




Examples of depressional wetlands include prairie
potholes in the glaciated Northern Great Plains,
playas in the Southern Great Plains, pocosins and
Carolina bays in the Southeastern U.S., and vernal
pools in California (Cowardin et al. 1979). In higher
latitudes, many of these wetlands were formed
through glacial action, while in southern U.S.
regions, depressions such as playas were formed by
dissolution of the underlying substrate and wind
(Smith 2003, Mitsch and Gosselink 2007). Still
others could have been formed through historic
fluvial events.

Depressional wetlands provide a wide range of
ecosystem services to human society. As noted by
Euliss et al. (2008), much of the original conserva-
tion of depressions occurred because of their fish
and wildlife (biotic) habitat value. In addition, they
can be important storage sites of carbon, a
significant climate change service (Euliss et al.
2006), as well as important ground-water recharge
sites (Zartman et al. 1996). They also store
floodwaters (National Research Council 1995),
reducing flooding of households, farmlands, forests,
and prairies. Finally, they serve as important sites of
aesthetic pleasure, field education classrooms, and
scientific investigations (Smith 2003).

Because depressional wetlands are the endpoints
of runoff within a landscape, they receive and
accumulate chemicals, pesticides, and sediments
from activities in the surrounding watershed. Sedi-
ments can completely change the hydrology (e.g.,
Luo et al. 1997), altering the resultant wetland
hydroperiod and changing the entire structure and
function of the system. They can also, more subtly,
bury egg and seed banks (Gleason et al. 2003). Most
sediment enters depressional wetlands as a result of
erosion from cultivation of the surrounding water-
shed (Luo et al. 1999). In addition, because many
depressional wetland types recharge underlying
aquifers, pesticides and other chemicals that accu-
mulate in their sediments can potentially contami-
nate ground water used by municipalities or for
irrigation (Zartman et al. 1996). Finally, because
most depressional wetlands are considered ‘‘isolat-
ed,’’ they are no longer considered jurisdictional
‘‘Waters of the United States’’ and do not receive
federal protection from dredge and fill activities
regulated under the Clean Water Act (Haukos and
Smith 2003). This has resulted in the continued loss
of many depressional wetlands as a result of urban,
agricultural, and transportation expansion through-
out their range.

Many depressional wetlands targeted for conser-
vation by government agencies were simply pur-
chased and set aside (Euliss et al. 2008). It was

assumed that these wetlands would provide their
wildlife service with little or no active management.
Examples include Waterfowl Production Areas in
the northern Plains and playas on U. S. Forest
Service National Grasslands (Smith 2003). Where
the watershed was protected in these instances, it
allowed wetlands to progress through natural
climatic variation, maintaining the processes neces-
sary for ecological function and provision of
ecosystem services.

However, in many instances, either the watershed
was not protected or hydrologic modifications were
made to the basin. When the watershed was not
protected, this resulted in sedimentation altering the
hydrology, which then influenced all biotic processes
(e.g., Luo et al. 1997, Smith and Haukos 2002,
Euliss et al. 2004). Thus, passive management of
depressional wetlands without adjacent watershed
protection was often unsuccessful. Moreover, many
depressional wetlands had level ditches or pits dug in
them to provide surface water for longer periods of
time (e.g., Euliss and Mushet 2004). Again, this
altered hydrology restricted the full suite of ecosys-
tem services. Littoral zone primary production, for
example, declined, and exotic species often become
established. Most often, this alteration was assumed
to benefit waterfowl populations, but frequently it
was also used to provide a more secure source of
water for domestic livestock (Smith 2003, Euliss and
Mushet 2004). Finally, islands were often construct-
ed in the center of depressional wetlands, ostensibly
to provide predator-secure nesting sites for water-
fowl (e.g., Dahl et al. 2003, Shaffer et al. 2006). By
dredging island material from the wetland basin,
hydrology was also altered, which, in turn, altered
other wetland services.

