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Inorganic nitrogen regimes in an Alabama wetland

EMILY H. STANLEY' AND AMELIA K. WARD
Department of Biological Sciences, University of Alabama, Tuscaloosa, Alabama 35487-0206 USA

Abstract. We measured spatial and temporal patterns of inorganic nitrogen (N,) concentrations
and fluxes in surface water flowing into, within, and leaving an Alabama wetland between January
1993 and November 1994. Nutrient concentrations were extremely variable both spatially and tem-
porally and NH,-N accounted for 75-98% of all N,. The wetland was a sink for NO;-N, because
concentration and total mass were consistently lower in the stream downgradient from the wetland
than at the upstream site. In contrast, NH,-N concentrations increased downstream on 15 of the 23
sampling dates, although reduced discharge out of the wetland often resulted in a net retention of
NH,-N. Within the wetland, concentrations of N, were low and relatively homogeneous among sites
during cool, high-flow periods. During low-flow periods, NH,-N concentrations and site-to-site vari-
ance increased. Episodic increases in NH,-N concentrations were common in marsh areas, but nu-
trient pulses were dampened at downgradient open-pond sites. Porewater had significantly more N;
than surface water and was also dominated by NH,-N (often >1000 pg/L). Interstitial concentration
gradients resulted in diffusive transport of NH,-N to the surface, and likely contributed to transient
increases in NH,-N concentration in marsh habitats. Removal of N, added to benthic chambers in the
open pond was extremely rapid; 550-600 g N/L were removed from the water column in 2448 h.
Although potential uptake rates were rapid, actual rates appear to be insufficient to cause the wetland
to be a consistent N trap over time; the Talladega Wetland Ecosystem may vary from a net N;-sink

to an N-source at different times of the year or from 1 year to the next.
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Wetlands are productive and biogeochemi-
cally diverse ecosystems. Juxtaposition of
zones of high primary productivity in surface
environments and decomposition in sedi-
ments creates coupled oxygen-rich and oxy-
gen-deficient habitats for aerobic and anaero-
bic transformations of materials that pass
through them. Pools and fluxes of both nitro-
gen (N) and phosphorus (P) are strongly in-
fluenced by linkages between such oxic and
anoxic environments. Many studies of nutri-
ent cycling in wetlands have been motivated
by an interest in understanding retention abil-
ities of these ecosystems, i.e, are wetlands
sinks or sources for N and P (e.g., see reviews
by Howard-Williams 1985, Mitsch and Gos-
selink 1993)? Favored research approaches
have included the assessment of nutrient up-
take in small plots or sediment suspensions
following enrichment (e.g., Masscheleyn et al.
1992, Gabor et al. 1994) and mass balances of
nutrients in inflows and outflows (e.g., Elder
1985, DeVito and Dillon 1993).

The objective of this study was to consider
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the role of a wetland within a stream drainage
system in either increasing or decreasing flux-
es and concentrations of N in the surface wa-
ter of an N-limited ecosystem. However, rath-
er than constructing an exhaustive nutrient
budget, we focused on forms of N of signifi-
cance to algae and bacteria (i.e., inorganic ni-
trogen [N|] in surface water). We asked 2 ques-
tions: what are the effects of a wetland on
streamwater N, availability, and what are
some of the processes that either add or re-
move nitrate and/or ammonium as water
passes through the wetland? These questions
were addressed by 1) describing spatial and
temporal patterns of dissolved N, concentra-
tions and fluxes, 2) considering the potential
contribution of porewater to surface-water N
availability, and 3) determining rates of ni-
trate-N and ammonium-N removal from the
surface water of a lotic wetland in southeast-
ern USA. With this information, we hoped to
provide insight into the dynamics of a poten-
tial regulator of algal and bacterial production
(i.e., nutrient availability), and to develop a
better understanding of spatial and temporal
heterogeneity within wetlands and its possi-
ble influence on larger-scale nutrient patterns
within the stream drainage.
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FiG. 1. Map of the Talladega Wetland Ecosystem and wetland pond, Hale County, Alabama. Sampling sites
are shown by stars. Location of lysimeter sets are denoted by letters.

Study site

The Talladega Wetland Ecosystem (TWE),
Hale County, Alabama, is in the northern part
of the southeastern Coastal Plain physiographic
province (32°55'N, 87°26'W); total wetland area
is 15.1 ha and lies within a 384-ha mixed decid-
uous/ coniferous forested watershed (Fig. 1).
The wetland is fed by a low-gradient closed-
canopy stream with a broad floodplain (Site 1).
The stream grades into a transitional zone dom-
inated by a dense alder (Alnus serrulata) thicket,
and although the main stream channel remains
distinct at this site, there are extensive lateral
ponds and secondary channels. Channel defi-
nition is lost below the alder zone as water en-
ters the main wetland pond through a marsh
area either via the remnant channel (Site 2) or
through a rush zone (Site 3). Proserpinaca palus-
tris (mermaid weed) grows throughout much of
the former area in a submergent form during
cool (<20°C) winter months, but becomes emer-
gent during warm (>20°C) low-flow periods in
summer. In the rush area, stands of Juncus ef
fusus create an uneven surface of pools and
channels interspersed among emergent plant
hummocks. The pond was formed by beaver ac-

tivity ca. 50 y ago, which flooded 1.3-1.4 ha of
forest floor and left stumps and logs throughout
this habitat. The open-pond zone is dominated
by the water lily Nymphaea odorata (Site 4), ex-
cept at a limited area (Site 5) near the dam
where depth increases from ca. 20-30 cm to
>100 cm. Water exits the impoundment via sev-
eral intermittent channels that join to reform a
single main channel (Site 6) similar to the
stream above the wetland.

