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INTRODUCTION
Wetlands are a common feature in floodplain ecosystems and are 
known to aid in flood control, act as land buffers to prevent erosion, 
improve water quality by filtering nutrient-laden sediments, and 
provide a habitat for unique species of plants and animals (Welsch 
et al., 1995; Yu et al., 2015). They are also important breeding sites 
for amphibians and critical foraging locations for reptiles and birds 
(Semlitsch, 2008; Yu et al., 2015). Since they are found in transi-
tional areas between aquatic and terrestrial ecosystems, floodplain 
wetlands are largely influenced by rivers and streams (Tockner 
and Stanford, 2002). Ecological communities that depend on these 
wetlands are limited by their ability to live in seasonally saturated 
conditions and are directly impacted by the dynamic hydrology of 
the wetlands. Since the wetland’s hydrology dictates its ecology, 
soil type, and community composition, understanding the process-
es that drive water level changes in these areas is crucial for devel-
oping management strategies of watersheds that contain wetlands 
(Stratman, 2002). More research that solely focuses on the hydrol-
ogy of floodplain wetlands is needed to supplement and enhance 
what is already known biologically (Connor & Gabor, 2006).
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In contrast to other wetland types such as glacial or coastal 
wetlands, fluvial or floodplain wetlands tend to have hydroperiods 
that correspond to stream discharge (Kirkman et al., 1999). A hy-
droperiod is a seasonal pattern of surface water levels that affects 
the storage capacity and the water budget of the wetland; they are 
directly influenced by precipitation, the area’s microtopography, 
and surface-groundwater interactions (Welsch et al., 1995; Yu et 
al., 2015). Since hydroperiods drive the biota and biogeochemical 
processes of a wetland, it is important to characterize and monitor 
them seasonally (Kingsford, 2000; Kirkman et al., 1999). 

Seasonal floodplain wetlands occur throughout the Piedmont 
Region of South Carolina (Yu et al., 2015). They are characterized 
by their small area, depressional topography, and shallow depth 
(Hayashi & van der Kamp, 2000). Although the geomorphic ori-
gin of floodplain wetlands varies throughout the world, land use 
changes tremendously impact a region’s topographical character 
and function (Pitt et al., 2012). Extensive soil erosion during the 
agricultural period, from mid-1700s until mid-1900s, had caused 
the Piedmont floodplains to accrete significantly with an average 
of 1m to 2m (Happ, 1945). This accumulation of deposited sand 
and micaceous sandy silt has altered the area’s microtopography 
and natural flood regime (Happ, 1945). 

Such is the case with the Lawson’s Fork creek, a third or-
der stream that discharges into the Pacolet River downstream of 
Glendale, South Carolina (USGS-SC #02156300). Glendale was 
the location of the earliest textile mill in this region of the Pied-
mont and operated from 1832 to 1960. Historic Records indicate 
that a dam was present at Glendale since the 1830s. After the mill 
ceased its operation in 1960s, the dam was no longer regulated. 
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Over time, the 22.3-hectare mill pond has been filled in with del-
taic sediments, initially transforming the mill pond into a network 
of distributary channels and islands, which were eventually filled 
in to become a forested floodplain with seasonal wetlands. 

Two neighboring, seasonal wetlands in the Lawson’s Fork 
floodplain, named Beaver and Dragonfly for the purpose of this 
study, have an observable impact in the area ecologically. How-
ever, little is known about their hydrology. Beaver wetland mea-
sured 1.9 acres in area in May 2015, and is depressed 0.6m below 
the surrounding floodplain. An ephemeral stream on the north side 
of the wetlands feeds it during inundated conditions. Vegetation 
is seasonally variable, consisting mainly of water starworts and 
duckweed in the winter months, and blue joint grass, broadleaf 
arrowhead, wild proso millet, nut grasses and marsh ferns in the 
spring/summer months. Scattered hardwood deciduous trees, such 
as river birch and sweet gum, persist year-round. Dragonfly wet-
land measured 2.35 acres in May 2015. Seasonal vegetation is 
similar to that described for Beaver wetland. 