Riverine Floodplains and Riparian Areas

Riverine floodplains and streamside riparian areas
(henceforth called riverine wetlands) occur every-
where there is sufficient surface-water flow to form
concentrated flow paths. Floodplains and riparian
areas are not differentiated here because they are
located in similar geomorphic settings in river
valleys (National Research Council 2002, Kroes
and Brinson 2004). Further, riverine wetlands as
treated here encompass the channel and floodplain
as one functional unit (Brinson 1993).

Streams and floodplains together develop ‘‘fluvial
geomorphologies’’ in which channel geometry
(depth, width, meander length, etc.) follows predict-
able mathematical relationships in many cases
(Leopold et al. 1964, Rosgen 1995). Dynamic
channel meandering results in geomorphic complex-
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ity that contributes to biodiversity of riparian
wetlands (examples cited in Brinson and Verhoeven
1999). An important characteristic of riverine
wetlands is duration and frequency of overbank
flow, commonly with a return period of about one
to two years, although there are many exceptions
(Knighton 1998, Sweet and Geratz 2003). The
ecological significance of overbank flow is the
‘‘flood pulse’’ that contributes to species exchange
between floodplains and permanent water bodies,
between floodplains and terrestrial habitats, and
between different floodplains (Junk and Wantzen
2006). Flood pulsing provides hydrologic energy to
transport sediments, nutrients, propagules, and
aquatic organisms. The generally high nutrient
richness of floodplain forests supports rates of
biomass production and standing stocks similar to
those of upland forests (Megonigal et al. 1997). The
channel portion of riverine wetlands is a corridor for
anadromous and catadromous fish migration, as
well as a pathway for delivery of continental
sediments to floodplain surfaces (during overbank
flow) and coasts for deposition in estuaries and
delta-building (Gagliano et al. 1981, Day et al.
2000).

No other wetland type offers as many goods and
services directly to human society. Historically, the
channels of riverine wetlands were primary sources
of transportation, the floodplains were locations for
many settlements, and both portions supported
subsistence fishing and hunting. Even today, large
river corridors contribute to transportation and the
dilution of point and non-point discharges of wastes
from urban and agricultural land uses. Hunting and
fishing that once supported subsistence-harvesting
activities are now largely recreational endeavors:
mere shadows of their original productivity, similar
to the situation in estuaries (Lotze et al. 2006).

Alterations of riverine wetlands fall along a
gradient of intensity from those that are relatively
renewable (timber harvesting, hunting and fishing,
dilution of wastewater) to those that are considered
to be irreversible (flooding by dams, dredging for
navigation, construction of flood-control levees,
filling for highways and buildings) (Brinson 1990).
Stream channelization for drainage and channel
incision associated with urbanization largely elimi-
nate overbank flow, a situation that shrinks or
entirely eliminates riparian wetlands (Paul and
Meyer 2001, Groffman et al. 2003). Legacies of
channel alteration remain in many landscapes. In
the case of millponds and subsequent infilling, the
effects began centuries ago (Walter and Merritts
2008). Riverine wetlands in headwater regions have
been extensively modified by small impoundments

or levees to extend the hydroperiod for the purpose
of enhancing waterfowl habitat (Lokemoen 1973,
King and Allen 1996). One type, green tree
reservoirs, has been shown to alter species compo-
sition, reduce tree growth, and increase tree mortal-
ity (King and Allen 1996). For impoundments of
larger streams, wholesale changes take place through
elimination of the flood pulse both upstream and
downstream from dams. Upstream, the reservoir
inundates an otherwise dynamic flooding regime.
Downstream, the flood pulse is reduced by lowered
frequencies of overbank flow due to dam release
schedules and channel enlargement through incision
and widening. This reduction in frequency or
magnitude of high flows causes floodplains to dry
and vegetation to transform toward plant species
less tolerant of flooding (Johnson et al. 1976, Auble
et al. 1994). Regardless, the critical function of flood
pulsing in either case is reduced or removed whether
upstream or downstream from a dam. Without
overbank flow and flood pulsing, riverine wetlands
lose an array of interdependent functions. The
tradeoff between flood pulsing and more static
hydrodynamics created by impoundments should be
evaluated when waterfowl enhancement projects are
proposed for riverine wetlands.

