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Geomorphic characteristics of small seeps and fens
in a glaciated landscape
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Abstract: Stratigraphic slope wetlands result from discharging ground water and can be found anywhere in dissected landscapes. Both seeps and fens
are stratigraphic slope wetlands and the difference between the two in the Midwestern USA is not always clearly defined. Geomorphic features of 30
stratigraphic slope wetlands in Muscatine County, lowa were measured using global positioning system and geographic information system technology.
One-way ANOVA was used to test the hypotheses that the area, elevation, and/or slope would be significantly different between seeps and fens of diffe-
ring parent material. The results suggest that fens and seeps are geomorphically indistinguishable from one another.
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Introduction

In the broadest sense, wetlands can be defined as ecosys-
tems that occur at the boundary between aquatic and ter-
restrial environments (Cowardin et al. 1979, Keddy 2010).
As aresult, they are typically regarded as features of flat or
lowland topography (Mitsch and Gosselink 2000, Zedler
and Kercher 2005, Kolka and Thompson 2012). Howe-
ver, wetlands can occur on slopes and slope wetlands are
a common component of many landscapes (Winter 1988,
Roulet 1990, Mausbach and Richardson 1994, Mitsch and
Gosselink 2000, Rosenblatt et al. 2001, Tiner 2003, Zedler
and Kercher 2005, Mitsch and Gosselink 2011, Kolka and
Thompson 2012). In the United States slope wetlands are
classified into two distinct forms; topographic slope we-
tlands and stratigraphic slope wetlands. Topographic slope
wetlands are a result of concave landscapes that converge
water, they often occur at the headwaters of streams and
drainages. In the United States stratigraphic slope wetlands
(hereafter SSW5s) are a result of discharging ground water
and can occur anywhere in dissected landscapes (Richard-
son and Brinson 2001). SSWs can be found at the base of
slopes or further up the slope at a seepage face where gro-
undwater discharges to the surface (Brinson 1993, 2009).
Although all wetlands may have a groundwater com-
ponent, most (including topographic slope wetlands) have
precipitation or surface water based hydrologic regimes

(Brinson 1993, Smith et al. 1995, Zedler and Kerch-
er 2005). SSWs on the other hand have almost entirely
groundwater dependent hydrologic regimes (Carter 1986,
Winter 1988, Roulet 1990, Brinson 1993, Smith et al.
1995, Mitsch and Gosselink 2000, Richardson and Brin-
son 2001, Zedler and Kercher 2005, Mitsch and Gosselink
2011). This local groundwater discharge can supersede
climatic conditions as the primary force behind wetland
development (Semeniuk and Semeniuk 1995). SSWs are
naturally isolated ecosystems (Amon et al. 2002, Bedford
and Godwin 2003, Tiner 2003). This natural isolation can
result in uniquely diverse plant communities (Weakley
and Schafale 1994, Klijn and Witte 1999, Amon et al.
2002, Bedford and Godwin 2003, Leibowitz 2003, Dig-
gelen et al. 2006) which can increase the beta diversity
within a landscape (Brinson 1993, Weakley and Schafale
1994, Mitsch and Gosselink 2000), making SSWs impor-
tant sites for local and even regional biodiversity (Lei-
bowitz 2003, Tiner 2003).

In the Midwestern United States SSWs have been
referred to by a multitude of terms (Table 1). The most
commonly used term is “seep”, however the term “fen” is
also used frequently. Fens are often cited as an example
of a slope wetland (Brinson 1993, Smith et al. 1995, Brin-
son 2009). Fens are typically defined as wetlands that are
dominated by herbaceous forbs and non-emergent grass-
es and sedges, with a groundwater dependent hydrologic
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Table 1. Terminology used to describe stratigraphic slope wetlands in the Midwestern United States

Term Location (State) References®
bog Illinois Gates (1912)
Indiana Homoya (1984)
Towa Nekola and Lammers (1989)
fen Towa Thompson et al. (1992)
Kansas Lauver et al. (1999)
Minnesota Almendinger and Leete (1998)
Ohio Andreas (1985)
Wisconsin Curtis (1971)
hanging bog Iowa Herzberg and Pearson (2001)
Wisconsin Curtis (1971)
hillside bog Towa Nekola and Lammers (1989)
hillside fen Ohio Bohrer et al. (2004)
hillside marsh Illinois Henry et al. (1978) and previous authors
hillside seep Illinois Ebinger (1978), Henry and Scott (1984)
Indiana Ebinger and Bacone (1980)
lowa Herzberg and Pearson (2001)
perched bog Wisconsin Curtis (1971)
prairie fen Illinois Moran (1981)
Missouri Orzell and Kurz (1986)
seep llinois McClain et al. (2008) and previous authors
Towa Nekola and Lammers (1989)
Kansas Lauver et al. (1999)
Nebraska Kaul et al. (1988)
Ohio Mack (2009)
seep fen Missouri Orzell and Kurz (1986)
seep spring Indiana Homoya (1984)
spring fen lowa Nekola and Lammers (1989)

3Selected references include only those that described at least some of the wetlands as being located on slopes or hillsides

regime and a carbon accumulating substrate such as peat
or marl, and in a landscape position that rarely experienc-
es inundation (Thompson et al. 1992, Amon et al. 2002,
Bedford and Godwin 2003). In the state of lowa the ma-
jority of fens are SSWs, being found along the sides of
stream-valley slopes (Thompson et al. 1992, Thompson
and Bettis 1994).

