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HYDROLOGY AND DELINEATION OF FOUR WETLANDS

IN THE OREGON CASCADES

INTRODUCTION

In the early 1970's, the nation's wetlands were

recognized not only to have values disproportionate to

their relative areas, but also to be disappearing at an

alarming rate. The four Federal regulatory and

conservation agencies concerned with wetlands (the Army

Corps of Engineers, Fish and Wildlife Service, Soil

Conservation Service and the Environmental Protection

Agency) utilized four differing approaches to the

definition of wetland boundaries, and enforced them with

varying degrees of intensity according to the internal

interpretation of their missions (Wilen and Tiner, 1989).

Considerable confusion and dissent ensued regarding the

management and/or protection of the wetland areas. The

process of agreement between regulatory and conservation

agencies, users of the land resource, conservation groups

and other interested parties has been long and difficult

and is by no means complete. However, by 1989 the four

regulatory agencies, in a collaboratory effort, had

produced the Federal Manual for the Identification and

Delineation of Wetlands (Federal Interagency Committee for

Wetland Delineation, 1989). This manual became the primary
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means by which wetlands have been identified and delineated

throughout the nation.

Since this study began, however, the 1989 Federal

Manual has come under attack from the Council for

Competitiveness within the executive branch of the Federal

government. The Council for Competitiveness issued a set

of revisions to the manual in 1991 and threw the concerted

Federal approach into a state of disarray, adding

considerable urgency to the question of what constitutes a

wetland. Such regulatory confusion at the highest levels

of Federal administration illustrates the need to

scientifically evaluate the roles of hydrology, vegetation

and soils with regard to the formation, maintenance, areal

distribution and ultimately delineation of wetland systems.
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OBJECTIVES

The intent of this study is to examine the inter-

related physical, biological and hydrologic characteristics

of four wetland sites in Silver Falls State Park in order

to gain insight into the ecological functions of wetlands

and the nature of the gradient zones surrounding them. A

further objective is to monitor the onset and progress of
the growing season to observe the interplay of plant growth
following dormancy, rising soil temperatures, and receding

subsurface water levels during the transition from winter
to spring. Taken together, pursuit of these objectives
should provide a view of wetlands not as places around
which lines can be drawn within which are assemblages of
plants peculiarly adapted to an abundance of water over
specific periods, but rather as areas where processes

integrate an array of physical and biological factors in
both space and time. Finally, it is hoped that this study
will contribute some ideas regarding methods of delineating
the functional geography of wetlands.
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LITERATURE REVIEW

Wetland Functions, Values, and Definitions

A wide array of functions and values have been

associated with wetlands both in their natural states and

as goals for their creation or restoration. Desirable

functions of wetlands include the delay and reduction of

flood peaks due to storage capacities and surface

roughness, areas for the production of fruit, grain, meat,

fish and shellfish, wildlife habitat, water quality

improvement through sediment and pollutant trapping and/or

absorption, and shore and riverbank protection. Wetlands

may provide a variety of aesthetic values such as open

space, diversity of plant cover, and wildlife observation,

as well as providing opportunities for research and

recreation.

A single comprehensive definition of a wetland has

been an elusive goal. Wetlands tend to exist along a

gradient of decreasing wetness from deep or moving water

habitats to uplands. They may be simple to define in

abrupt topography, but determination of their boundaries in

gradually sloping terrain can be extremely difficult

(Tiner, 1988). The U.S. Fish and Wildlife Service has

stated that "...there is no single, correct, indisputable,

ecologically sound definition for wetlands, primarily

because of the diversity of wetlands and because the
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demarcation between dry and wet environments lies along a

continuum." (Cowardin, et al. 1979). Three major Federal

wetland definitions exist, all of which include three basic

components: hydrology, vegetation, and soils (Appendix A).

Of particular importance to this study is the interaction

of these components in the transition zone between wetland

and upland ecosystems.

