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Tools for Wetland Managers

Effective Communication 
must extend beyond agency 
administrators to local and national 
policymakers and broader society

Form partnerships among agencies, 
seek scientific advice, adn 
develop good relationships among 
biological, maintenance, and 
administrative personnel

This article is a follow-up on a previous piece in the 
National Wetlands Newsletter in which we outlined 
problems associated with a static, local approach to 
wetland management versus an alternative that pro-

poses a temporal and geomorphic approach (Euliss et al. 2009). 
We extend that concept by drawing on companion papers re-
cently published in the journal Wetlands (Euliss et al. 2008, 
Smith et al. 2008). Here we highlight reasons for the failure 
of many managed wetlands to provide a suite of ecosystem ser-
vices (e.g., carbon storage, biodiversity, wildlife enhancement, 
contaminant filtering, floodwater storage). Our principal theme 
is that wetland management is best approached by giving con-
sideration to the hydrogeomorphic processes that maintain pro-
ductive ecosystems and by removing physical and social impedi-
ments to those processes. Traditional management actions are 
often oriented toward maintaining static conditions in wetlands 
without considering the temporal cycles that wetlands need to 
undergo or achieve productivity for specific groups of wildlife, 
such as waterfowl. Possibly more often, a manager’s ability to 
influence hydrogeomorphic processes is restricted by activities 
in surrounding watersheds. These could be dams, for example, 

which do not allow management of flood-pulse processes es-
sential to productivity of riparian systems. In most cases, sedi-
ments and nutrients associated with land use in contributing 
watersheds complicate management of wetlands for a suite of 
services, including wildlife. Economic or policy forces far-re-
moved from a wetland often interact to prevent occurrence of 
basic ecosystem processes. Our message is consistent with rec-
ommendation of supply-side sustainability of Allen et al. (2002) 
in which ecosystems are managed “for the system that produces 
outputs rather than the outputs themselves.”

In Smith et al. (2008), we proposed alternatives to tradi-
tional wetland management for wildlife by outlining a course of 
action that considered restoration or simulation of processes in 
those systems where off-site land use or physical alterations restrict 
on-site actions. Moreover, we noted that a manager must enter fis-
cal and policy realms to be successful. Scientists and managers 
must be able to communicate effectively the value of successful 
management to provide ecosystem services for society. This com-
munication often extends beyond agency administrators to local 
and national politicians and society. Forming partnerships among 
agencies, seeking scientific advice, and forming a good relation-
ship among technical, maintenance and administrative personnel 
are key to successful restoration.

A Temporal and Geomorphic View
We proposed several factors that a manager might initially con-
sider in restoring wetlands to more productive systems. An ini-
tial step is to analyze critically policy/social factors responsible 
for current degraded conditions and assess whether options are 
available to reverse the sources of alteration. Of major impor-
tance is an initial evaluation of hydrogeomorphic processes re-
sponsible for maintenance of ecosystem functioning that sup-
port ecosystem services. Such evaluations are best conducted 
by experienced scientists and managers working jointly. The 
Smith et al. paper provides an overview of five major wetland 
types (depressional, riverine, lacustrine fringe, estuarine fringe, 
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and man-made impound-
ments) and the drivers of 
functions that underpin 
those services, including 
temporal fluctuations. For 
example, to what extent are 
drydown phases, both an-
nual and multiannual, im-
portant to the short- and 
long-term productivity of 
wildlife populations? Do 
these cycles contribute to 
long-term sustainable pro-
duction? Here, we briefly 
review five wetland types to 
identify the variety of fac-

tors that should be taken into account as they vary by geo-
graphic region and wetland type. 

Depressional Wetlands
As the term “depression” implies, these wetlands occur within de-
pressions in the landscape, each essentially set within its own catch-
ment. As low points in elevation, runoff in the catchment or water-
shed moves to the depression. They also receive direct precipitation 
but may or may not receive shallow subsurface flow and/or ground 
water. Thus, depressional wetlands can be recharge or discharge 
wetlands (for ground water), or a combination of both, often with 
strong interannual variation. Managing depressional wetlands with-
out considering the surrounding watershed will often compromise 
processes that provide ecosystem services. Examples of depressional 
wetlands include prairie potholes in the Northern Great Plains, pla-
yas in the Southern Great Plains, Carolina bays in the southeastern 
U.S., and vernal pools in California. Depressional wetlands provide 
many ecosystem services to society. Much of the original conserva-
tion of depressions was driven by the provisioning of ecosystem 
service of wildlife. Additional services include sequestering of car-
bon (a significant climate change service), ground-water recharge to 
aquifers, and storage of floodwaters. 