There is some ambiguity on the definition of a fen
however (Bridgham et al. 1996, Bedford and Godwin
2003, Diggelen et al. 2006). Many definitions make refer-
ence to fens as peatland ecosystems (see Bridgham et al.
1996, Amon et al. 2002, Bedford and Godwin 2003, and
Diggelen et al. 2006 for reviews). This concept is likely
the result of a preponderance of literature on fens originat-
ing from northern areas where peat is a common feature
of the landscape (Bedford and Godwin 2003). The classi-
fication of fens as peatland ecosystems may not be whol-
ly applicable to Midwestern fens however. For example,
both Midwestern fens and seeps can include an assort-
ment of both organic and inorganic substrates (Phipps and
Speer 1958, Ebinger and Bacone 1980, Homoya 1984,
Amon et al. 2002). Fens have also been documented on
mineral substrates in both North America and Europe
(Nekola 1994, Halsey et al. 1998, Wheeler and Proctor
2000, Bedford and Godwin 2003, Diggelen et al. 2006). It
has been suggested that the presence of peat should not be
included in the definition of a fen (Nekola 1994, Wheeler
and Proctor 2000, Bedford and Godwin 2003).
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Fens have also been defined based on the presence of
specific plant communities or indicator species (Bridgham
etal. 1996, Amon et al. 2002, Bedford and Godwin 2003).
However, this definition is also problematic. The unique-
ness of Midwestern fens specifically has resulted in dis-
tinct plant assemblages (Pearson and Leoschke 1992,
Amon et al. 2002, Bedford and Godwin 2003) that make
it nearly impossible to classify any anticipated plant com-
munity or individual species as an indicator of a Midwest-
ern fen ecosystem (Amon et al. 2002). Fens are dominated
by sedges (Cyperaceae), grasses and herbaceous plants
(Amon et al. 2002, Bedford and Godwin 2003). However,
communities composed of these types of plants are not
exclusive to fens; in other areas of the country they can
dominate other groundwater wetlands as well (e.g. Gos-
lee et al. 1997). In the Midwest the use of vegetation as
a means of identifying fens is further complicated by the
fact that fens and seeps have many of the same species
in common (Eilers and Roosa 1994, Bowles et al. 2005).

Perhaps the only universally accepted factor in the
definition of a fen is that their hydrology is groundwa-
ter based (Mausbach and Richardson 1994, Amon et al.
2002, Bedford and Godwin 2003, Diggelen et al. 2006).
Groundwater based hydrology is not unique to fens how-
ever. Hydrology is the driving force behind wetland for-
mation and maintaining the wetland environment (Carter
1986, Leibowitz 2003, Skaggs et al. 1994) and similar
hydrologic environments can result in similar vegeta-
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tive communities across multiple landscape formations
(Grootjans et al. 2006), potentially blurring the line be-
tween fens and seeps. All SSWs, regardless of their plant
community and substrate, are ground water dependent
ecosystems (Carter 1986, Winter 1988, Shaffer et al.
1999, Cole et al. 1997, Cole et al. 2002, Bedford and God-
win 2003), and with the exception of fens, they have rare-
ly been studied (Roulet 1990, Whigham and Jordan 2003,
Stein et al. 2004). In some areas of the glaciated Midwest
SSWs often occur along similar topographic elevations,
are similar in size, and tend to be dominated by the same
plant species, regardless of whether they are considered
fens or seeps (personal observation). The purpose of this
study was to determine if there were any geomorphologi-
cal differences that distinguish those SSWs recognized as
fens from those that are considered seeps.

Methods

Thirty SSWs in Muscatine County, lowa were selected for
this study. The 30 sites were found by a combination of
accidental discovery, conversations with landowners, and
field verification of suspected sites that had been obse-
rved on aerial photographs. The first site was discovered
in 2010 and the most recent in 2012. All 30 sites were
privately owned. A review of relevant literature found that
none of the 30 sites had been previously documented. All
sites were located in a finger of the Southern lowa Drift
Plain landform region that occurs between the lowa-Ce-
dar Lowland and Mississippi River Alluvial Plain land-
form regions in southeastern Iowa (Prior 1991) (Fig. 1).
The Southern Iowa Drift Plain is an old (500,000 yr. BP),
dissected glacial landscape with a loess surface underlain
by glacial till (Prior 1991).

All 30 SSWs were open (i.e., no woody vegetation or
overstory canopy cover) and were the result of seepage
faces situated at upper elevations on the slope. All sites
met the vegetative and hydrologic requirements in most
accepted definitions of a fen; i.e., dominated by non-emer-
gent graminoids and forbs, possessing a groundwater based
hydrology that maintained saturation in the root zone for
most of the year, and located at a point on the landscape
that did not experience inundation (Thompson et al. 1992,
Amon et al. 2002, Bedford and Godwin 2003). Average
annual precipitation for Muscatine County is 86.4 cm (Ei-
lers and Roosa 1994). Plant species routinely observed on
the majority of sites included Cardamine bulbosa (Schreb.
ex Muhl.) Britton, Sterns & Poggenb, Carex stricta Lam.,
Eupatorium maculatum L., Helianthus grosseserratus M.
Martens, Typha latifolia L., and Saxifraga pensylvani-
ca L. All of these species are commonly encountered in
Midwestern fens (Pearson and Leoschke 1992, Amon et
al. 2002) and are typically one or more of the dominant
species in lowa fens (Nekola 2004).