Small fluvial wetlands like Beaver and Dragonfly are largely 
overlooked and understudied, in part due to their small size, the 
difficulty associated with their delineation, and their transient na-
ture (Pitt et al., 2012). Previous research on seasonal floodplain 
wetlands has focused on understanding their roles in water quality 
and purification, their potential as a habitat, and the pertinence of 
including them in conservation legislation (Coleman, Diefender-
fer, Ward, & Borde, 2015; Pitt et al., 2012; Yu et al., 2015). Few 
studies have focused solely on their hydrology. Thus, the purpose 
of this study was to better understand the impacts of land use 
change and seasonality on the hydrology of the area. Our main 
objective was to observe the response of Beaver and Dragonfly 
to rainfall events and groundwater, and to evaluate the seasonal 
patterns of inundation and subsequent water efflux over a twelve-

month period. Due to the geographical proximity between Beaver 
and Dragonfly, we proposed that their water levels would fluctu-
ate similarly in response to temperature changes and storm events. 
We also expected the groundwater to recharge the surface during 
seasonally dry periods. Through analysis of wetland water levels, 
stream gage readings for storm events, groundwater monitoring, 
and sediment characterization, this study provides key baseline 
data for the long-term management of these riverine wetlands, and 
other riverine wetlands around the world. A recent study in South-
east Australia found that floodplain wetlands could act as long-
term sinks of atmospheric carbon, suggesting that they may play 
a role in alleviating the effects of climate change by sequestering 
CO2 (Kobayashi, Ralph, Ryder, & Hunter,2013). Proper manage-
ment of seasonal floodplain wetlands and a thorough understand-
ing of their hydrological regime could enhance their function as a 
sink for CO2, and as critical hubs for biodiversity. Understanding 
their hydrology is a crucial step towards creating a comprehen-
sive plan to ensure their future survival. Locally, the Spartanburg 
Area Conservancy is currently building a hiking trail adjacent to 
the Lawson’s Fork Creek and the two wetlands. The findings of 
this study will have a direct impact on the management of the area 
by restricting trail usage when heavy storms are expected to hit the 
watershed, thus contributing to the trail’s success and the safety of 
the hikers.

METHODS
Field Site
This research was conducted in the Lawson’s Fork Creek water-
shed in Glendale, SC (34.9450° N, 81.8364° W). The Lawson’s 
Fork feeds into the Pacolet River in the upstate of South Caro-
lina (Figure 1). The study site contains two neighboring wetlands, 
named Beaver and Dragonfly for the purpose of this study. They 

Figure 1. ESRI generated map of Lawson’s Fork Creek and the town of Glendale.  The red mark indicates the location of the USGS stream gage (USGS #02156300). 
The blue marks indicate the location of the neighboring wetlands, designated as Beaver and Dragonfly for the purpose of the study. Map of South Carolina in bottom 
right corner indicates the location of Spartanburg County.
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were chosen due to their size, proximity to the Lawson’s Fork 
creek (Figure 1), and their location downstream of a USGS stream 
gage (USGS #02156300). The wetland downstream and closest to 
Glendale was designated as “Beaver,” while the wetland upstream 
was designated as “Dragonfly” (Figure 1).

In this study, the Army Corps of Engineers’ definition of a 
wetland was used. It is defined as an area inundated or flooded by 
surface or groundwater that supports vegetation and fauna adapted 
to saturated soil conditions (Corps of Engineers Wetlands Delinea-
tion Manual, Technical Report Y-87-1, 1987). This definition was 
chosen because it is used by the Clean Water Act for regulatory 
and management purposes. However, due to the dynamic nature 
of the wetlands’ hydroperiod, delineating a specific boundary for 
each wetland was difficult. The functional boundaries used in this 
study were delineated when standing water was present in May 
of 2015, and the boundary was defined at the edge of the ponded 
water. Thus, the wetland boundary may be an underestimate. The 
Fish and Wildlife Service (FWS) delineation of the area was used 
as a template boundary (Figure 2). Google Earth Pro was used to 
plot waypoints on the FWS map, then those points were ground-
truthed by physically walking the wetland perimeter. If the way-
point on the FWS map matched the boundary of standing water in 

Figure 2. Google Earth map derived from Fish and Wildlife Service wetland 
delineation database. Yellow outline represents area of Glendale Mill pond in 
1921. Turquoise area represents delineated outer boundary of wetlands, based on 
FWS delineation. Circle on the right refers to the Beaver Wetland, circle on the 
left refers to the Dragonfly wetland.

