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Corps of Engineers Research Report Summary, August 1993

Wetland Functions

A Hydrogeomorphic Classification for Wetlands (TR WRP-DE-4)

ISSUE:

Under the Corps 404 Regulatory Program, the
permit review process requires assessing the
effect of a project on wetland functions. Many
of the currently available methods fail to address
critical technical and programmatic require-
ments.

RESEARCH:

The hydrogeomorphic classification of wet-
lands is intended to lay a foundation for and
support ongoing efforts to develop methods for
assessing the physical, chemical, and biological
functions of wetlands. Strengths of the classifi-
cation include its ability to clarify the relation-
ship between hydrology and geomorphology
and wetland function, and its open structure,
which allows adaptation in various types of
wetlands and geographic regions of the country.

SUMMARY:

This report outlines a classification of wetlands
based on the wetland hydrogeomorphic proper-

ties of geomorphic setting, water source, and
hydrodynamics. Indicators of function are dis-
cussed as derivatives of the three basic proper-
ties, along with the ecological significance of
each of the properties. Development of “pro-
files” that reveal the functions that wetlands are
likely to perform is discussed.

AVAILABILITY OF REPORT:

The report is available on Interlibrary Loan Ser-
vice from the U.S. Army Engineer Waterways
Experiment Station (WES) Library, telephone
(601) 634-2355.

To purchase a copy call the National Technical
Information Service (NTIS) at (703) 487-4650.
For help in identifying a title for sale call (703)
487-4780.

NTIS report numbers may also be requested
from the WES librarians.

Please reproduce this page locally, as needed.
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Figure 2. Four major hydrologic types of wetland types in Wisconsin
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Figure 5. Classifications of wetlands based on their functional properties (Sheet 1 of 4)
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categories. The concept of only three primary controls did not, of course,
explain more than the most gross aspects of the variation among all wet-
lands. Modulating factors like fire, herb ivory, frost, and other variables
were necessary to further characterize specific wetlands and their vegeta-
tion (Figure 5c).

During this same period, other classifications emerged that have been
discussed in the previous section. However, one developed by Kangas
(1990) stands out as embodying landscape properties that could be ex-
tended beyond wetlands. This system recognizes four spatial distributions
of energy (sheet, point, front, and line) and combines them with six basic
ecosystem forms. The resulting patterns are represented by the following
ecosystem types (Figure 5e): zones (tidal salt marshes), string (string
bogs), islands (perpendicular to strings), strip (streams and floodplains),
background (large bogs, which may have other types embedded within
them), and center (cypress domes in Florida). These are similar to the pat-
tern recognized for cypress wetlands of Florida (Odum 1984), which are
arranged in order of increasing water and nutrient flows (Figure 5f). Fire
could be added as a factor that controls ‘vegetation structure and resets
succession.
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Figure 9. Principal sources of water

fluctuations above the surface are derived from overbank flows-when
stream discharge exceeds channel capacity. Under natural conditions, lat-
eral flows tend to be negligible in precipitation-driven wetlands except
with major rainfall events when radial flow from the center may occur
from raised peatlands.
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Groundwater discharge from slopes or in the
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. .
Examples of water sources

Knowledge of the source of water often reveals its chemical make-up.
The source may also reveal something about flow paths and the energy re-
quired to transport the water to the wetland surface. However, hydrody-
namics, covered below, deals more explicitly with the mechanism of
delivery. Here we will examine what functional characteristics tend to
covary with water source.