From August 26" to August 30", 2013 each SSW was
visited and the perimeter was mapped with a differential
global positioning system (DGPS) using ArcPad 8.0 SP4

field mapping software (ESRI, Redlands, California) on
a Magellan MobileMapper 6 GPS unit (Thales Naviga-
tion, Santa Clara, California). In order to ensure the high-
est degree of accuracy, the Position Dilution of Precision
(PDOP) was checked prior to mapping each SSW. The
PDOP is a measure of the uncertainty in the horizontal
and vertical data received by the GPS unit, the lower the
PDOP value the greater the accuracy (Van Sickle 2001).
PDOP values from 5 to 9 are generally accurate enough
to be acceptable, PDOP values less than 4 are considered
highly accurate (Farina 2006) and PDOP values of 2 or
less are exceptional (Van Sickle 2001). The PDOP values
before mapping each SSW ranged from 1.5 to 1.9 and av-
eraged 1.7 (0.18 SD).

Each SSW exhibited surface soil saturation. The pe-
rimeter was defined as the point at which soil was no
longer visibly saturated to the surface. Precipitation for
the area 60 days prior had been below normal (Iowa State
University 2013) and the area was considered abnormally
dry for 21 days prior (Rippey 2013). Assessments of seep-
age areas during droughts allow for comparisons to be
made based on groundwater discharge that has not been
influenced by recent precipitation (Henry and Scott 1984,
Nekola 2004). Therefore, due to the unusually dry condi-
tions it was presumed that the saturation observed was the
natural extent of the discharging groundwater. Soil satu-
ration was observed to be most pronounced towards the
center of each SSW. Consequently, soils in the center of
each wetland were presumed to be the most influenced by
the local hydrology and were considered representative of
the conditions at each SSW. Soils were sampled in in the
center of each SSW using a JMC Backsaver soil probe
equipped with a 1.75 cm Wet Sample Tube (Clements As-
sociates Inc., Newton, lowa). Soils were described to a
minimum depth of 40 cm.

After collection in the field the data was uploaded
to ArcMap 10.0 Geographic Information System (GIS)
software (ESRI, Redlands, California). Four geomor-
phic characteristics were analyzed for each SSW; area
in square meters (m?), upslope elevation in meters above
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Fig. 1. Location of the study sites at national, state, county and
local level
Circles represent the locations of SSWs examined during this study
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sea level (m a.s.l.), slope in percent grade (%), and soil
parent material. Area was measured in meters to the near-
est hundredth using the GPS data collected in the field.
The upslope elevation was determined by using the Cre-
ate Contours function in the 3D Analyst toolbar in ArcM-
ap at the furthest upslope GPS data point for each SSW.
Upslope elevation was measured to the nearest hundredth
in m a.s.l. Slope was defined as the percent grade along
the widest section of the seepage face of each SSW.
Slope was determined using the Interpolate Line and Pro-
file Graph functions in the 3D Analyst Toolbar and was
measured to the nearest tenth of a percent. The input ras-
ter for both was a LiDAR Digital Elevation Model with
1 m elevation resolution (Iowa Department of Natural
Resources 2010).

Using the soil profile descriptions each SSW was then
categorized into one of two groups based on the level of
development of a carbon accumulating substrate. The
formation of carbon accumulating substrates, including
histic deposits, has been suggested as a required criterion
in the definition of Midwestern fens (Amon et al. 2002).
Therefore, SSWs with histic epipedons extending for 20
cm or more in depth were considered to have a well-devel-
oped carbon accumulating substrate and were categorized
as “Fens”. SSWs with histic epipedons extending for less
than 20 c¢cm in depth, or those without a histic epipedon,
were considered to have little or no carbon accumulation
and were categorized as “Seeps”. The minimum depths
used to categorize each site were based on the accepted
criteria for a histic epipedon (Soil Survey Staff 2010).

Parent material was determined for each Fen and Seep
by identifying the mapped soil unit from the Muscatine
County USDA-NRCS Soil Survey Geographic Database
(SSURGO) (Soil Survey Staff 2003) and then obtaining
the parent material from the Official Soils Series De-
scription database (Soil Survey Staff 2013). In Iowa, the
majority of fens occur on slopes underlain by glacial till
(Thompson et al. 1992). Therefore, Fens and Seeps were
divided into one of two categories, those with glacial till
parent material (Till) and those with other parent mate-
rials (e.g. loess, alluvium) (Non-Till). This resulted in a
total of four groupings; Fens on Till, Fens on Non-Till,
Seeps on Till, and Seeps on Non-Till. One-way ANOVA
was utilized to test the hypotheses that the area (H,), up-
slope elevation (H,), and/or slope (H,) would be signifi-
cantly different between Seeps and Fens of differing par-
ent material (H, = No difference). A Chi-Square test was
also utilized to test the hypothesis that the number of Fens
or Seeps would be dependent on the underlying parent
material (H, = No difference). All statistical analysis was
completed at 95% significance (o — 0.05).