Figure 3. Total monthly rainfall in 2015 and 2016. Data extracted from the Glendale weather station. Numbers above bar show total monthly rainfall, and error bars show 
standard error. Data reported in inches.
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the field, then it was recorded as “present”. If the waypoint was not 
accurate, it was marked as “absent” and the GPS coordinates were 
recorded at the observed water boundary (Figure 2).
Wells and Piezometer
To monitor the water levels, a PVC pipe which is 1.5m in length, 
2.54cm in diameter, and screened all the way to the top was in-
stalled in each wetland. The wells were protected by a synthetic 
sock to keep out plant material and fine sediments. Both wells 
were implanted into roughly 1m of sediment. Each well was 
equipped with a water level logger (Solinist Canada Ltd., Ontario) 
hanging from a metal wire attached to a metal cap. A barometric 
pressure logger (Solinist Canada Ltd., Ontario) was installed on a 
nearby tree in Dragonfly wetland, approximately 5m away from 
the well, to monitor the surrounding air pressure. Water level and 
barometric pressure data were collected from May 29, 2015 to 
May 14, 2016 at 15-minute intervals. The water level data were 
downloaded and compensated for pressure using Solinist Level-
ogger software. Water level was measured in meters to the near-
est hundredth. A Welsch two sample t-test was used to determine 
the differences in water level means. Test was performed using R 
software.

Rainfall data was collected at the Glendale weather station, 
and analyzed for 2015 and 2016. Total rainfall in each month was 
plotted and compared in a bar graph (Figure 3). Gage height data 

from a major storm event in October 2015 were extracted from 
the USGS stream gage database. The data were compared to the 
water levels in each wetland during a four-day storm event, from 
October 2 to October 6, 2015, and a Welsch two-sample t-test was 
performed in R. 

A piezometer was installed at a depth of 2m in the Dragon-
fly wetland (Solinist Canada Ltd., Ontario). Piezometers measure 
the pressure head of groundwater at a specific point. In relation 
to other water level measurements, they indicate the direction of 
groundwater flow (Dodds & Whiles, 2010). Piezometer water lev-
els were monitored in relation to the well in Dragonfly, and the 

Table 1. Percent sand, silt, and clay for each sediment interval, determined using 
a LaMotte Soil Texture Unit. The hydraulic conductivities are estimated according 
to percentages of sand, silt, and clay.

Core 
Interval

Sand 
(%)

Silt 
(%)

Clay 
(%)

Description of 
sediment

Estimated 
Hydraulic 

Conductivity 
(cm/s)

0-6 cm 53 40 7 Clay, sandy silt 10-8

6-10 cm 60 40 0 Sandy silt 10-7

10-15 cm 80 33 0 Clayey sand 10-4

15-21 cm 73 27 0 Silty, fine sand 10-3

Figure 4. Water level fluctuations (m) and Temperature (C) from May of 2015 to May of 2016. Blue line indicates the Dragonfly wetland, and red line indicates 
the Beaver wetland water levels (primary vertical axis). Green line indicates Temperature in C (secondary vertical axis).
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direction of groundwater flow was determined. Water levels were 
measured manually using an electric water level meter six times 
between May and October of 2015 (Solinist Canada Ltd., Ontario). 
For analysis, the times when water levels were recorded in the 
piezometer were matched to the closest 15-minute interval in the 
well water level logger. Statistical analysis of water levels and pi-
ezometer readings was performed in R.
Sediment Analysis
Due to hunting season restrictions, only a single sediment sam-
ple was collected in the Beaver wetland using a universal core 
head sediment sampler (WaterMark®, Canada), chosen because 
it is specifically designed for saturated, fine sediments. A total of 
0.55m of sediment was recovered. The sediments were separated 
into four observable segments (or depositional layers), weighed, 
and dried for 3 days. A LaMotte Soil Texture Kit (LaMotte Com-
pany, Maryland, USA) was used to determine, via precipitation, 
the percentage of sand, silt and clay by volume and weight for each 
segment of the core. The hydraulic conductivity of each segment 
was then estimated based on a table of values published in Ground 
and Surface Water Hydrology (Figure 3.7; Mays, 2012).