Stream sediments at the upstream (Site 1) and
downstream (Site 6) sites are dominated by fine
sands of moderate hydraulic conductivity
(K~10-3-10"2 cm/s) and low (0.5%) organic
matter content. These sandy parent sediments
have become mixed with clays, silts, and organ-
ic matter to form typical wetland sediments at
Sites 2-5. Sediment ash-free dry mass (AFDM)
is 3-5% organic matter and hydraulic conduc-
tivity is greatly reduced (K~10-*-10-7 cm/s)
relative to the stream sites.

Water temperature rarely declines below 3°C
in the winter or exceeds 28°C in the summer.
Average monthly temperatures at the canopied
stream sites (Sites 1 and 6) are typically 5-8°C
cooler than at wetland sites during the summer,
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Fic. 2. Pond surface area and average monthly discharge into and out of the wetland pond during 1993
1994. Discharge data were not available for all months in 1993.

and 1-2°C warmer than these same sites during
the winter. Talladega Wetland Ecosystem waters
have low alkalinity (0.05-1.0 meq/L) and con-
ductivity (8-50 uS/cm), and are weakly acidic
(pH range = 5.5-6.8).

Methods

Water temperature was recorded continuous-
ly by a series of CR-10 dataloggers with model
107B temperature probes (Campbell Company,
Logan, Utah) at Sites 1, 4, and 5. At Site 4, a
pair of probes was located in the middle of the
water column and at the sediment surface. Pre-
cipitation was monitored at a central meteoro-
logic station (Site 4) by means of a tipping buck-
et gauge. Stage was measured at 5-min intervals
with PS9104 pressure transducers (Instrumen-
tation Northwest, Inc., Redmond, Washington)
at Sites 1, 5, and 6. Discharge was calculated
from average daily stage using site-specific rat-
ing curves beginning in October and May 1993
at Sites 1 and 6, respectively.

Duplicate surface water samples were col-
lected in acid-washed polyethylene bottles
each month from January 1993 to November
1994 at all sites. When water depth was <10
cm, water was pumped directly into bottles

with a hand-held pump. Samples were im-
mediately placed on ice in the dark, taken to
the laboratory within 2 h, filtered through
pre-combusted Whatman GF/F® filters (pore
size 0.7 um), and frozen in acid-washed am-
ber polyethylene bottles for subsequent anal-
yses. Ammonium (NH,-N; Lachat method
QC# 10-107-06-1-F, detection limit = 2 ng/L,
precision = 0.96% relative SD for 50 pg/L
standard) and nitrate (NO,-N; QC# 10-107-
04-1-B for NO,-N+NO;-N but NO,-N was
never detected; detection limit = 2 ng/L, pre-
cision = 0.24% relative SD for 50 ng/L stan-
dard) were determined for thawed samples
using a QuickChem Automated Ion Analyzer
(Lachat Instruments, Milwaukee, Wisconsin).
Relationships between physical variables and
nutrient concentrations at each site were as-
sessed using Spearman rank order correla-
tions. For all other analyses, statistical tests
were performed following In-transformation
to normalize variance. Nutrient fluxes into
and out of the wetland were estimated as the
product of concentration and mean daily dis-
charge for dates on which both upstream and
downstream discharge measurements were
available.
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FiG. 3. Average streamwater NH,-N (A) and NO,-N (B) concentrations upstream (Site 1) and downstream

(Site 6) from the wetland pond during 1993-1994.

Several sets of porous-cup ceramic lysime-
ters were installed in the pond in March 1993
for porewater collection. Each lysimeter was
placed in a cored hole, backfilled with sedi-
ments, and allowed to equilibrate for 2—-4 wk
before monthly sample collection was begun.
Six sets of lysimeters were positioned along a
transect that included the terrestrial bank (set
A), the dominant inflow channel (set B), and
the rush zone (sets C, D, E and G; Fig. 1). A
7th set was put into the open, Nymphaea-dom-
inated zone (set E). Each set consisted of 4 lys-
imeters inserted 30, 60, 90, and 120 cm into
the sediments. Residual water was removed

from lysimeters 24 h before collection and lys-
imeters were placed under vacuum (0.4 atm)
for sample collection the following day. Inter-
stitial water was pumped into acid-washed
amber polyethylene bottles and immediately
placed on ice. Overlying surface water was
also collected if it was present within 0.5 m of
the lysimeter set. Sample processing and de-
termination of NH,-N and NO,-N concentra-
tions were the same as for surface water sam-
ples described above. Because of non-inde-
pendence of data from each lysimeter and
missing data scattered among different sites
and dates, a repeated measures analysis of