Water in and around Wetlands

It is generally acknowledged that the hydrologic

regime is the essential creative component in the

occurrence and endurance of wetlands. The identification

of the local hydrology then becomes a crucial step in the

wetland identification and protection process. The

difficulty lies in the fact that wetlands tend to occupy

the transitional regions between aquatic and terrestrial

systems and often exhibit characteristics of both, as well

as unique traits of their own (Smith, 1980). Most

definitions of wetland hydrology refer to a requirement

that the water be present at such a quantity and period of

time as to establish plant communities and soil

characteristics recognized as typical of wetland conditions

(Mitsch and Gosselink, 1986).

Zimmerman (1987) identifies five influences of the

yearly hydroperiod on vegetation:

1. Water levels are generally higher from fall to
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spring, though this may have little effect on the

vegetation since respiration rates are low.
2. Water levels are lowest in late summer, since

hydrologic resupply of wetlands from groundwater is at its
lowest point at the same time evapotranspiration rates are

highest. Rates of germination and establishment of wetland

plants are highest at this time also, but hazards such as

desiccation, fire, and peat substrate float-ups are also at
an apex.

3. Wetlands experiencing little fluctuation in water
levels tend to accumulate organic material, typically in
the form of peat. Their vegetative communities then become

sensitive to small but cumulative drops in summer water

levels over long-term drier periods, during which they may
become vulnerable to fire or bacterial activity, both of
which can lead to major transitions in community structure
and losses of organic matter.

4. Wetlands having either large (e.g.: riverine) or
small (e.g.: arid land vernal pools) contributing areas are
inclined to magnify unusual fluctuations in weather
patterns, particularly in summer. Plant communities in
these areas might tend to be composed of annual species, or
simply undergo frequent renewal.

5. Wetlands supplied by groundwater are less affected
by recent meteorological events. They are, however,

subject to long-term trends in water levels which may be
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capable of killing vegetation many decades old. These

changes could result from flooding due to the long-term

accumulation of above average precipitation or drought.

Particularly severe droughts may extend well into a trend

of wetter conditions due to the time required to recharge a

large aquifer in the nearby topography.

However, Zimmerman writes from a northern Midwest

perspective, and though his observations generally

translate well to other ecosystems, they may not

consistently represent Northwest conditions.

Hydric Soils and the Wetland Periphery

The Soil Conservation Service defines hydric soils as

"...soils that are saturated, flooded, or ponded long

enough during the growing season to develop anaerobic

conditions in the upper part" (USDA Soil Conservation

Service, 1987). The 1989 Federal Manual goes on to say

that "...hydric soils are flooded, ponded, or saturated for

usually one week or more during the period when soil

temperatures are above biological zero 41°F..." (Federal

Interagency Committee for Wetland Delineation, 1989). The

defining criteria in the Federal Manual are listed in

relation to soil texture such that in very poorly drained

soils (those having a transmissivity of less than 6 inches

per hour within 20 inches), the water table must be less

than 1.5 feet from the surface for a week or more during
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the growing season in order the area to be identified as
wetland. Poorly drained soils (having permeability equal
to or greater than 6 inches per hour within 20 inches) must

have the water table at less than 1.0 feet from the surface
for a week or more during the growing season, and somewhat

poorly drained soils must have a water table at less than
0.5 feet from the surface for the same length of time.

Given the seasonal nature of saturation in many

wetlands, especially in the boundary region, onsite
determinations of hydric soils often must depend on

indicators such as soil color, mottling, iron and magnesium
concretions, oxidized rhizospheres and other signs of
anaerobic conditions engendered by microbial and

macrophytic activity during soil saturation. In a study of

water tables in Willamette valley soils, strong correlation

was found between the depth of faint mottling and the soil
water level during the early part of the growing season
(Boersma and Simonson, 1970). Soil color as well as the
abundance and size of concretions were also consistent with
soil water depth. Although no single color feature was

found to be a consistently useful indicator, joint
consideration of these morphological features facilitated

assessment of water table regimes.

