concentrations,
hydrologic residence time, redox soil conditions and processes mediated by primary producers

also impact nutrient pools (Kadlec and Reddy, 2001; Fisher and Acreman, 2004). As the Chl-a

and ;& N data demonstrate, water column resource competition can alter N pools and fluxes,

and could contribute to the faster July Kyos-n.

With respect to knos-n differences between treatments across dates, we can conclude that
alleviation of nutrient limitations in the water column and soils through additions of phosphorous
during April lead to faster rates in the '’N+P than in the °N treatments. In addition, we suggest

that the spatial differences in knos.n observed in July may be due to differences in the soil

15
unacc

microbial community; which is illustrated by the lower ;C and larger N pool.

The largest '°N pool in our study was the unaccounted N pool (> N ). We feel

unace
confident in assuming that nitrate reducing conditions within our soils rapidly developed, and
that the unaccounted '°N mass in our budget was indeed denitrified via microbial respiration.
The soil redox potentials at the end of the experiments were well within nitrate reducing
conditions (Mitsch and Gosselink, 2000). In addition, there is evidence documenting the rapid
development of anoxic conditions within floodplain soils following inundation, which are
accompanied by dramatic increases in soil respiration (Ford et al., 2002; Valett et al., 2005). By
converting our Kyos-y to denitrification rates (in ug cm™ hr'l) as outlined by Sheibley et al. (in

review), we were able to compare our calculated denitrification rates to the measured
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denitrification potentials in their study. The rates calculated in this study (120 to 420 ng N cm™
hr'! after accounting for "°N incorporation into all other pools) fall well within the range of
denitrification potentials (2 to 768 ng N cm™ hr™') measured by Sheibley et al. (in review).
Although our denitrification rates are quite high compared to those reported in natural floodplain
systems (Spink, et al., 1998), our calculated nitrate loss rates (143 to 503 mg N m™ day™) fall
well within the range of reported denitrification and nitrate loss rates due to microbial
metabolism in constructed wetlands. Poe at al. (2003) reported denitrification rates of 470 mg N
m” day™'; while Bachand and Horne (2000b) reported rates averaging 554 mg N m™ day™' and
they observed rates as high as 1100 mg N m™ day'. Reilly et al.(2000) reported average loss
rates of 552 mg N m™ day and in their review of nitrate loss rates, Bachard and Horne (2000b)

reported rates ranging from 2 to 4000 mg N m™~ day.

The .o N pool was larger in July, when the mean daily temperatures and primary

productivity (as measured by jnitChl-a) were higher. Ford et al. (2002) observed near anoxic
water at the soil-water interface of their floodplain site in the late afternoon, during the highest
rates of water column primary productivity. They also reported that high daytime water column
productivity resulted in high nighttime respiration rates that lead to near anoxic conditions in

surface waters. Based on the results of their study, the sensitivity of microbial processes to

SN data

temperature reported by Kadlec and Reddy (2001) and on our TSS, i5itChl-a, s0iC and _;
we suggest that the high photosynthetic and respiration rates, coupled with the warmer

temperatures documented in July resulted in high denitrification rates and a large flux of "N into

the atmosphere. In addition, we suggest that phosphorous additions enhanced denitrification rates

15

by alleviating nutrient limitations of heterotrophic organisms, resulting in the larger ...

N pool

observed in the '’N+P treatments.
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The mass balance approach of this study demonstrates that during hydrologically static
conditions, habitat heterogeneity, through differences in resource availability and biological
features has the potential to significantly alter floodplain biogeochemical processes and N-
cycling. Our documented impact of thermal heterogeneity on N-cycling, suggest that soils will
play a larger role in N retention within the floodplain during cooler temperatures. Finally, we
suggest that at warmer temperatures, the water column will play a larger role in N retention
while catabolic metabolism in the soils will result in large N fluxes out of the floodplain system.

In natural systems, inter-annual variations in the mechanisms through which spatial
heterogeneity and flood timing (as physicochemical and thermal heterogeneity) influence
nutrient cycling exist, and we expect future floodplain studies to expand upon nutrient cycling
mechanisms across a wide spatiotemporal range.