Results

Only 28 of the initial 30 sites selected for this study were
utilized in the final analysis. Two of the sites (21 and 24)
were excluded from the final analysis because of condi-
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tions observed in the field. Site 21 showed evidence of
past hydrologic manipulation; specifically, the presence
of a berm constructed along the length of the SSW below
the seepage face. The berm appeared to have been con-
structed to divert overland flow exiting from the seepage
face so the area downslope would not become saturated.
This structure also impounded some water behind it which
effectively altered the hydrology (making the site wetter
than it would be naturally). Site 24 had a plant community
composed entirely of exotic and annual species, while all
other sites were dominated by native perennials. Unlike
the remaining sites, which were surrounded by a matrix of
cool season grass pasture, site 24 was within a few meters
of an annually-tilled crop field. Soil sampling suggested
that this site had also been subject to repeated siltation by
erosion from the nearby upslope field. Based on these con-
ditions, both of these sites were discarded from the final
analysis due to the presence of anthropogenic alteration.

Of the remaining 28 sites, 17 were classified as Seeps
and 11 as Fens based on the characteristics of the soil pro-
files (Fig. 2). In each of the Seep sites a depleted or gleyed
matrix was observed starting within 25 cm or less of the
surface. On 7 of the Fen sites histic epipedons extended for
more than 40 cm in depth, while on the remaining 4 sites
they were greater than 20 but less than 40 cm. With the
exception of one of the discarded sites (Site 24), no sites
exhibited any form of intermediate or transitional organic
soil development (i.e., histic epipedons less than 20 cm in
depth). The data are summarized in Table 2. Table 2 also
includes the Hydric Soil Indicator observed at each site.
The Hydric Soil Indicators are regionally specific features
observed in the soil profile that identify soils as wetland
soils (USDA-NRCS 2010). Among the 11 Fen sites, 6 oc-
curred on Till parent materials and 5 were found on Non-
Till. While 12 of the Seeps were found on Till and the re-
maining 5 were underlain by Non-Till parent materials. The
Chi-Square test indicated that there was not a significant
difference between the number of Fens or Seeps on Till and
Non-Till parent materials; x>=0.7487, N=28, p=0.39.

All SSWs combined ranged in area from 97.61 to
3391.25 m? and averaged 1107.72 (SD=818.34) m’. Fens
ranged in size from 97.61 to 2786.11 m? (x=1285.77 m?,
SD=876.64) and Seeps ranged in area from 241.14 to

0 2,000 4,000 Meters
* Fens (n = 11) L1
- Seeps (n=17) 1:70,000

Fig. 2. Relief map with locations of Fens and Seeps in Muscati-
ne County, lowa examined in this study
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Table 2. Geomorphic measurements and classifications of stratigraphic slope wetlands examined in Muscatine County, lowa

Upslope

N:rﬁf)er Elevation Area Slope Perimeter Iiig;:;ti(r)ﬂﬂ Category Parent Material
[ma.s.l.] [m?] [%] [m]

1 202.39 134.41 11.1 51.57 Al Fen Till

2 203.00 930.78 59 138.78 All Seep Till

3 202.39 813.01 5.5 156.33 A2 Fen Till

4 201.78 1208.09 8.1 147.71 F3 Seep Till

5 197.51 97.61 29.8 38.34 A2 Fen Till

6 201.17 1006.11 13.2 127.80 F3 Seep Till

7 199.95 1058.68 5.2 150.54 A2 Fen Non-Till

8 195.07 646.82 11.2 149.90 Al Fen Till

9 199.34 1274.42 6.3 204.06 All Seep Till
10 201.78 2786.11 8.1 419.40 Al Fen Till

11 198.73 1635.4 4.7 161.09 All Seep Till

12 198.12 760.84 16.4 208.15 All Seep Till
13 198.12 324.99 13.0 134.26 All Seep Till

14 198.73 251.04 14.5 110.25 All Seep Till

15 195.68 656.56 8.4 170.14 All Seep Till

16 195.68 638.42 13.7 98.21 All Seep Till

17 198.12 241.14 7.9 98.18 All Seep Till

18 194.46 1416.42 6.0 176.78 A2 Fen Till

19 192.64 984.96 8.6 154.47 Al Fen Non-Till
20 201.17 2192.87 5.8 231.10 Al Fen Non-Till
22 210.92 1791.13 14.8 204.43 F3 Seep Non-Till
23 212.75 3391.25 4.4 356.01 F3 Seep Non-Till
25 180.44 1005.53 10.3 272.16 F2 Seep Non-Till
26 181.66 1184.73 8.3 286.94 F2 Seep Non-Till
27 196.90 1856.79 6.1 183.31 Al Fen Non-Till
28 196.90 2155.73 2.2 234.85 Al Fen Non-Till
29 197.51 277.41 133 72.91 F2 Seep Non-Till
30 201.02 294.91 20.6 75.90 F3 Seep Till

“The dominant indicator from the Field Indicators of Hydric Soils, Ver. 7 (USDA-NRCS 2010)

Table 3. Sizes of Fens and Seeps on Till and Non-Till parents Table 4. Elevations of Fens and Seeps on Till and Non-Till par-
materials in Muscatine County, lowa ents materials in Muscatine County, lowa