RESULTS
Wetland Water Levels and the Storm Event in October 2015
Results show that water levels in each wetland fluctuate season-
ally in response to rainfall events and temperature changes (Fig-
ure 4). While water levels in Dragonfly and Beaver appear to re-
spond similarly to rain events, as shown by the overlapping spikes 
(Figthe ure 4), mean water levels during the twelve-month period 
were found to be significantly different (M = 0.52±0.004, SD = 
0.411; M = 0.584±0.005, SD = 0.320, p < .001, df = 61448). An 
inverse relationship was observed between the changes in water 
levels and the changes in temperature during the year from 2015 
to 2016 (Figure 4). 

During the October 2015 overbank-flooding event, wetland’s 
water level fluctuations reflected the pattern of water level peaks 
and lows in the stream (Figure 5). Water levels in the wetlands 
ranged from 0.5m to 0.95m (Dragonfly: M = 0.838±0.004, SD = 
0.091; Beaver M = 0.749±0.005, SD = 0.118), while water levels 
in the stream ranged from 1.5m to 4.5m (M = 2.593±0.038, SD 
= 0.829). Peak discharge was approximately 13.0ft3/sec (0.37m3/
sec) on October 3, which is also the day in which the highest wa-
ter levels in the well of each wetland were recorded (0.93m in 
Dragonfly, 0.87m in Beaver). Water levels in the Dragonfly’s well 
remained higher than those of the Beaver’s well for the duration 
of the storm event, and their means were significantly different (p 
< .001) (Figure 5). A significant difference was also found in the 
mean water levels of both wetlands when compared to the stream 
gage mean water levels (p < .001) (Figure 5).
Total Monthly Rainfall
October and November were the wettest months of 2015, while 
February and August were the wettest months of 2016 (Figure 3). 
October 2015 was unusually wet, with a total rainfall of 8.85in 
(22.5cm). Total rainfall during the four-day October storm event 

was 3.35in (8.5cm). October 2016 was unusually dry, with a total 
rainfall of only 0.64in (1.6cm). No seasonal pattern of rainfall was 
found between 2015 and 2016.
Piezometer Readings
Water levels in the piezometer were measured six times during the 
twelve-month study period and compared to the water levels in 
Dragonfly (Figure 6). When the wetland was ponded, water levels 
in the Dragonfly’s well were above 0m. It was found that water 
levels in the piezometer were lower than water levels in the well: 
0.75m in the well and 0.63m in the piezometer in June 2015. When 
water levels in the Dragonfly’s well were either approaching 0m or 
below 0m, it was found that water levels in the piezometers were 
higher than the bottom of the dry well, which is 0.02m. No signifi-
cant differences were found between the wetland and piezometer 
water levels (M = 0.422±0.169; M = 0.487±0.117; p = .373).
Sediment Analysis
Estimations of the hydraulic conductivities according to amounts 
of sand, silt and clay in each sediment interval are given in Table 
1 (Mays, 2012). The sediment intervals [10-15cm] and [15-21cm], 
which contained a higher percentage of sand, had the highest hy-
draulic conductivity. The sediments at the top of the sediment in-
terval and closest to the surface, [0-6cm], were composed mostly 
of silty clay and is therefore estimated to have a lower hydraulic 
conductivity (Table 1).

DISCUSSION
Due to the geographical proximity between Beaver and Dragonfly, 
we hypothesized that their water levels would fluctuate similarly 
in response to temperature changes and storm events. We also ex-
pected the groundwater to recharge the surface during seasonally 
dry periods. The study suggests that the type, duration, and in-
tensity of rainfall events were key components driving wetland 
water level changes during each season. Rainfall in 2015 and 
2016 varied monthly and no pattern could be deduced, suggesting 
that rainfall in this area is variable (Figure 3). The October 2015 
overbank-flooding event was not repeated in October of 2016, and 
occurred instead in the early August of 2016 (USGS, NWISD). 
The ecological community of each wetland depends on this influx 
of water; differences in timing of annual overbank events direct-
ly impact the phenology of the organisms that require a ponded 
wetland for their ecological need (Pitt et al., 2012). High volume 
rainfall events that result in overbank flooding carry nutrient-lad-
en sediments that make the soil extremely fertile when deposited 
in wetlands (Welsch et al., 1995). Seasonal plants are adapted to 
these highly variable conditions, and their establishment depends 
on these overbank-flooding events and seasonal rain events (Tock-
ner Malard, & Ward, 2000). Although excluded from this study, 
rainfall and temperature changes also contribute to the rates of 
evapotranspiration, which in turn, impact the water levels in each 
wetland (Kirkman et al., 1999; Yu et al., 2015).