Acknowledgements:

This study was supported by CALFED grant NFW2001 and by 2003 and 2004 UC Davis Jastro

Shields Research Awards. We’d like to thank the Nature Conservancy for access to the study

site, the John Muir Institute for the Environment, and the lab and field assistance from Dylan

Ahearn, Juliet Baker, Timothy TAD Doanne, Chris Jannusch, Su-Fei Kuok, Julie Makar, Dr.

Toby O'Geen, Maria Taylor, Xien Wang, Frey Wayland, Andrew Welch, and Dr. Craig

Rasmussen.

References:

Ahearn D. S., Sheibley R. W., Dahlgren R. A. and Keller K. E. (2004) Temporal dynamics of
stream water chemistry in the last free-flowing river draining the western Sierra Nevada,
California. Journal of Hydrology, 295, 47-63.

Arthington A. H., Balcombe S. R., Wilson G. A., Thoms M. C. and Marshall J. (2005) Spatial

23



10

11

12

13

14

15

16

17

18

19

20

21

22

and temporal variation in fish-assemblage structure in isolated waterholes during the 2001
dry season of an arid-zone floodplain river, Cooper Creek, Australia. Marine and Freshwater
Research, 56, 25-35.

Aspetsberger F., Huber F., Kargl S., Scharinger B., Peduzzi P. and Hein T. (2002) Particulate
organic matter dynamics in a river floodplain system: impact of hydrological connectivity.
Archiv Fur Hydrobiologie, 156, 23-42.

Axler R. P. and Reuter J. E. (1996) Nitrate uptake by phytoplankton and periphyton: Whole-lake
enrichments and mesocosm-N-15 experiments in an oligotrophic lake. Limnology and
Oceanography, 41, 659-671.

Bachand P. A. M. and Horne A. J. (2000a) Denitrification in constructed free-water surface
wetlands: 1. Very high nitrate removal rates in a macrocosm study. Ecological Engineering,
14, 9-15.

Bachand P. A. M. and Horne A. J. (2000b) Denitrification in constructed free-water surface
wetlands: I1. Effects of vegetation and temperature. Ecological Engineering, 14, 17-32.

Baldwin D. S. and Mitchell A. M. (2000) The effects of drying and re-flooding on the sediment
and soil nutrient dynamics of lowland river-floodplain systems: A synthesis. Regulated
Rivers-Research & Management, 16, 457-467.

Biasi C., Rusalimova O., Meyer H., Kaiser C., Wanek W., Barsukov P., Junger H. and Richter A.
(2005) Temperature-dependent shift from labile to recalcitrant carbon sources of arctic
heterotrophs. Rapid Communications in Mass Spectrometry, 19, 1401-1408.

Boschker H. T. S. and Middelburg J. J. (2002) Stable isotopes and biomarkers in microbial

ecology. Fems Microbiology Ecology, 40, 85-95.

24



10

11

12

13

14

15

16

17

18

19

20

21

22

Boutton TW, Yamasaki SI (eds.). 1996. Mass Spectrometry of Soils. Marcel Dekker, Inc., New
York.

Carlson, R. M. (1986) Continuous flow reduction of nitrate to ammonia with granular zinc.
Analytical Chemistry, 58, 1590-1591.

Castillo M. M. (2000) Influence of hydrological seasonality on bacterioplankton in two
neotropical floodplain lakes. Hydrobiologia, 437, 57-69.

Castillo M. M., Kling G. W. and Allan J. D. (2003) Bottom-up controls on bacterial production
in tropical lowland rivers. Limnology and Oceanography, 48, 1466-1475.

Clescseri, L. S., A. E.Greenberg and A. D. Eaton. (1998) Standard methods for the examination
of water and wastewater, 20" edition. American Public Health Association, American
Waterworks Association, Water Environmental Federarion, Washington, D.C., pp 5-18 and
10-20.