Fen (m?) Seep (m?) Fen (ma.s.l.) Seep (m a.s.l.)
97.61 241.14 194.46 195.68
134.41 251.04 195.07 195.68
646.82 29491 197.51 198.12
813.01 324.99 201.78 198.12
1416.42 638.42 202.39 198.12
Till 2786.11 656.56 Till 202.39 198.73
x =839.84 m? 760.84 x=199.06 m a.s.1. 198.73
(SD=666.32) 930.78 (SD=2.73) 199.34
1006.11 201.02
1208.09 201.17
1274.42 201.78
1635.40 203.00

x=982.40 x=768.56 x=198.93 x=199.12
(SD=1008.46) (SD=455.26) (SD=3.71) (SD=2.28)
984.96 277.41 192.64 180.44
1058.68 1005.53 196.90 181.66
Non-Till 1856.79 1184.73 Non-Till 196.90 197.51
x=1589.91 m? 2155.73 1791.13 x=197.08 m a.s.l. 199.95 210.92
(SD=876.66) 2192.87 3391.25 (SD=10.52) 201.17 212.75
x=1649.81 x=1530.01 x=197.51 x=196.66
(SD=588.47) (SD=1172.15) (SD=3.31) (SD=15.42)
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Table 5. Slopes of Fens and Seeps on Till and Non-Till parents
materials in Muscatine County, lowa

Fen (%) Seep (%)
5.5 4.7
6.0 5.9
8.1 6.3
11.1 7.9
11.2 8.1
Till 29.8 8.4
=11.4% 13.0
(SD=6.3) 13.2
13.7
14.5
16.4
20.6
*=12.0 x=11.1
(SD=9.1 (SD=4.9
22 4.4
5.2 8.3
Non-Till 5.8 10.3
x=7.9% 6.1 13.3
(SD=4.0) 8.6 14.8
x=5.6 x=10.2
(SD=2.3) (SD=4.1)

3391.25 m? (x=992.52 m?, SD=783.50). Differences in
size between Till and Non-Till sites are summarized in
Table 3. There was no significant difference between the
size of Seeps and Fens among the different parent mate-
rials; F(3, 24)=2.154, p=0.12.

The upslope elevation for all SSWs ranged from 180.44
to 212.75 ma.s.l. and averaged 198.36 m a.s.l. (SD=6.52).
Fens ranged from 192.64 to 202.39 m a.s.l. and averaged
198.29 m a.s.l. (SD=3.44). Seeps ranged from 180.44 to
212.75 m a.s.l. and averaged 198.40 m a.s.l. (SD=8.02).
Differences in elevation between Till and Non-Till sites
are summarized in Table 4. Fens on Till, Fens on Non-
Till, and Seeps on Till all had a much narrower range
of upslope elevations than Seeps underlain by Non-Till.
However, this difference was not statistically significant;
F(3, 24)=0.193, p=0.90.

Slopes for all SSWs combined ranged from 2.2 to
29.8% and averaged 10.1% (SD=5.8). Fen slopes ranged
from 2.2 to 29.8% (x=9.1%, SD=7.4) and Seep slopes
ranged from 4.4 to 20.6% (x=10.8%, SD=4.6). Differenc-
es in slope between Till and Non-Till sites are summa-
rized in Table 5. There was no significant difference be-
tween the slopes of Fens and Seeps underlain by Till and
Non-Till parent materials; F(3, 24)=1.403, p=0.27.

Discussion

Hydric soil morphology was relatively consistent for
Seeps and Fens. The presence of a depleted or gleyed
matrix, which are characterized by low-chroma colors,
correlate with the depth of the water table (Zobeck and
Ritchie 1984, Guertal and Hall 1990, James and Fenton
1993, Kolka and Thompson 2012), suggesting that each
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of the Seep sites experiences long-term high water tables
(within 25 cm or less of the surface). Thompson et al.
(2007) observed this same pattern in SSWs lacking histic
deposits in Kentucky where depleted matrices were also
present within 25 cm or less of the soil surface.

The soil profiles in most of the Fens (64%) met the
conditions of a Histosol (a layer of sapric material 40 cm
or more in depth) (Soil Survey Staff 2010) and would
most certainly meet the requirements of a well-devel-
oped, carbon accumulating substrate as defined by Amon
et al. (2002). Although the remaining four Fens had histic
epipedons (sapric soil material less than 40 cm in depth),
they were not deep enough to be classified as Histosols
(Soil Survey Staff 2010). In the Midwest, sites such as
these are usually considered sedge meadows instead of
fens (Amon et al. 2002). However, there is no minimum
required depth of histic material in any published defini-
tion of a fen for the United States. Also, the term sedge
meadow has been used interchangeably with both fen
(Mausbach and Richardson 1994, Middleton et al. 2006)
and seep (Henry and Scott 1984). And there is no consen-
sus among fen researchers as to whether or not fen and
sedge meadow ecosystems are separate and distinct from
one another (Middleton et al. 2006). For the purposes of
this study, differentiating between Fens with Histosols
and those with histic epipedons would have been arbitrary
due to the vagueness in the definition of a fen.