Because depressional wetlands are final recipients of runoff 
within a landscape, they accumulate chemicals, pesticides, and sedi-
ments from the surrounding watershed. In the process of recharg-
ing aquifers, the tendency of depressional wetlands to accumulate 
pesticides and other chemicals may contaminate ground water used 
by municipalities or for irrigation. Sediment retention is often con-
sidered a valued wetland service. However, when in excess, these 
sediments can bury propagules of invertebrates and plants. More-
over, sediments can completely change hydrology by reducing flood 
duration and all of the many related functions.

Many depressional wetlands targeted for conservation by 
agencies were simply purchased and set aside. 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. Where the watershed was protected in these 

instances, it allowed wetlands to progress through natural climatic 
variation, maintaining the processes necessary for ecological func-
tion and provision of ecosystem services (Euliss et al. 2008). How-
ever, in many instances, either the watershed was not protected or 
hydrologic modifications were made to the basin. Lack of pro-
tection resulted in sedimentation altering the hydrology, which 
then influenced all biotic processes. Thus, passive management 
of depressional wetlands without adjacent watershed protection 
was often unsuccessful. Moreover, many depressional wetlands 
had pits dug in them that provide surface water for longer periods 
of time. This altered hydrology restricts the suite of ecosystem 
functions and services. Finally, islands were often constructed in 
the center of depressional wetlands, ostensibly to provide preda-
tor-secure nesting sites for waterfowl. By dredging island material 
from the wetland basin, hydrology was altered, which, in turn, 
altered other wetland services. Protecting the watershed and al-
lowing natural fluctuations in water levels are key to successful 
management of depressional wetlands.

Riverine Floodplains and Riparian Areas
Riverine floodplains and streamside riparian areas (henceforth 
called riverine wetlands) occur everywhere there is sufficient sur-
face-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. Further, 
riverine wetlands as treated here encompass channel and flood-
plain as one functional unit.

Streams and floodplains together develop “fluvial geomor-
phologies” in which channel geometry (depth, width, meander 
length, etc.) follows predictable mathematical relationships in 
many cases. Dynamic channel meandering results in geomorphic 
complexity that contributes to biodiversity of riverine wetlands. An 
important characteristic of riverine wetlands is duration and fre-
quency of overbank flow, commonly with a recurrence period of 
about one to two years, although there are many exceptions. The 
significance of overbank flow is the “flood pulse” that contributes 
to species exchange between floodplains and permanent water bod-
ies, between floodplains and terrestrial habitats, and between differ-
ent floodplains. The generally high nutrient richness of floodplain 
forests supports rates of biomass production and standing stocks 
similar to those of upland forests. The channel portion of river-
ine wetlands is a corridor for anadromous and catadromous fish, 
as well as a pathway for delivery of sediments to floodplain surfaces 
(during overbank flow) and coasts for deposition in estuaries and 
for delta-building. No other wetland type offers as many services 
to human society. Historically, channels of riverine wetlands were 
primary sources of transportation, floodplains were locations for 

An army of fiddler crabs doing their job as keystone species in the employ of the 
St. Joseph Bay Aquatic Preserve salt marsh in the Florida Panhandle. Photo 
by Melody Ray-Culp, U.S. FWS. 
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Explain the value of successful 
management in providing 
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Enter fiscal and policy realms and 
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agency administrators to local and 
national policymakers

Form partnerships among agencies, 
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maintenance, and administrative 
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Protecting watersheds “allows wetlands 
to progress through natural climatic 
variation, maintaining the processes 
necessary for ecological function.”
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settlements, and both portions supported subsistence fishing and 
hunting. Even today, large river corridors contribute to transporta-
tion and dilution of wastes from urban and agricultural land.  

Alterations of  riverine wetlands fall along a gradient of in-
tensity from those that are relatively renewable (timber harvest-
ing, hunting and fishing, dilution of wastewater) to those con-
sidered irreversible (flooding by dams, dredging for navigation, 
construction of flood-control levees, filling for highways and 
buildings). Stream channelization for drainage and channel inci-
sion associated with urbanization largely eliminate overbank flow, 
a situation that shrinks or eliminates wetlands. Legacies of chan-
nel alteration remain in many landscapes. In the case of millponds 
and subsequent infilling, the effects began centuries ago. Riverine 
wetlands in headwater regions have been extensively modified by 
small impoundments or levees to extend the hydroperiod to en-
hance waterfowl habitat. One type, green-tree reservoirs, has been 
shown to alter forest species composition, reduce tree growth, 
and increase tree mortality. In 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 enlarge-
ment through incision and widening. This reduction in frequency 
or magnitude of high flows causes floodplains to dry and vegeta-
tion to transform toward plant species less tolerant of flooding. 
Regardless, the critical function of flood pulsing in either case is 
reduced or removed. 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 examples of the estuarine fringe wetland 
commonly cited in textbooks. These ecosystems are among the 
most valued on the continent, in large part because of their con-