A 1990 overview and amplification of twelve studies
across the United States examined the degree of

correspondence between hydric and non-hydric (or upland)
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soils and the hydric nature of the vegetation they

supported (Segelquist, et al. 1990). This study found the
agreement between hydric soils and hydrophytic vegetation

to be almost universal. Upland soils and non-hydrophytic

vegetation did not correlate as well, but it was felt that
most of the variation occurred because most of the upland

soils encountered were in the transition zone between clear

wetland and clear upland, and that had more samples been

taken farther into the upland areas, a better relationship
would have been found. The agreement was better for

herbaceous vegetation than for overstory woody species,

perhaps indicating the integration by long lived organisms
of both past and current conditions. Josslyn et al (1990)
noted that although the dominance of obligate wetland

species was directly linked to the degree of anaerobiosis
in seasonally wet soils, little correlation was found
between soil redox potentials and degrees of prevalence of
facultative wetland species. They offer as explanation the
possibility that other environmental, adaptive and

competitive factors besides soil saturation are involved in
plant community species composition. It was suggested by a
number of authors whose work was included in this
compilation of studies that some ambiguity might be removed

by critically reviewing lists of plants occurring in
wetlands on a regional basis.

The physical characteristics of soils comprising the
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substrate of both a wetland and its immediate contributing
area will have a profound effect on wetland hydrology. A

study by Harvey et al. (1987) recorded groundwater flow

through a stratigraphic series between a hill and a tidal

stream. Employing piezometers to measure hydraulic head

distributions and recording the electric conductivity of
groundwater at a series of depths, they found that the

groundwater flow into the marsh was substantially limited

by the presence of a narrow clay lens in the neighboring
hillslope. The effect contradicted their expectation that

groundwater flowing from a steep adjacent contributing area
should have exerted a strong influence on the pore water in
the tidal marsh. Faulkner and Richardson (1991) note that
clay soils, particularly those with high shrink-swell

potential, may, when dry, have very large interconnected

pores and transmit water rapidly until saturated, at which

point water movement becomes extremely slow. Steiner and
Freeman (1991) recommend that soil or other materials with

conductivities of less than 10-6 cm/sec be used as lining
material in constructed wetlands and more porous material
such as sand or gravel be used to provide a substrate
designed to conduct water and permit the establishment of
plant root systems that facilitate the treatment of

wastewater.
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Plant Communities in the Transition Zone

Plant zonation in and around wetlands is dependent on

a multiplicity of factors and site characteristics such as

topography and geographical location, site disturbance and

the physical conditions, and biological interactions

following disturbance. Additional factors include

hydrologic variables such as seasonality, frequency,

duration, and the quantity and quality of water available

to a system (Zimmerman, 1987). Hydric vegetation is

defined as vegetation typically adapted for life in

saturated soil conditions, and the composition of hydric

communities might therefore be predictably dependent on the

hydrology of the site. However, it appears that community

composition tends to be the result of stochastic patterns

of establishment and subsequent environmental interaction,

and can be highly varied within similar hydrologic regimes.

Due to the interaction of the entire series of hydrologic,

edaphic and vegetative factors, distinct boundaries between

plant communities, soil types, or any other environmental

gradient are the exception rather than the norm (Segelquist

et al, 1990).

When delineating a wetland boundary, a gradient series

is typically observed over the transition zone between

aquatic to terrestrial plant communities, and the point of

progression from the least hydric to the least terrestrial

communities is often used to denote a line between wetland
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and upland (Kusler, 1987). But given that differing

communities can occur in areas having similar hydrologic
characteristics, accurate demarkation will probably not be

a simple matter of noting the extent of a particular plant

community, since any site will exist within an array of
physical and/or historical contexts, all of which impinge
upon plant species establishment and continuity (Niering,
1987). A pointed question, one that bears on the issue
being examined in this study, might be the converse: Can

similar plant communities exist in areas having different
hydrologic characteristics?