Dalsgaard, T. (ed.), Nielsen, L.P., Brotas, V., Viaroli, P., Underwood, G., Nedwell, D. B.,
Sundbick, K., Rysgaard, S., Miles, A., Bartoli, M., Dong, L., Thornton, D.C.O., Ottosen,
L.D.M., Castaldelli, G. & Risgaard-Petersen, N. (2000): Protocol handbook for NICE —
Nitrogen Cycling in Estuaries: a project under the EU research programme: Marine Science
and Technology (MAST III). National Environmental Research Institute, Silkeborg,
Denmark. 62 pp.

D'Angelo E. M. and Reddy K. R. (1999) Regulators of heterotrophic microbial potentials in
wetland soils. Soil Biology & Biochemistry, 31, 815-830.

Ertl, M. (1985) The effect of the hydrological regime on primary production in the main stream

and the side arms of the Danube River. Archiv fuer Hydrobiologie 69 (Supplement), 139-148.

25



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Entwisle, T. J., Sonneman, J. A., Lewis, S. H. (1997) Freshwater Algae in Australia: A guide to
conspicuous genera. Sainty & Associates. 248 pp.

Doi H., Kikuchi E., Hino S., Itoh T., Takagi S. and Shikano S. (2003) Seasonal dynamics of
carbon stable isotope ratios of particulate organic matter and benthic diatoms in strongly
acidic Lake Katanuma. Aquatic Microbial Ecology, 33, 87-94.

Fisher J. and Acreman M. C. (2004) Wetland nutrient removal: a review of the evidence.
Hydrology and Earth System Sciences, 8, 673-685.

Ford P. W., Boon P. I. and Lee K. (2002) Methane and oxygen dynamics in a shallow floodplain
lake: the significance of periodic stratification. Hydrobiologia, 485, 97-110.

Gallo, E., Dahlgren, R. A., and Grosholz, E. (in review). Biogeochemistry of a California
Floodplain as revealed by high resolution temporal sampling. Freshwater Biology.

Geider R. J. and La Roche J. (2002) Redfield revisited: variability of C : N : P in marine
microalgae and its biochemical basis. European Journal of Phycology, 37, 1-17.

Hamilton S. K. and Lewis W. M. (1992) Stable Carbon and Nitrogen Isotopes in Algae and
Detritus from the Orinoco River Floodplain, Venezuela. Geochimica Et Cosmochimica Acta,
56, 4237-4246.

Harris, D. Sample Preparation. UC Davis Stable Isotope Facility.

http://stableisotopefacility.ucdavis.edu/

Havens, K.E., East, T.L. Hwang, S.J., Rodusky, A.J., Sharfstein, B. and Steinman, A.D. (1999)
Algal responses to experimental nutrient addition in the littoral community of a subtropical
lake. Freshwater Biology 42, 329-344.

Heffernan J. B. and Sponseller R. A. (2004) Nutrient mobilization and processing in Sonoran

desert riparian soils following artificial re-wetting. Biogeochemistry, 70, 117-134.

26



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Heiler G., Hein T., Schiemer F. and Bornette G. (1995) Hydrological connectivity and flood
pulses as the central aspects for the integrity of a river-floodplain system. Regulated Rivers-
Research & Management, 11, 351-361.

Hein T., Baranyi C., Heiler G., Holarek C., Riedler P. and Schiemer F. (1999) Hydrology as a
major factor determining plankton development in two floodplain segments and the River
Danube, Austria. Archiv Fur Hydrobiologie, 439-452.

Hein T., Baranyi C., Herndl G. J., Wanek W. and Schiemer F. (2003) Allochthonous and
autochthonous particulate organic matter in floodplains of the River Danube: the importance
of hydrological connectivity. Freshwater Biology, 48, 220-232.

Hein T., Heiler G., Pennetzdorfer D., Riedler P., Schagerl M. and Schiemer F. (1999) The
Danube restoration project: Functional aspects and planktonic productivity in the floodplain
system. Regulated Rivers-Research & Management, 15, 259-270.

Jobbagy E. G. and Jackson R. B. (2000) The vertical distribution of soil organic carbon and its
relation to climate and vegetation. Ecological Applications, 10, 423-436.