In general, SSWs are relatively small (Roulet 1990,
Mausbach and Richardson 1994) and most fens in the
United States are considered small (Bedford and God-
win 2003). However, small is a relative term. Bedford
and Godwin (2003) described fens in the United States as
ranging from a few to several ha and in southern Missouri
the sloped fens that Orzell and Kurz (1986) studied ranged
from 6,000 m? to 68,000 m? (6.8 ha). Thompson and Bet-
tis (1994) listed the range of sizes for lowa fens from
4,000 m? to 100,000 m? (10 ha). All of the sites examined
in this study fell below the 4,000 m? lower value observed
by Thompons and Bettis (1994). And those sites catego-
rized as Fens were even smaller, with the largest Fen less
than 3,000 m? in area. SSWs of this size occur throughout
eastern lowa (personal observation). Therefore, the larger
sizes described by other researchers for small fens is most
likely due to a lack of research on SSWs that has resulted
in very small fens being overlooked.

Substantial variation can exist between the sizes of
slope wetlands due to the variation in local geologic and
groundwater features (Winter 1988, Brinson 1993). This
variation may be less pronounced in areas with similar
geology and topography however, as indicated by the
lack of significant differences between Fens and Seeps
observed in this study. For SSWs this lack of variation
may exist on a regional scale as there appears to be rel-
ative consistency in the size of Midwestern SSWs. For
example, in Parke County, Indiana two SSWs studied by
Ebinger and Bacone (1980) measured 1,480 m? and 2,132
m? in area, in Cole County, Illinois SSWs ranged in size
from 18.6 m? to 371.6 m?* (Parker et al. 1970, Parker and
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Ebinger 1971), and in McDonough County, Illinois SSWs
were 91.6 to 689.8 m? in size (Henry and Scott 1984). A
group of 7 SSWs across a four-county area in east-cen-
tral Illinois ranged from 185.8 to 3372.4 m? and aver-
aged 956.9 m? (SD=1155.3) (Ebinger 1978). McClain et
al. (2008) observed that Illinois SSWs were rarely larger
than 5,000 m?. The results of this study and the previously
cited examples suggest that this limit may be consistent
across the Midwestern United States.

Due to their small size wetlands located in upland ar-
eas typically go unnoticed (Weakley and Schafale 1994).
Most fens are not of sufficient size to be delineated on
topographic maps (Andreas 1985, Bedford and Godwin
2003) and slope wetlands in general are rarely indicat-
ed on U.S. Department of Agriculture soil survey maps
(Weakley and Schafale 1994). None of the SSWs exam-
ined in this study were designated on topographic or soil
maps. The small sizes of Midwestern SSWs prevent them
from being included on soil survey maps because soil in-
clusions less than 10,000 m? are typically below the min-
imum delineation size (Soil Survey Division Staff 1993).
This pattern has been historically present in Iowa. For
example, Bishop’s (1981) paper on wetland loss in lowa
did not include the loss of fens or sedge meadows in the
state (Eilers and Roosa 1994). Regardless of whether they
are Seeps or Fens, SSWs are so small in size that they are
often disregarded during natural feature inventories.

Very little published data exists on the elevations of
SSWs; however some research has found Midwest SSWs
with similar elevations to those observed in this study.
For example, Parker et al. (1970) and Parker and Ebinger
(1971) studied a series of seeps in Cole County, Illinois,
which they reported to be at elevations of approximate-
ly 180 m a.s.l. and Andreas (1985) described peatlands in
Ohio (including fens located on glacial moraines) with el-
evations ranging from 110 to 218 m a.s.l. Fens in this study
were confined to a much narrower band of upslope eleva-
tions than some Seeps. However, the lack of a statistically
significant difference between the elevations of Seeps and
Fens supports the conclusion that Seeps and Fens in the
study area do not occur at different elevations. Similar re-
sults were observed in Ohio, where no characteristic topo-
graphic relationships were detected among fens (Andreas
1985) and in Indiana, where seeps and fens occurred at
analogous positions on the landscape (Hicks 2012).

Fens on hillsides will exhibit a sharp border along the
upslope boundary between the mineral soil of the neigh-
boring upland and the organic soil of the fen (Amon et
al. 2002). This boundary was present on all of the sites
classified as Fens during this study and was also observed
on each of the Seep sites as well. This suggests that this
edge feature is not exclusive to fens and may be a result of
processes other than organic soil formation. Groundwater
discharging from a slope will result in slope failure until
the hydraulic gradient is parallel to the slope, at which
point the slope becomes stable (Budhu and Gobin 1996).
SSWs with similar hydrologic regimes should therefore
exhibit this same upland border phenomenon regardless

of whether or not they are accumulating histic deposits, as
was observed in this study.

Fens occur across a wide range of slopes (Thomp-
son et al. 1992, Amon et al. 2002). In southern Missouri
hillslope fens occur on slopes between 5 and 45% (Orzell
and Kurz 1986). Thompson and Bettis (1994) observed
that slopes in Iowa fens typically range from 0.4 to 24.3%
with the majority (90%) occurring on slopes less than
10%. Similar ranges for slopes were observed for Fens
during this study. Of the 11 Fens, 7 (73%) had slopes less
than 10%, 2 (18%) had slopes greater than 10% but less
than 24.3%, and only 1 (9%) had a slope outside the range
cited by Thompson and Bettis (1994) (29.8%). This out-
lier also did not have histic deposits greater than 40 cm
in depth which, under some definitions (i.e., Amon et al.
2002), would mean the site was a sedge meadow and not
a fen. A gentler slope would slow runoff thereby keeping
the soil saturated longer and promote the development of
organic soil on those sites as opposed to those with steep-
er slopes (Amon et al. 2002).