Precipitation is a source of water for virtually all wetlands and, be-
cause it varies with climate, it is essential for comparisons of wetlands
among climatic regimes. Even within a given climatic regime, however,
the relative importance of precipitation is a function of presence and domi-
nance of the other two sources. Table 4 provides examples of five combi-
nations of water sources, discussed next, while other examples are
described later in this section. Dominant water sources and the climatic
setting in which each of the five examples occurs are listed in column 1 of
Table 4. The first one receives precipitation exclusively and is necessarily
located in a moist climate. The second wetland receives surface transport
or near-surface transport from overbank flows, but groundwater sources
cannot be excluded without the availability of appropriate data. The re-
maining three wetlands receive substantial groundwater discharge; the
first of these three is in a mesic climate, and the other two are in more
arid climates. Obviously, more combinations than these five examples
exist in nature. Next, a qualitative scale given in column 2 provides some
assessment of the relative dominance of the principal water sources rela-
tive to others. In column 3, these water sources are described in more
quantifiable terms (e.g., seasonality of flooding, cumulative rise or draw-
down in water table, duration and frequency of flooding). The fourth ~ol-
umn explains how the water sources function to interact with each other,
create anaerobic conditions or flush sediment pore-waters, and transport
nutrients and sediments. Further elaboration would be possible based on
site-specific studies. Finally, the ecological significance of the functions
is explained in the last column of Table 4. Ecological significance in
some cases is little more than an interpretation of function based on hydro-
logic common sense or professional opinion. While hydrologic measure-
ments are time-consuming and expensive, others could be estimated by
extrapolating from studies that have been conducted in similar ecosys-
tems.

To further illustrate the importance of climate, and, by inference, the
importance of recognizing the environmental setting in which a functional
classification is conducted, six common wetland types are examined to
see how different atmospheric moisture regimes might interact with other
sources of water to result in a characteristic, composite group of water
sources. Each wetland is examined to consider the hypothetical effects of
two climatic conditions: a warm arid climate and a climate characterized
as cool and moist. (A shorthand approach is expressed quantitatively as
PET ratio. An arid climate would have less precipitation than PET (PET
ratio <1), while a cool, moist climate would have greater precipitation
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than PET (PET >1 ).) The six ecosystems are prairie pothole marsh, om-
brotrophic peat bog, high-gradient riverine forest, low-gradient riverine
forest, tidal freshwater marsh, and tidal saltmarsh.

“ Prairie pothole marsh. (May also apply to kettles, Carolina bays,
playa lakes, and other depressional wetlands with limited catchment
area.)

- Arid climate. Under climatic conditions of the northern prairie
(central Iowa and northward), wetlands have a negative
atmospheric water balance (precipitation minus PET) ranging
from -10 to -75 cm (Winter 1988). Depressional storage during
each year is a function of previous runoff and climatic
conditions. Groundwater interaction with wetlands occurs
through a nested set of local to regional flow systems in which
recharge occurs at water table highs and discharges at water table
lows. Both recharge and discharge can occur in depressions
containing wetlands; it is common for a wetland to receive
groundwater discharge in one part and recharge in another and
for seasonal reversals to occur. The variation of both
atmospheric and groundwater interaction induces fluctuations in
water quality (LaBaugh 1989) and wet-dry cycles (ephemeral
wetlands) characteristic of multiyear successional cycles in
prairie pothole marshes (Weller and Fredrickson 1974).

— Cool, moist climate. Conditions probably are not conducive to
maintain the depressional configuration of prairie potholes or the
marsh vegetation associated with them. Instead, peat-forming
wetlands are likely to develop in depressions, and paludification
may propagate more poorly drained conditions across the
landscape (Heinselman 1970). Where depressions may have
occurred in the landscape at one time, potentially inherited
topographic features have been obliterated by paludification and
replaced with new topographic features. If domed peatlands
develop, characteristics described below (ombrotrophic peat
bogs) apply. Deep kettle lakes that are oligotrophic may remain
as open water rather than undergoing hydrarch succession as
typified in many ecology textbooks.

● Ombrotrophic peat bogs.

– Arid climate. Conditions are antithetical to development of this
ecosystem.

40

– Cool, moist climate. This wetland type is dependent upon
precipitation exceeding PET. Where climatic conditions are
marginally conducive for peat accumulation, restricted drainage
is likely required to initiate peat accumulation.
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“ High-gradient riverine.

– Arid climate. Small catchment areas with intermittent flow
seldom support wetlands. In such climates, wetlands are
dependent primarily on groundwater seeps, or, in larger drainage
basins, inflows from upstream. Both V-shaped and U-shaped
bedrock valleys in the Sierra Nevada region of California tend to
be barren of riparian vegetation in comparison to valleys
containing glacial till (Harris 1988).