Joint 1., Henriksen P., Fonnes G. A., Bourne D., Thingstad T. F. and Riemann B. (2002)
Competition for inorganic nutrients between phytoplankton and bacterioplankton in nutrient
manipulated mesocosms. Aquatic Microbial Ecology, 29, 145-159.

Junk W. B., P. B. Bayley and R. E. Sparks (1989) The flood pulse concept in river-floodplain
systems. Canadian Special Publication in Fisheries and Aquatic Sciences, 106, 110-127.

Kadlec R. H. and Reddy K. R. (2001) Temperature effects in treatment wetlands. Water
Environment Research, 73, 543-557.

Klug J. L. (2005) Bacterial response to dissolved organic matter affects resource availability for

algae. Canadian Journal of Fisheries and Aquatic Sciences, 62, 472-481.

27



10

11

12

13

14

15

16

17

18

19

20

21

Lehmann M. F., Bernasconi S. M., McKenzie J. A., Barbieri A., Simona M. and Veronesi M.
(2004) Seasonal variation of the delta C-13 and delta N-15 of particulate and dissolved
carbon and nitrogen in Lake Lugano: Constraints on biogeochemical cycling in a eutrophic
lake. Limnology and Oceanography, 49, 415-429.

Malard F., Tockner K. and Ward J. V. (2000) Physico-chemical heterogeneity in a glacial
riverscape. Landscape Ecology, 15, 679-695.

Mitsch, W. J. and Gosselink, J. G. (2000) Wetlands. John Wiley & Sons, Publisher, 920pp.

Morris J. T. and Bradley P. M. (1999) Effects of nutrient loading on the carbon balance of
coastal wetland sediments. Limnology and Oceanography, 44, 699-702.

Mulholland P. J., Best G. R., Coutant C. C., Hornberger G. M., Meyer J. L., Robinson P. J.,
Stenberg J. R., Turner R. E., VeraHerrera F. and Wetzel R. G. (1997) Effects of climate
change on freshwater ecosystems of the south-eastern United States and the Gulf Coast of
Mexico. Hydrological Processes, 11, 949-970.

O'Connell M., Baldwin D. S., Robertson A. I. and Rees G. (2000) Release and bioavailability of
dissolved organic matter from floodplain litter: influence of origin and oxygen levels.
Freshwater Biology, 45, 333-342.

Phoenix 800 user manual. 1998. Tekmar-Dohrmann. http:// www.tekmar.com.

Poe A. C., Pichler M. F., Thompson S. P. and Paerl H. W. (2003) Denitrification in a constructed
wetland receiving agricultural runoff. Wetlands, 23, 817-826.
Rejas D., Muylaert K. and De Meester L. (2005) Phytoplankton-bacterioplankton interactions in

a neotropical floodplain lake (Laguna Bufeos, Bolivia). Hydrobiologia, 543, 91-99.

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Reilly J. F., Horne A. J. and Miller C. D. (2000) Nitrate removal from a drinking water supply
with large free-surface constructed wetlands prior to groundwater recharge. Ecological
Engineering, 14, 33-47.

Robertson A. 1., Bacon P. and Heagney G. (2001) The responses of floodplain primary
production to flood frequency and timing. Journal of Applied Ecology, 38, 126-136.

Santruckova H., Bird M. 1. and Lloyd J. (2000) Microbial processes and carbon-isotope
fractionation in tropical and temperate grassland soils. Functional Ecology, 14, 108-114.

Schilling E. B. and Lockaby B. G. (2005) Microsite influences on productivity and nutrient
circulation within two southeastern floodplain forests. Soil Science Society of America
Journal, 69, 1185-1195.

Scholz O., Gawne B., Ebner B. and Ellis I. (2002) The effects of drying and re-flooding on
nutrient availability in ephemeral deflation basin lakes in western New South Wales,
Australia. River Research and Applications, 18, 185-196.

Sheibley, R. W., Ahearn, D. S., Dahlgren, R. A. (in review). Nitrate loss from a restored
floodplain in the Lower Cosumnes River, California. Hydrobiologia.