tribution to habitat that supports estuarine fisheries. Common ex-
planations for estuarine fisheries production are 1) the outwelling 
of organic matter from marshes to the subtidal region where de-
trital food webs ultimately support fish and 2) the marsh habitat 
itself as a nursery and refuge offering a concentrated source of 
organic matter and intense biogeochemical cycling. Both perspec-
tives 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. Estuarine fringe wetlands 
are recognized also for their capacity to absorb moderate storm 
surges. As human habitations increase in these regions, this ser-
vice becomes especially important, as illustrated by the Indian 
Ocean Tsunami in 2004.

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 
production. The effects of these alternate land uses are predictable 
because they interfere with exchanges of water between the sub-
tidal estuary and intertidal wetlands. The other interference is re-
lated to the lateral migration of wetlands landward in response to 
rising sea level. 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 cur-
rents and, thus, from sediments that are critical for accretion in the 
face of rising sea level. Unless they are able to respond to rising sea 
level through accumulation of organic matter while impounded, 
they will be converted to non-tidal wetlands that lose elevation 
relative to increasing sea-level. Impounded high marshes origi-
nally used for hay production have lost elevation 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. The upper Sacramento-San Joaquin Delta and San 
Francisco Bay salt ponds, California (USA), are colossal examples 

Fill for buildings 
and highways

Levee

Stream channelization 
and stabilization

Green Tree Reservoir

Common Alterations to Riverine Wetlands

Many managed wetlands produce static conditions that do not provide a suite of ecosystem services that exist in naturally-occurring wetlands. 
One type of managed wetland, Green Tree Reservoirs, which are used to enhance habitat for wintering waterfowl, have been shown to alter 
forest species composition, reduce tree growth, and increase tree mortality when maintained using the same water regimes over many years.

Static water levels
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Floodplain and overbank flow

riparian area

of the difficulty for restoration of the former coastal wetland, now 
as much as several meters below sea level. Even discounting losses 
from impoundments, estuarine fringe wetlands are not keeping 
pace with rising sea level in places such as the Mississippi Delta 
and some areas of Chesapeake Bay.

Lacustrine Fringe
Coastal freshwater wetlands occur along the shorelines of the 
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 pro-
cesses, especially exposure to waves. Great Lakes wetlands differ 
from inland depressional wetlands in that they are shaped by 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. 
At frequencies that vary by lake, high-water-level years periodical-
ly eliminate competitively dominant emergent plants. In ensuing 
years when levels recede, less competitive species are generally able 
to grow from seed or other propagules, complete at least one life 
cycle, and replenish the seed bank before being replaced through 
competitive interactions. Water-level changes are thus vital in 
maintaining wetland diversity, and alteration of natural hydrol-
ogy can impact wetlands.

Historical management of coastal wetlands has included the 
use of dikes to control water levels. Most are managed with an 
emphasis on producing habitat and food resources for migrating 
ducks. The wetlands present today are very dissimilar to those that 
occurred historically. Moreover, the primary land use in the wa-
tershed is now agriculture, which likely results in increased load-
ing of silt and nutrients to waters destined for the lake. Much of 
the shoreline has also been developed for residential, industrial, 
and commercial uses. Breakwalls, breakwaters, and segmented 
breakwaters have been constructed in attempts to reduce coastal 
erosion. However, their net effect has been transport of sediments 
offshore and a reduction in the littoral transport of sand necessary 

to maintain barrier beaches that once protected wetlands from 
wave attack. Wetlands along the shore were also diked, in part to 
gain water-level control and also to reduce wave attack associated 
with loss of the barrier beaches. Diked wetlands lack continuous 
hydrologic connection to the lake and thus do not perform simi-
larly to natural coastal wetlands. Due to lack of interaction with 
lake waters, nutrient transport and processing function differ-
ently in diked wetlands. Human-induced changes in water levels 
in diked wetlands generally do not coincide with natural patterns, 
as occasional drawdowns in the summer to elicit a response from 
the seed bank typically occur in the months when lake levels are 
highest. Although plant communities are more stable in diked 
wetlands, they lack the diversity of species and habitats found in 
coastal wetlands with natural cycles of high and low water levels. 
Fish communities are restricted to those species that gain access 
when water is pumped into the wetlands and thus have reduced 
diversity. Critical spawning and nursery habitat for many lake 
species is also lost.  Native unionid clams that rely on certain fish 
species to distribute glochidia suffer also.