– Cool, moist climate. As with the low-gradient floodplain
described below, water may play a major role as a geomorphic
agent for transporting sediments, nutrients, and organic matter,
In the smaller streams, woody debris can be considered a
geomorphic agent that is supplied through biologic processes
(Triska and Cromack 1980, Sedell and Beschta 199 1). Where
present, beaver result in further modification of the
geomorphology (Naiman, Johnston, and Kelley 1988).

“ Low-gradient alluvial floodplain wetland.

– Arid climate. In arid regions, wetlands and streams on alluvium
of a floodplain, when adequately saturated with water during
moist periods, may act as a source of recharge to water tables in
the vicinity. Flows from upstream are often critical to riparian
plant communities because of little local rainfall at low
elevations (Zimmerman 1969), as exemplified in regions where
flow diminution occurs with decreasing elevation (i.e., losing
streams). In such situations, riparian vegetation becomes
increasingly dependent on water supplied from upstream.
Detention of water in reservoirs on tributary streams places
additional stress on riparian vegetation downstream.

– Cool, moist climate. Unlike the situation described for arid
climates, only protracted droughts are likely to create extreme
drawdown of water tables under natural conditions. In fact,
water may be more important either as a geomorphic agent or as

a stressor because of waterlogging rather than having an effect on
water storage. Physical disturbance from ice floes may abrade
the vegetation in colder regions (Bliss and Cantlon 1957). Such
flooding may result in accretion of sediments on the floodplain in
some areas and scouring in others (Hardin and Wistendahl 1983).
It appears that as floodwaters become less limiting in
supplementing site water balance, they become more important as
a medium for transporting nutrients and sediment. For floodplain
wetlands assembled along a gradient from low to high order
streams, the ratio decreases between groundwater and run-on
sources and overbank flooding.
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Table 5 (Continued)

Examplea of Hydrodynamics Qualitative Evidence Quantitative Evidence Functions Ecological Significance

Vertical Fluctuation of Water Table (Continued)

Nearly constant water table at or Relatively constant WT position Water table hydrography have Stable WT encourages peat Landscape patterns dominated
near surface. suggests low ET because of cool, little fluctuation and are at or near accumulation. Where ET is low, by biogenie process of peat

moist climate; if ET is high, strong surface. A cool, moist climate may ombrotrophic conditions promote accumulation that is vulnerable to
groundwater discharge required. suggest low ET; otherwise, strong bog formation. Strong ground- changes in drainage and climate.

GW discharge must be assumed. water sources encourage For seepage slopes, species
development of fens or maintain composition reflects waterlogged
seepage slopes. soils that are nevertheless well

flushed and not strongly reduced.

Unidirectional Flow

Flow velocities correspond with Coarse sands and cobble Currents strong enough to export Strong currents ensure active Strong downstream transport
high-gradient Iandforms. sediments; pool and riffle bedform. fines; particle sizes confirm high

Evidence of flooding is transient
geomorphic Iandform. Wetland

fluvial energy.
processes. Well-aerated water

well flushed because of high supports coldwater fish
(e.g., debris lines, tree damage). turnover rate of water. populations.

Flow velocities correspond with Fine to coarse sediments (silts Measurements of flow velocities Interspersion between well- Interspersion of low- and high-
middle-gradient Iandforms. and sands); easily observable and sediment particle size confirm flushed and stagnant areas on energy environments supports

flow; point bars develop. Evidence middle-gradient condition. floodplain. During flooding, strong complex food webs. Possesses
of flooding is persistent (e.g., transport of particulate matter capacity to import nutrients or
sediments, disturbance-dependent occurs. export toxins.
plant communities).

Flow velocities correspond with Fine sediments (silt-clay and high- Slope, flows, and particle size Residence time of water allows
low-gradient Iandforms.

Good conditions for trapping
organic content); barely perceptible distribution all confirm low-energy long contact between water and
flow during flooding.

sediment and altering water
system. sediment; low-suspended load quality. As nutrient trap, food web

allows light penetration. support is strong. Reducing
conditions favor strongly obligate
wetland species.