Lawson’s Fork’s stream discharge during the October 2015 
storm event exhibited a flashy hydroperiod with characteristic 
peaks fluctuating up and back down in hours (Figure 5). Although 
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Figure 5. Lawson’s Fork Creek Gage height (m) and wetland water levels (m) during the October 2, 2015-October 6, 2015 storm event. Blue line is the gage height, and 
peaks reflect the height of the stream at a particular point in time during the event (primary vertical axis). Red line indicates water levels in Dragonfly, and green line 
indicates water levels in Beaver (secondary vertical axis).

Figure 6. Water levels in the piezometer (red line) compared to water levels in the Dragonfly well (blue line) between May and October of 2015. Water levels are in 
meters. Error bars show standard error.
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the graph visually depicts that Beaver and Dragonfly water lev-
els are fluctuating similarly, results show that mean wetland water 
levels are significantly different during the storm event (Figure 5). 
While we expected wetland water levels to differ from Lawson’s 
Fork’s water levels, a statistical difference in the mean water levels 
of Beaver and Dragonfly during the storm event was surprising, 
and indicates that the wetlands respond differently to over-bank 
flooding events, which rejects our original hypothesis. Despite 
their geographical proximity, this difference in response could 
largely be attributed to the size of the wetlands. Dragonfly has a 
greater surface area, and thus maintained a higher water level than 
Beaver during the storm event. A larger basin allows a wetland 
to store more water, thus increasing its water level over time. A 
second explanation for why our hypothesis was not supported is 
the presence of an ephemeral stream north of the Beaver wetland. 
Ephemeral streams are common in floodplain wetlands, and can 
act as regulatory mechanisms for controlling the size and extent of 
a wetland (Junk, Bayley, & Sparks, 1989). Pitt et al. (2012) also 
found that seasonal wetlands in the Piedmont region are associated 
with ephemeral or non-permanent streams, and actually confound 
remote sensing instrumentation. This outflow of water is likely to 
be contributing to the water level differences during large storm 
events. 

Higher water levels in the Lawson’s Fork creek when com-
pared to the wetlands can be explained by a floodplain wetland’s 
hydroperiod, which typically tends to be prolonged (Figure 5). 
Since wetlands act as flood storage basins, they tend to have longer 
response times and lower peak stormflows (Welcsh et al., 1995). A 
lower peak in the wetland water levels was observed when com-
pared to the USGS gage height in Lawson’s fork, indicating that 
Beaver and Dragonfly wetlands aid the floodplain in flood control, 
and regulate the influx of water during overbank events (Figure 5). 
A lower peak in wetland water level could also be explained by the 
area’s depressional topography, which could be slowing down the 
rate at which water inundates each wetland, causing the peak to 
culminate at a slower rate. 

Beaver’s lower water levels than Dragonfly’s during and after 
the October 2015 storm event may be due to the presence of an 
ephemeral stream north of the Beaver wetland. Not only could this 
stream contribute to the differences in response to storm events, as 
discussed above, it may also be subsidizing water in Beaver and 
regulating how much water that can be stored in the wetland. This 
water outflow may act as a regulatory mechanism for the wetland’s 
water levels, providing an outlet for flood waters that is not present 
in Dragonfly wetland (Welsch et al., 1995). 

While Beaver and Dragonfly wetlands responded similarly to 
rainfall events of low intensity, they ponded at different rates af-
ter the major storm event in October of 2015 (Figure 4 & Figure 
5). Dragonfly ponded rapidly, while Beaver ponded more slowly 
and maintained relatively lower water levels than Dragonfly af-
ter the storm event. One possible explanation is that Beaver and 
Dragonfly may differ in storage capacity, determined by how well 
the soils drain and the micro-topography of the area (Welcsh et 

al., 1995). Dragonfly is at a slightly higher elevation compared 
to Beaver, so the lag time in Beaver’s inundation could be due to 
the fact that the wetlands are hydraulically connected. When the 
Dragonfly wetland reached a certain threshold of inundation, water 
runs off. This outflow of water becomes the inflow into the Beaver 
wetland. Since water flows from high to low elevation, the delay 
in inundation of Beaver could be attributed to this difference in 
elevation. Beaver’s and Dragonfly’s possible hydraulic connection 
could have important ecological implications, such as the habitat 
expansion of aquatic wildlife by creating a channel that allows for 
movement between wetlands, enhance spore or seed dispersal of 
plants, and can increase the water’s nutrient availability (Weber, 
2012; Welcsh et al., 1995). 