All of the Seeps examined in this study also fell with-
in Thompson and Bettis (1994) range and nearly half of
these sites (8 out of 17) had slopes less than 10%. Since
all of the sites were saturated at the surface during abnor-
mally dry conditions it was assumed that the groundwater
discharge was relatively consistent between all sites, yet
histic deposits have so far failed to develop on any of the
Seeps. Clearly a shallower slope in and of itself is not
enough to facilitate development of histic deposits. There
is no published data on the slopes of seeps in lowa; how-
ever in Rhode Island Rosenblatt et al. (2001) did not find
any relationship between slope and the presence or ab-
sence of a seep. Based on the results of this study, it would
appear that slope is not a significant geomorphic factor in
differentiating between Seeps and Fens. However, under
certain conditions a shallower slope may expedite the de-
velopment and accumulation of histic deposits.

Local geologic conditions, such as bedrock and gla-
cial deposits, exert substantial influence on the develop-
ment and distribution of SSWs (Thompson and Bettis
1994, Bedford and Godwin 2003, Stein et al. 2004). Fens
in Towa have formed over a variety of parent materials;
however most have developed over glacial till (Thomp-
son et al. 1992, Nekola 1994). Data on the parent materi-
al of other Midwestern SSWs is lacking but results from
other areas of the country suggest a similar relationship
to that observed for lowa fens. For example, Thompson
et al. (2007) found that SSWs in southeastern Kentucky
were all underlain by the same bedrock material and in
southern Rhode Island seeps were found more frequently
on sites underlain by glacial till (Rosenblatt et al. 2001).

Many SSWs, regardless of whether they are fens or
seeps, occur in series across valley slopes and may be
grouped within a small area (Parker et al. 1970, Park-
er and Ebinger 1971, Thompson and Bettis 1994). This
pattern was observed several times during this study on
sites 1 through 7, 9 through 17, and sites 27 through 29.
Fens and Seeps were clustered within very close prox-
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imity to one another in the same valley. For example, on
sites 1 through 7 a group of 3 Fens and 4 Seeps occurred
together, on average, within 35 m of each other (Fig. 3).
These sites also displayed varying degrees of histic devel-
opment. Site #1 possessed a histic epipedon greater than
40 cm in depth (Histosol). Site #2, which was only 5 m
away from Site #1, lacked any histic development and had
a depleted matrix. And Site #3, which was 25 m away
from Site #2, had a histic epipedon greater than 20, but
less than 40 cm in depth. Thus, a “fen”, a “seep” and a
“sedge meadow” (using carbon-accumulation as a defin-
ing characteristic) appear to have developed as separate
and distinct communities, with similar geomorphological
features, in extremely close vicinity to one another.

The lack of significant differences between Fens and
Seeps of different parent materials, and the tendency for
both types of SSWs to occur in such close proximity to
one another, suggests that subtle differences in hydrolo-
gy and/or vegetation may have a greater influence on the
development of a fen than geomorphic characteristics.
Slight variations in the subsurface soil and geology may
play an important in role in these differences. For exam-
ple, Miner and Ketterling (2003) found that the irregular
gravel subsurface of a northeastern Illinois fen influenced
the hydrology of the site and the corresponding develop-
ment of histic surface material. Glacial landscapes are
some of the most hydrological complex environments
(Winter 2001) and groundwater discharge is not equally
distributed across slopes (Winter 1999). The closeness of
Seeps and Fens in this study suggests that the effect of
localized subsurface features on groundwater discharge
may be specific down to scales as small as a few meters.

Although 4 of the 11 Fens in this study would be con-
sidered sedge meadows by some authorities due to the
histic material being less than 40 cm in depth, the lack of
any intermediary histic development (i.e., between 1 and
20 cm in depth) on any of the 28 sites is puzzling. This
may be an artifact of local conditions in the small geo-
graphic range of the sample. In other Midwestern states
many SSWs denoted as seeps in the literature have been

Legend N 5 1530 60 Meters
Perimeter of Seeps I
“Z:Perimeter of Fens 1:1,000

Fig. 3. 2013 Aerial photograph of Fens and Seeps in a series
along a stream valley in Muscatine County, lowa

22

described as having histic deposits (Phipps and Speer
1958, Parker and Ebinger 1971, O’Flaherty et al. 1975,
Ebinger and Bacone 1980, Homoya 1984, McClain et al.
2008, Hicks 2012). However, few of these studies have
provided detailed descriptions of the depth of the histic
material, instead using indefinite terms such as “deep”
and “shallow”. Even fens have been described this way.
For example, in Missouri, Orzell and Kurz (1986) de-
scribed fens on slopes (which they termed “prairie fens”)
as having “shallow histic epipedons”. The absence of any
intermediate histic accumulation that divided Fens and
Seeps may in fact be a distinguishing characteristic; how-
ever more research is needed to confirm this division.