(Sheet 2 of 3)
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3 Indicators of Functioning

In the foregoing sections, Tables 3, 4, and 5 provided the logic of con-
necting fundamental wetland properties with ecological significance. It
was assumed that with sufficient information on geomorphic setting,
water source, and water movement, it should be possible to make reason-
able judgments on how these physical properties can be translated into
wetland functions. This is an inductive approach and should remain open
to testing and further development. What is missing from this sequence
for a practitioner who classifies and determines functions is a methodol-
ogy for estimating or quantifying these properties for a particular wetland.
This requires a deductive approach. In practice indicative of functions
are need rather than the functions themselves.

Indicators can be observed in the field (high-water marks, species com-
position, soil texture, etc.) or can be derived from other data sources
(maps, water quality data, etc.). They can be used both to aid in classifica-
tion of a wetland and to predict whether a wetland has a particular func-
tion. In other words, they are surrogates for function rather than function
itself. There would be little gained in using indicators for groundwater
discharge or overbank flooding if one could depend upon observing these
directly on any given field visit. To illustrate indicators and how they can
be interpreted to reveal water source and associated habitat features, three
examples are given.

a. Prairie potholes. The salinity of water in prairie potholes provides
insight into both the water source and fate. Seepage conditions
range from potholes with outflow only (Figure 14c) to ones with
seepage inflow only (Figure 14b). These two extremes correspond
to fresh and saline end points shown in Figure 14a. A balance
between inflow and outflow results in intermediate salinity (Figure
14d). From such information, inferences can be made about the
source of water and to some extent hydrodynamics.

b. Brackish marsh salinity. If a coastal brackish marsh contains water
of 17 ppt salinity, one can normally assume that about half of the
water was derived from sea water (35 ppt) and the other half from a
combination of freshwater runoff and precipitation (<0.5 ppt).
Consequently, rather than salinity being a hydrogeomorphic factor

Chapter 3 Indicators of Functioning
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Figure 14. The relationship between seepage conditions (groundwater
flow) and water salinity in prairie potholes. (a) Left-hand side
of graph is fresh with net seepage outflow. Right-hand side
of graph is saline because all the water that flows into the
wetlands is evaporated. Diagrams b, c, and d illustrate cross-
sectional profiles and direction of water
(1972)
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Hydrarch succession—The sequence of community changes that occurs
as an aquatic ecosystem fills with sediment and eventually, through
mostly extrinsic factors, develops into a terrestrial ecosystem.

Hydraulic conductivity~—A coefficient describing the rate at which
water can move through a permeable medium.

Hydraulic gradientt—The change in total head with a change in distance
in a given direction. The direction is that which yields a maximum rate
of decrease in head.

Hydrodynamics*—The motion of water that generally corresponds to its
capacity to do work such as transport sediments, erode soils, flush pore
waters in sediments, fluctuate vertically, etc. Velocities can vary
within each of three flow types: primarily vertical, primarily bidirec-
tional and horizontal, and primarily unidirectional and horizontal. Ver-
tical fluxes are driven by evapotranspiration and precipitation.
Bidirectional flows are driven by astronomic tides and wind-driven
seiches. Unidirectional flows are downslope movement that occurs
from seepage slopes and on floodplains.

Hydrologic—Dealing with the field of hydrology or the distribution and
movement of water.

Hydroperiod*—The depth, duration, seasonality, and frequency of flooding.

Hydrostatic head—Piezometric head. A position of higher water-table
stand relative to a lower one. Water flows toward decreasing hydro-
static heads, and not necessarily to lower elevations. See hydraulic
gradient.

Hypersaline—Generally values well above sea water, i.e., greater than
40 ppt.

Ice floes-Floating masses of ice usually associated with spring breakup
on lakes and rivers.

Igap6—Refers to the portion of the Amazon Basin not derived from the
foothills of the Andes where suspended sediments arise. In contrast,
these waters tend to be clear albeit somewhat stained.

Indicators (of function) *—Water chemistry, species composition, soil
characteristics, or some other feature that allows one to infer or predict
certain ecosystem functions or other conditions.

A6

Inundation—The condition of water occurring above the surface, i.e.,
flooding.
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Wetland—Those areas that are inundated or saturated at a frequency to
support, and which normally do support, plants adapted to saturated
and/or inundated conditions. They normally include swamps, bogs,
marshes, and peatlands.

Appendix A Glossary Al 3