Estuarine Fringe

Tidal salt marshes are well-studied examples of
the estuarine fringe wetland type commonly cited in
textbooks. Zonation in the Atlantic coast marshes of
North America is illustrated typically with the
following sequence: 1) a tidal creek and natural
levee, 2) zones ofSpartina alterniflora Loisel. of
varying heights in the regularly flooded region, 3)
Juncus roemerianus Scheele , orJ. gerardii Loisel.
and S. patens (Aiton) Muhl. in the irregularly
flooded high marsh, and 4) a mixture of less salt-
tolerant graminoid, herbaceous, and shrub species in
a zone adjacent to the upland, usually occupied by
forest. While this pattern is common, estuarine
fringe in North America also includes freshwater
tidal marshes and forests along medium-to-large
rivers, non-tidal swamp forests and brackish marsh-
es in Albemarle and Pamlico Sounds of North
Carolina, mangrove swamps in southern Florida,
microtidal marshes along the Gulf Coast, marshes
with barren salt flats at the upland margin in
southern California, intertidal mud flats grading to
sedge wetlands in the Pacific Northwest, as well as
other variants. These ecosystems are among the
most valued of the continent, in large part because
of their contribution to habitat that supports
estuarine fisheries.
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Common explanations for estuarine fisheries
production are 1) the outwelling of organic matter
from marshes to the subtidal region where detrital
food webs ultimately support fish (Hopkinson 1985,
Odum 1988) and 2) the marsh habitat itself as a
nursery and refuge offering a concentrated source of
organic matter and intense biogeochemical cycling
(Kneib and Wagner 1994). Both have merit and are
supported by the combined importance of auxiliary
energy provided by tidal currents and the connection
to a species-rich marine environment. Further,
freshwater tidal marshes host fish assemblages that
derive from both fresh and brackish regions (Odum
1980). In other cases, estuaries serve as a conduit to
spawning areas of riparian wetlands. Estuarine
fringe wetlands are recognized also for their capacity
to absorb moderate storm surges. As human
populations and their habitations increase in these
regions, this service becomes especially important as
illustrated by the Indonesian Tsunami in 2004 and
the U.S. Gulf Coast-Hurricane Katrina in 2005.

Human activities interact with the dynamism of
estuarine fringes in two ways. The first is to
impound them for mosquito control, waterfowl-
habitat enhancement, agriculture, and salt produc-
tion. The ecological effects of these alternate land
uses are predictable because they interfere with
exchanges of water between the subtidal estuary and
intertidal wetlands. The other interference is related
to the lateral migration of wetlands landward in
response to rising sea level (Brinson et al. 1995).
Migration is impeded by bulkheads, roads, dwell-
ings, and other types of barriers. Where migration is
halted, and wetland shorelines continue to erode, the
surface area of estuarine wetlands diminishes.

What happens to wetlands that are impounded or
prevented from migrating landward? First, they are
isolated from tidal currents and, thus, sources of
sediments that are critical for vertical accretion in
the face of rising sea level. Unless they are able to
respond to rising sea level through the accumulation
of organic matter while impounded, they will be
converted to non-tidal wetlands that will lose
elevation relative to increasing sea-level. Impounded
high marshes originally used for hay production
(Warren et al. 2002) have lost elevation both from
subsidence within the impounded area, usually from
peat oxidation, and from an intervening period of
rising sea level. When these areas are restored, they
are instead converted to low marsh areas with tidal
creeks, rather than the high marsh vegetation that
originally occupied the site (Christian et al. 2000).
The upper Sacramento-San Joaquin Delta and San
Francisco Bay salt ponds, California (USA), are
colossal examples of the difficulty for restoration of

the former coastal wetland, now as much as several
meters below sea level (Brown and Pasternack 2004).
Even discounting losses from impoundments, estu-
arine fringe wetlands are not keeping pace with
rising sea level in places such as the Mississippi Delta
(Day et al. 2000) and some areas of Chesapeake Bay
(Kearney and Stevenson 1991). However, when
sediment supplies are abundant, formerly diked
wetlands, such as those in San Francisco Bay, can
be restored to intertidal status once they are
reconnected with the estuary (Williams and Orr
2002).