Spink A., Sparks R. E., Van Oorschot M. and Verhoeven J. T. A. (1998) Nutrient dynamics of
large river floodplains. Regulated Rivers-Research & Management, 14, 203-216.

Stark, J. M. and Hart, S. C.. (1996) Diffusion technique for preparing salt solutions, Kjeldahl
digests and Persulfate digests for Nitrogen — 15 analyses. Soil Science of America Journal.
60, 1846-1855.

Steel, R. G., J. H. Torrie and D. A. Dickey. (1997) Principles and Procedures of Statistics: A
biometric approach. McGraw-Hill, Publisher, pp. 183 - 204.

Tockner K., Malard F. and Ward J. V. (2000) An extension of the flood pulse concept.

29



10

11

12

13

14

15

16

17

18

19

20

21

Hydrological Processes, 14, 2861-2883.

Tockner K., Pennetzdorfer D., Reiner N., Schiemer F. and Ward J. V. (1999) Hydrological
connectivity, and the exchange of organic matter and nutrients in a dynamic river-floodplain
system (Danube, Austria). Freshwater Biology, 41, 521-535.

Valett H. M., Baker M. A., Morrice J. A., Crawford C. S., Molles M. C., Dahm C. N., Moyer D.
L., Thibault J. R. and Ellis L. M. (2005) Biogeochemical and metabolic responses to the
flood pulse in a semiarid floodplain. Ecology, 86, 220-234.

Van Der Lee G. E. M., Venterink H. O. and Asselman N. E. M. (2004) Nutrient retention in
floodplains of the Rhine distributaries in The Netherlands. River Research and Applications,
20, 315-325.

Vegasvilarrubia T. and Herrera R. (1993) Effects of Periodic Flooding on the Water Chemistry
and Primary Production of the Mapire Systems (Venezuela). Hydrobiologia, 262, 31-42.
Vizzini S., Savona B., Chi T. D. and Mazzola A. (2005) Spatial variability of stable carbon and

nitrogen isotope ratios in a Mediterranean coastal lagoon. Hydrobiologia, 550, 73-82.

Walls R. L., Wardrop D. H. and Brooks R. P. (2005) The impact of experimental sedimentation
and flooding on the growth and germination of floodplain trees. Plant Ecology, 176, 203-
213.

Ward J. V. and Stanford J. A. (1995) Ecological Connectivity in Alluvial River Ecosystems and
Its Disruption by Flow Regulation. Regulated Rivers-Research & Management, 11, 105-119.

Whitener K., and Kennedy T. (1999) Evaluation of fisheries relating to floodplain restoration on

the Cosumnes River Preserve. IEP Newsletter, 12 No. 3.

30



Yu, Z. S., Northup, R. R., and Dahlgren, R. A. (1994) Determination of dissolved organic
nitrogen using persulfate oxidation and conductimetric quantification of nitrate-nitrogen.

Communications in Soil Science and Plant Analysis, 25, 3161 — 3169.

31



DA W=

Tables:
Table 1. Mean (+ SE) duration and nitrate loss rates (Knos-n) of the
"N amended treatments during both experimental dates. Means

with equal superscripts within a column are not significantly
different (p>0.05).

Date Habitat le;l;tr;g:; ¢ Duration (days) (ugk’f_??r_l)
April Forest PN 16.6 +0.7° 12.6 + 0.5
SN+P 104+0.0° 20.6+<0.1°

Grass N 16.8+1.1% 12.7+0.8°

SN+P 10.7+£0.3° 203 +0.6™

July Forest PN 8.8+0.4° 204+ 1.1°
SN+P 9.1+0.1° 20.3 +0.2°

Grass BN 7.84+0.5° 2334+ 1.5°

SN+P 73+0.2° 252+ 0.6

32



1
2

3

4

Table 2. Mean (+ SE) initial orthophosphate (PO43-Pimt) and Chlorophyll-a (j»itChl-a), final Chlorophyll-a (finafChl-a), A PBD in water

column suspended solids and soils (3¢ C and 3

soil

13

C) and C:N ratio in suspended solids and soils (1ssC:N and iC:N) in all
treatments. Means with equal subscripts within a column are not significantly different (p>0.05)