 Along with surface water dynamics, it was inferred that 
groundwater played a significant role in the wetlands during sea-
sonally dry periods. While results showed that groundwater levels 
were higher in the piezometer than in the Dragonfly well when the 
wetlands were dry, a lack of significant differences between pi-
ezometer water levels and Dragonfly water levels indicate that the 
differences were likely to be due to chance and/or a small sample 
size. Higher water levels in the piezometer relative to water lev-
els in the well suggest that groundwater is recharging the surface 
water, while higher water levels in the Dragonfly well relative to 
levels in the piezometer indicate that surface water is probably also 
recharging the groundwater, suggesting that groundwater flows 
toward the wetland and recharges the surface during dry periods 
(Leopold, 1997). With a larger sample size, we would expect to 
conclude that groundwater recharge possibly kept the soil moist 
and the root zone fertile, sustaining large amounts of seasonal 
grasses and other plants during the hot summer months (McCar-
thy, 2005). 

In this study, the hydraulic conductivity of the sediments in-
creased with depth, which is typical in wetland soils (McCarthy, 
2005). Clay sediments, which were found mostly at 0cm to 6cm 
below the ground surface, are finer in grain and more tightly com-
pacted, causing them to retain water due to their low permeabil-
ity and high microscale porosity. From 6cm to 21cm below the 
ground surface, the sediments tended to be silty sands, which have 
a higher hydraulic conductivity due to larger pore space between 
grains (Table 1). Since clay sediments have a smaller pore size 
between grains, the sediments retained more water near the surface 
and drained better with increasing depth. 

Due to the use of only one piezometer, more research involv-
ing multiple piezometers is needed to quantify and clarify the 
role of groundwater in these neighboring wetlands. Quantifying 
and modeling water table configurations with a small sample size 
can lead to highly variable data, and produce inconclusive results 
(Rosenberry & Winter, 1997). The lack of significance found in the 
groundwater measurements is likely due to a small sample size. 
For this reason, a lateral transect of multiple piezometers covering 
areas in and between each wetland, as well as frequent measure-
ments for a longer period of time, are needed to get a more holis-
tic understanding of the role of groundwater in these wetlands. A 
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second source of error is the possible underestimation of wetland 
size. The defined boundary includes only where standing water 
was present during that particular day when the observation was 
made, and not at the point where hydric soils, which are soils 
formed under conditions of saturation, transition into land. Thus, 
the area of each wetland is possibly larger. A final source of error 
is that the sediment analysis came from a single soil sample in 
Beaver wetland. A second soil sample from Dragonfly wetland, 
as well as one between the wetlands, is needed in future studies 
to determine whether or not the differences in soil characteristics, 
such as moisture and hydraulic conductivity, impact the results of 
this study. More soil samples across the wetlands could potentially 
explain how and if groundwater recharges the wetlands. Therefore, 
a future study of groundwater would incorporate a more in-depth 
soil study to supplement the data. 

The results found in this study are not only informative on a 
local scale, but can be applied and expanded to floodplain wet-
lands across the Southeastern USA. Due to the high variability of 
rainfall events from year to year in the upstate of South Carolina, 
annual flood frequencies are difficult to be estimated (Feaster & 
Tasker, 2002). This study is a starting point for further research 
into the response of surface and groundwater in wetlands, the in-
fluence that seasonality has on water influx, the effects of evapo-
transpiration rates on wetland water level, habitat heterogeneity, 
and the protection or management of small floodplain wetlands. 
Long term study of these wetlands, as well as other riverine wet-
lands in the Southeast and the world, can lead to a more informed 
management of these dynamic areas. Future studies should focus 
on characterizing the ecological community of the wetlands, quan-
tifying the role of groundwater, evaluating the role of evapotrans-
piration, and monitor wetland water levels long term to determine 
flood frequency rates.
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