Federal Delineation of Jurisdictional Wetlands

The Federal Manual for Identifying and Delineating

Jurisdictional Wetlands (hereafter referred to as the

"Federal Manual") was produced in January of 1989 through

the cooperative efforts of the U.S. Fish and Wildlife

Service, the Environmental Protection Agency, the

Department of the Army's Corps of Engineers, and the Soil

Conservation Service (Federal Agency Committee for Wetland

Delineation, 1989). It defines the mandatory technical

criteria for the identification of wetlands as the

determination that an area has hydrophytic vegetation,

hydric soils, and wetland hydrology. The Federal Manual

provides field indicators, sampling procedures and other

methods by which these criteria might be ascertained.
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Hydrophytic vegetation is defined in the Federal
Manual as "macrophytic plant life growing in water, or on a
substrate that is at least periodically deficient in oxygen
as a result of excessive water content" (Federal

Interagency Committee for Wetland Delineation, 1989). The

Federal Manual further presents a method by which the

prevalence of hydrophytic plant species may be determined.

Some species of plants occur essentially strictly in
standing water and/or saturated soils; these are referred
to as obligate wetland plants (OBL). Others appear more

often than not in saturated conditions, but are also
occasionally found in situations tending more toward

uplands, and are referred to as facultative wetland plants
(FACW). Plants as likely to be found in uplands as

wetlands are noted as facultative plants (FAC).

Facultative upland plants (FACU) are generally encountered
in upland areas, but can also be found in wetlands. Plants
found essentially always in uplands are called obligate
upland plants (UPL), and are generally not included in
wetland plant lists. These groupings are assigned values
of 1 to 5, from OBL to UPL. If a frequency analysis
produces a weighted average of 3.0 or less, and hydric
soils and wetland hydrology are determined to be present,
the area is a jurisdictional wetland. If the average is
3.0 or more with the same soils and hydrology, the area is
considered to be a "problem area wetland". Determining
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whether or not a disturbed area is a jurisdictional wetland

may be very complex, involving not only an assessment of

the current physiography, but also an historical
reconstruction of the original vegetative, soil, and

hydrologic features based on written records, physical
evidence, and/or nearby undisturbed areas having physical

parameters similar to the subject area prior to alteration.
A hydric soil develops "...under conditions

sufficiently wet to support the growth and regeneration of
hydrophytic vegetation." (USDA Soil Conservation Service,
1987). The Federal Manual includes criteria regarding free
water surface depths in relation to the drainage
characteristics of various soils as well as the ponding
and/or flooding of soils. Scott et al. (1989) note
difficulties in the identification and mapping of hydric
soil types due to inclusions, disturbance, macroscale
variation, as well as unnamed soils and other problems, yet
find significant correlation between the occurrence of
wetland vegetation (weighted average <= 3.0) and the
presence of hydric soils over a variety of wetland
communities and a geographically broad distribution of
sites.

An area is considered by the Federal Manual to have
wetland hydrology if ponded, flooded or saturated for a
sufficiently long period (usually a week or more) to cause

anaerobic conditions during the growing season. The
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defined position of the free water surface varies with soil

drainage class. The growing season is specified according

to an agricultural parameter, i.e.; the period during

which the soil temperature is at or above 41 degrees F, or

biological zero as defined by the USDA Soil Conservation

Service.

The Federal Manual describes two general methods for

the delineation of wetland boundaries: an offsite, or

office procedure, and a set of onsite procedures ranked

routine, intermediate, and comprehensive, as well as

procedures for delineating wetland boundaries in problem

areas and on disturbed sites. The offsite method is used

when precise delineation is not critical, and uses as
primary data sources National Wetland Inventory maps,

topographical maps, soil surveys, and aerial photos.

Onsite inspection techniques are described for use in

situations in which it becomes necessary to accurately

locate the wetland boundary. Tiner (1989) reports that in

most instances, the routine level of inspection is

adequate. The dominant plant communities are estimated,

and hydric soils and hydrology characterized for each

hydrophytic community.

For areas in which the dividing line between wetland

and upland is gradual or not distinct, more intensive

methods are provided. The intermediate approach uses

quadrat transects or vegetation unit sampling procedures,
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the former consisting of 40 inch by 40 inch quadrats

sampled along established transects, and the latter

involving the designation of bounded plant communities

within which meander surveys of relative percent cover are

conducted. Soils and hydrology are assessed as needed.