Lacustrine Fringe

Coastal freshwater wetlands occur along the
shorelines of the Laurentian Great Lakes from Lake
Superior eastward to Lake Ontario and on other
large inland lakes worldwide. They can be classified
based on morphological setting, which reflects the
influence of lake processes, especially exposure to
waves. These classifications have been generalized
into three categories, with multiple layers of sub-
categories: lacustrine, riverine, and barrier-enclosed
(Albert et al. 2005). Great Lakes wetlands differ
from inland depressional wetlands in that they are
shaped by large lake processes, especially long- and
short-term fluctuations in water levels. Because
marsh vegetation can tolerate water-level changes
and often requires these changes to maintain
diversity, marshes are the most common type of
coastal wetland in the Great Lakes.

Fluctuating water-level is the major driving force
affecting Great Lakes wetlands (Keddy and Rezni-
cek 1986, Wilcox 1995, Environment Canada 2002,
Wilcox and Nichols 2008). At frequencies that vary
by lake, high-water-level years periodically eliminate
competitively dominant emergent plants. In ensuing
years when levels recede, less competitive species are
generally able to grow from seed or other propa-
gules, complete at least one life cycle, and replenish
the seed bank before being replaced through
competitive interactions. The cycle then repeats
itself. Water-level changes are thus vital in main-
taining wetland diversity, and alteration of natural
hydrology can impact wetlands.

Management of coastal wetlands, including some
areas of the Great Lakes, includes the use of dikes to
control water levels. In the Great Lakes, diked
wetlands are most prevalent along the U.S. shore of
western Lake Erie. Most are managed with an
emphasis on producing habitat and food resources
for migrating ducks. The wetlands present today are
likely very dissimilar to those that occurred histor-
ically. Prior to logging in the 1860s, the shoreline
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were identified. Improper distribution of diverted
water could cause erosion elsewhere and damage
other wetlands or downstream property; improper
treatment of the abandoned ditch could result in
failure to restore natural ground-water flows;
wetland vegetation would likely change in some
areas as a result of new hydrologic alterations; and
water chemistry in wetlands could change as a result
of changes in water supply. The presence of beaver
throughout the refuge could also affect hydrology
and vegetation.

Refuge management requested that studies be
conducted in association with restoration to provide
guidance and pre-restoration data for use in
evaluating environmental changes that occur during
and following restoration. Management and scien-
tists jointly arranged for funding and brought in co-
investigators with expertise as needed. Studies
evaluated current ecological conditions related to
presence of the ditch and pool (Kowalski and
Wilcox 2003) and assessed hydrologic conditions in

the wetland (Wilcox et al. 2006). As an outcome of
those consultations, water flow in the portion of
Walsh Ditch upslope from C-3 Pool was halted by
construction of earthen dams across the ditch. These
dams reduced localized removal of surface water
and restored water levels in the ditch to those of the
surrounding water table. During spring runoff,
water overflowed creek channels and restored sheet
flow of surface water across the area upslope from
C-3 Pool. Standing water remained in the wetland
even in summer when there is generally little flow in
the creek, and ground-water discharge was readily
observed at some locations (M. Tansy, U.S. Fish
and Wildlife Service, retired, pers. comm.). Thus,
closure of the ditch allowed ground-water discharge
to restore the water table. A new water-control
structure was also installed in the C-3 Pool dike that
is capable of handling more water without undue
erosion. Resulting flows to Marsh Creek also leave
the channel, spread across the wetland, and restore
sheet flow of surface water below C-3 Pool in the

Figure 1. Map of the C-3 Pool and Walsh Ditch study site in Seney National Wildlife Refuge, MI showing water features.
The entire drainage system flows generally from northwest to southeast, and Lower Walsh Ditch enters the Manistique
River 20 km to the south.
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Figure 2. Location and map illustrating complexity of major hydrologic units at Bosque del Apache National Wildlife
Refuge, NM (by C. Lee, U.S. Fish and Wildlife Service).
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