Impounded Wetlands
Impounded wetlands are constructed habitats that have had their 
natural processes completely altered, often in natural wetland types 
mentioned above. Humans have created impoundments for many 
purposes, ranging from harnessing energy to providing water for 
municipal and agricultural uses. Moreover, large wetland losses 
have occurred from impoundment creation, in addition to drain-
age, filling, and channelization. Impoundments have also been 
created on natural wetlands to enhance specific types of habitat, 
such as impoundments that favor waterfowl. However, creating 
static conditions with impoundments removes natural flooding 
and drying phases important for long-term productivity. Further, 
for impounded streams, the increased hydraulic head at impound-
ment outlets contributes to downstream channel incision during 
spates. Such negative effects could be predicted if the effects of 
impoundment creation were assessed at scales that encompass the 
drainage network in which impoundments are placed.  

Continued on page 21

Services Provided by Riverine Wetlands

Floodplain and overbank flow

Riparian area

Fluctuations in water level

The “flood pulse” that usually occurs every year or two 
contributes to species exchange between the stream channel 
and the floodplain.

Historically, riverine wetlands were locations for 
settlements and provided subsistance fishing and 
hunting.
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While humans often view impoundments as 
long-term investments that provide a targeted ser-
vice to society (e.g., flood-protection), they clearly 
have finite life spans. Lessons can be learned from 
beaver dams, the natural analog to created impound-
ments. Beaver dams provide valuable wildlife habitat 
over considerable periods of time, albeit at different 
locations over time as existing dams breach and new 
ones are constructed throughout drainage networks.  
Periodic flooding of previously dry areas provides 
the dynamic hydrology similar to that described 
for flood-pulse processes of rivers, depressional wet-
lands, and coastal wetlands. In contrast, human-im-
pounded wetlands have more extended hydroperiods 
that interfere with critical dry phases characteristic 
of natural impoundments. 

Impounded wetlands have short effective lives 
because they serve as settling basins within otherwise 
high energy systems that mobilize sediments. Filling 
rates are much greater in small reservoirs and im-
poundments. Impounded wetlands also accumulate 
solutes such as salts, nutrients, and environmental 
contaminants, sometimes in quantities sufficient to 
compromise ecological services. Although wetlands 
are often touted as nutrient sinks that improve wa-
ter quality, excessive nutrient inputs contribute to 
eutrophication, shifts in species composition, shifts 
from diverse native plant communities to invasive 
plants such as cattails, accelerated releases of green-
house gases, and downstream transport of phospho-
rus when impounded wetlands become phospho-
rus-saturated. Impoundments in lotic systems also 
constrain the movement of aquatic organisms, yet 
this problem has been poorly studied except for spe-
cies of economic importance or species of conserva-
tion concern. Because impounded wetlands change 
hydroperiods, a concomitant shift in native biotic 
communities also occurs when they are excavated 
or impounded to extend hydroperiods for waterfowl 
and livestock watering.

Despite these shortcomings, impounded wet-
lands represent a substantial portion of the wetland 
habitats available today and will continue to provide 

targeted ecosystem services. However, information 
critical to their effective management is often lacking. 
To minimize sediment and nutrient accumulations, 
for example, managers need area-specific information 
on composition of inflowing waters. In other cases, 
knowledge of the source of the unwanted imports can 
help identify upland areas to target with conservation 
programs that reduce erosion and conserve topsoil 
and stabilize agrichemicals. Regardless, most small 
impounded wetlands will eventually fill with sedi-
ment, thus requiring remediation.

Conclusions
Managers are frequently faced with ecosystems where 
natural processes that once maintained ecosystem ser-
vices have been greatly altered. Knowledge of the origi-
nal hydrogeomorphic setting and temporal cycles of 
specific wetland types can prepare managers with tools 
useful for implementing remediation practices that re-
cover some of the original wetland services. In so doing, 
practices can be implemented that simulate natural pro-
cesses to achieve ecosystem sustainability through man-
aging productive systems rather than specific products. 
Of course, for these practices to be implemented suc-
cessfully, administrative and policy support is necessary. 
Understanding forces that drive productive ecosystems 
is a key component of initiating and maintaining a sus-
tainable flow of goods and services. 
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