The formation of histic deposits is closely associated
with hydrology, especially under conditions of soil satura-
tion (Moore 1989), and wetlands with groundwater based
hydrology often have greater consistency with their hy-
drologic regimes than those that are precipitation or sur-
face based (Kolka and Thompson 2012). However, subtle
differences in hydrology may prevent organic soil from
developing (Bowles et al. 2005, Skalbeck et al. 2009).
Eastern Iowa fens tend to experience greater variability in
their hydrology than fens in the western half of the state
(Thompson et al. 1992). This variability can impact their
rate of decomposition and peat accumulation (Thompson
and Bettis 1994). Fens are also extremely susceptible to
changes in their hydrologic regime (Zimmerman 1976,
Moran 1981, Almendinger and Leete 1998, Diggelen et
al. 2006). Grootjans et al. (2006) noted that this vulner-
ability extended to all “small groundwater-fed systems”.
Wetlands with similar geomorphic features are usually
impacted by the same forms of disturbance (Brinson and
Malvarez 2002). Due to the similar hydrologic and geo-
morphic conditions required for their formation it stands to
reason that all SSWs are particularly vulnerable to changes
in their hydrology.

Plant communities in the adjacent landscape can in-
fluence local water tables (Zhang and Schilling 2006). In
the Midwest, much of the wetland loss is a result of con-
verting the landscape to agricultural production (Brinson
and Malvarez 2002). The conversion of the surrounding
landscape has undoubtedly impacted all of these sites.
The removal of deep-rooted native perennials in exchange
for shallow-rooted annual crops can reduce evapotranspi-
ration and increase groundwater discharge (Saunders et
al. 1991). Thus, groundwater outflow may have increased
in some sites and accelerated the accumulation of histic
deposits. Large-scale artificial drainage networks have
also been installed throughout the Midwest to facilitate
agriculture (Blann et al. 2009). These networks can lower
both local and regional water tables (Winter1988, Blann
et al. 2009, Diggelen et al. 2006). This can result in fens
that still display the characteristic groundwater discharge,
but at a reduced rate, which can lead to an increased rate
of soil mineralization (Grootjans et al. 2006, Diggelen et
al. 2006). Conversely, it is possible that all of the Seeps in
this study, and in other areas impacted by artificial drain-
age, are in fact hydrologically degraded fens.
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Summary

This study documented 7 previously unknown sites that
met accepted criteria for a fen (e.g. Thompson et al. 1992,
Amon et al. 2002, Bedford and Godwin 2003). In lowa
fens are typically regarded as features of the northern por-
tion of the state (Pearson and Leoschke 1992). And in the
Southern Iowa Drift Plan landform region, where this stu-
dy took place, few fens have been documented and their
absence from this landform region is perplexing (Thomp-
son et al. 1992). Fens on slopes have been documented
from more southerly latitudes, such as southern Missouri
(Orzell and Kurz 1986). And small SSWs, including some
that meet Amon et al. (2002) criteria for a Midwestern
fen, are also known to occur in other counties in the So-
uthern lowa Drift Plain (personal observation). Since fen
research has traditionally focused on northern locations
(Bedford and Godwin 2003) the absence of reported fens
from this landform region is most likely the result of a
lack of research and/or interest in SSWs in this landscape,
rather than a difference in distribution.

Fens on Midwestern slopes exhibit substantial varia-
tion in their surface characteristics (Amon et al. 2002). In
cast-central lowa Seeps also display substantial variation
in surface characteristics; however this variation is not sig-
nificant enough to distinguish Fens and Seeps as separate
geomorphic features in the landscape. Given the lack of
geomorphological differences between Seeps and Fens
and the close proximity that some Seeps and Fens occur
with one another, it would suggest that rather than being
distinct features, Seeps and Fens represent a continuum
across a hydrogeomorphic gradient in this area. Similar
gradients have been observed among plant communities of
fens, seeps, and sedge meadows in the Midwest (Pearson
and Leoschke 1992, Amon et al. 2002, Bowles at al. 2005).

The interrelationship between vegetation, soil devel-
opment, and hydrology in groundwater discharge areas is
complex (Carter 1986, Klijn and Witte 1999). Since the
presence of an organic soil may not be a necessary require-
ment for the formation of a fen (Nekola 1994, Wheeler
and Proctor 2000, Bedford and Godwin 2003, Amon et al.
2005) any SSW with the appropriate hydrology may be
capable of supporting fen, or fen-like, plant communities
(Goslee et al. 1997, Morley and Calhoun 2009). Although
divisions have been documented between local seep and
fen plant communities (Hicks 2012), these differences
may be a condition of local circumstances rather than a
community characteristic since regionally Midwestern
fens are too diverse and unique to categorize based on
plant communities (Amon et al. 2002).

The use of ambiguous terminology such as “deep” and
“shallow” to describe the depth of histic deposits, the lack
of any suggested depth of histic development that distin-
guishes a fen, and the interchangeable use of the terms
seep, fen, and even sedge meadow further complicate
any attempt at meaningful classification. If a geomorphic
distinction between seeps and fens does exist it may be
due to subtle, local variations in subsurface characteris-

tics that are individual to each site, which in turn, may
result in equally individual hydrologic regimes and plant
communities. Additional botanical, hydrological and soils
research are necessary to clarify the distinction between
the two. Clearly, there is still much to debate on what
qualifies as a fen.
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