Date Habitat NUmient  PO:-Puy  Chl-dwi(ppb)  Chl-ama  §.5C (%)  1CGN - 50C (%) wiCN
Treatment (mg L") (ppb)*
April  Forest ~CTR  0.07+<0.01° 5.5+0.1° 85+12°  -325+0.9° 9.5+0.1™ -253+03" 12.1+0.2°
5N 0.07 £<0.01°  4.7+03" 409+54*  27.1+09° 7.9+03 250+0.8° 123+0.3°
SN+P 1.09 + 0.06° 4.9+0.5° 474449  245+02° 10.1+03* 257406 12.0+<0.1*
Grass CTR  0.08+<0.01° 52+0.2° 84+12°  314+07° 10.1+£0.8 -255+0.5° 12.7+0.3"
5N 0.08 +<0.01° 4.9+0.1° 393422 -255+0.5® 93+0.7 -263+03° 132+0.7°
BN+P  1.07 £0.03% 5.0 +0.4° 41.0+4.6° -23.0+£03* 95+02® -262+0.1"° 12.9+0.3°
July Forest CTR  0.66+0.03° 227.6+4.0° 255.6+6.8° -243+05" 72+01% -233+1.0"° 12.8+0.7°
5N 0.73+£0.20"  2229+87° 338.1+13.3® -242+04® 75+02% 257+05® 124+02°
BN+P 249+0.14*  236.7+93°  319.0+£28.6™ -23.1+£03* 73+02% -249+02® 125+0.1°
Grass CTR  0.68+0.05* 207.4+86° 3362+265° -251+07° 63+0.19 -242+04™ 13.0+03"
5N 0.53+0.01% 239.8+16.7° 338.8+234%® 247+0.6® 74+04° -247+08®° 125+0.2°
SN+P 255+£0.11° 226.1+£92° 296.7+32.5° 234+0.9° 75+02% -248+05® 133+03"

* For comparisons of Chl-agn, across dates we used Chl-aj;; as the covariate.
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Table 3. Mean (£ SE) soil nitrogen (Soil N) and available or
exchangeable nitrogen (N x) of date*habitat treatments. Nutrient
amendments are pooled. Means with equal superscripts within a
column are not significantly different (p>0.05).

. Soil N Nsoil ex
Date Habitat (mg g'l soil) (mg g'rsoil)
April Forest 3.9+0.2° 0.37 +£0.05°
Grass 2.1+0.2° 0.39 +£0.02°
July Forest 3.7+ 0.2% 1.01 +0.03

Grass 3.0+0.2° 0.79 + 0.06°




A W —

Table 4. Mean (£ SE) soil carbon (Soil C) of
treatments during both experimental dates. Means
with equal superscripts are not significantly different

(p>0.05).
Nutrient ) Soil C

Treatment Habitat (mg g soil)
CTR Forest 49.4 +2.9°

5N 46.0 £ 4.1%°
N+P 45.6 +1.7%
CTR Grass 34.6 + 4.0%

5N 33.2+3.6™
SN+P 31.3+4.5°
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Table 5. Mean (+ SE) masses of '°N pools in nutrient amended treatments. Means with equal superscripts within a column are not
significantly different.

Nutrient

15

15
NO3—N final N

3 NO3-N initial 15 + 15 ++ 15 X 15 A
Date Habltat Tr eatment (mg) * (mg) Hok removed N (mg) TSS N (mg) soil N (mg) unacc N (mg)

April  Forest PN 6.32+0.04°  020+0.07°  0.86+(0.02"  0.38+(0.03)° 0.96+0.07° 3.93+(0.05)
PN+P  6.45+0.11° 0.0° 0.72+(0.01)°  0.49+(0.05)> 1.30+0.12°  3.94+(0.05)

Grass PN 6.22+0.07° 0.17+0.08  0.78+(0.02)®  027+(0.07)° 1.50+0.17*  3.54+(0.20)°

PN+P 648 +0.14° 0.01+<0.01* 0.71+(0.02)>  0.36+(0.03)* 0.72+0.01°°  4.67+(0.14)®
July  Forest PN 578+0.06° 0.06+0.04° 044+(0.03)° 1.15+(0.14* 028+0.10 3.85+(0.24)™¢
PN+P  5.94+0.06° 0.01+<0.01* 044+ (0.01)  0.90+(0.07)" 032+0.07 427+(0.11)"
Grass PN 5.82+0.06° 0.06+0.03*  039+(0.03)°  0.97+(0.060®  0.13+£0.09° 4.26+(0.11)™

PN+P 5.96+0.06°  0.02+0.01°  0.39+(0.02)° 0.85+(0.03)®  0.07+0.04°  4.63+(0.05)°

A
>N mass unaccounted for in our study and assumed to be denitrified (

15

" Initial (day 0) "N added to water column as NO3-"N ( o3 initiat N )-

XN incorporated into soils as biomass and exchangeable N (Soli? N).

unacc

®%
"N remaining in the water column as NOs-""N at the end of the experiment ( NO3-N ﬁnlasl N).

++ . . . L .
"N incorporated into total suspended solids - planktonic biomass + microzooplankton (Tslss N).

N).

+ . . . .
N removed from the water column over the duration of the experiment for fluorescence and nutrient analysis ( removelj N).
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Figures Legends:
Figure 1. Simplified conceptual model of water column nitrate nitrogen (NOs3-N) pools and
fluxes in a floodplain following inundation during reduced soil conditions.

Figure 2. Conceptual model of the mass balance approach to our experimental design.

vos-n i N denotes initial (day 0) "N pool in the water column as NOs-"N; o, v N is the

remaining "N pool in the water column as NOs-""N at the end of the experiment; N is the

> removed
1 . .
>N removed from the water column over the duration of the experiment for fluorescence and

nutrient analysis; o N is the '’N mass incorporated into total suspended solids (planktonic

biomass + microzooplankton); .\ N is the '°N incorporated into soil pool as biomass and

> soil

SN is the unaccounted >N mass assumed to be denitrified.

unacc

exchangeable N and

Figure 3. Mean (+ SE) field Chl-a in-vivo readings in control (CTR), "N and ’N+P amended
mesocosms with (a) Forest soils during April, (b) Forest soils during July, (¢) Grassland soils
during April and (d) Grassland soils during July.

Figure 4. Mean (+ SE) initial (day 0) and final extracted Chl-a in control (CTR), "N and "N+P
amended mesocosms with Forest (F) and Grassland (G) soil cores during (a) April and (b) July.
A (*) denotes treatments with significant (p<0.05) increase in extractable Chl- a over the
duration of the experiment are marked with a *.

Figure 5. Mean (+ SE) Orthophosphate (PO4”) concentrations over the duration of the
experiments in April and July mesocosms with (a) Forest soils and (b) Grassland soils. Since
there were no significant differences in PO,> concentrations between the control and °N only
amended treatments, for graphical purposes, the control and °N data have been pooled into a

single data series (CTR + °N).
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Figure 6. Mean (+ SE) nitrate (NOj3") concentrations over the duration of the experiments in
control (CTR), °N and "N+P amended mesocosms during April and July with (a) Forest soils
and (b) Grassland. NOj; concentrations in the control (CTR) treatments remained near detection
limits.

Figure 7. Mean (+ SE) final >N mass balance in percentages of initial (day 0) '’N mass added to

water column as NO3-""N (% NO;-""N )of (a) °N remaining in the water column as NO3-""N at

the end of the experiment (,o;_y s N), (b) °N removed from the water column over the

15
removed

duration of the experiment for fluorescence and nutrient analysis ( N), (¢) N incorporated

into total suspended solids - planktonic biomass + microzooplankton (;eq N), (d) PN

15

incorporated into soils as biomass and exchangeable N (.2 N') and (e) '’N mass unaccounted for

15
unacc

in our study and assumed to be denitrified (... N ). Bars with equal subscripts were not

significantly different (p > 0.05).
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