The comprehensive method is the most labor intensive,

and requires considerable expertise. The Federal Manual

suggests that "a team of experts, including a wetland

ecologist and a qualified soil scientist" may be needed to

use this method. Tiner (1989) feels that it is possible

for a "highly trained wetland boundary specialist" to

independently use this method. Methods for identifying and

delineating "disturbed and problem area wetlands" are also

included.

Defining a Wetland using Ecological Parameters

Application of wetland criteria as described in the

Federal Manual yields, as a net product, a line on the

ground denoting the area below the line as wetland and the

area above the line as not wetland. A wetland defined

using "state" variables is then viewed as simply a fixed

place rather than an area capable of change within and

around which a broad array of processes and characteristics

are integrated over time. The ecological dynamics for

which wetland protection statutes were designed cannot then

be fully taken under consideration. In most instances, the
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division between wetland and nonwetland is a continuous

transition along a gradient as opposed to a discretely

identifiable line. Valued wetland functions tend not to

occur independently within a delineated boundary, but

rather are inextricably linked to processes both above and

below the boundary.

In general, it is reasonable to expect that effective

protection of a wetland's ecological function requires that

criteria employed in locating the wetland boundary be

connected to ecological processes taking place within and

around the wetland. It may be, for instance, that an

agricultural definition of the growing season is

insufficient for wetland systems. Personal observations

have shown that Eastern skunk cabbage (Symplocarpus

foetidus), for instance, is biologically active to the

point of initiating reproduction while soil temperatures

are still at the freezing level. Witch hazel (Hamamelis

virginiana) flowers during late fall to early winter, long

after the upper soil horizons have been freezing regularly.

A considerable amount of amphibian reproduction takes place

in New England vernal ponds during the first warm rain

while frost is still in the soil. Perhaps a better

definition of the growing season would be one linked to

budbreak and/or reproductive activity in and around the

particular wetland under consideration.

Wetland researchers have universally agreed that the
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hydrology of a wetland is the single most difficult aspect

of wetland ecology to quantify and understand, but yet is

the most important factor in the function and duration of
the wetland system. Typically, the subsoil free water
surface of a non-tidal wetland undergoes seasonal

fluctuation, and boundaries drawn at the outset of the
agriculturally defined growing season may not reflect the

functional areal extent of the wetland. The suggestion has
been made that the inclusion of "buffers" or a "zone of
influence" may be essential in the protection of wetland

functions (Kusler, 1987; R. Beschta, pers. comm.,). It may

be possible to relate the extent of a zone of influence to

a combination of slope, soil characteristics, and local
vegetation. Clearly, hydrologic linkages that exist

between upland and wetland must be considered in the
management and therefore identification of wetlands.
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METHODS

Research Area Location

Silver Falls State Park is located on the west slope

of the Cascade mountains approximately 25 miles northeast

of Salem, OR (Figure 1). The park ranges from about 1,000

to 2,200 feet in elevation. Average annual precipitation

is approximately 74 inches, almost all of which falls

between October and May, with a long dry period from June

through September. Temperatures are mild throughout the

year, and hard freezes are rare. Plant cover is

predominantly Douglas fir forest, some hemlock and alder in

the low and riparian areas, and vine maple in the

understory. The major portion of the forest has regrown

following a number of logging episodes, though individual

mature trees and patches of old-growth can be found

throughout the park. Some meadows are remnant from use as

pasture, and support a diverse mix of grasses and forbs

beneath and among a three- to six-foot overstory of bracken

fern.

Four wetland sites were selected within the park.

Three were riverine wetlands along a tributary to the south

fork of Silver Creek, the other a depressional wetland on

the other side of a low ridge (Figure 2). Elevations of

the sites are between 1500 and 1600 feet.
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Figure 1. Silver Falls State Park location within the
State of Oregon.
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Site Selection, Establishment and Sampling

The criteria for the selection of the individual

wetland sites were several. Sites were chosen such that

the boundary would be somewhat vague and the topographic

gradient gentle; selection of sites having obvious and

distinct transitions from wetland to upland would not have

been instructive. Since little research has been conducted

regarding forested wetlands in the Northwest, two forested

riparian wetland sites were selected along with one river

associated scrub-shrub site. An additional depressional

meadow wetland was selected as a sort of control; that is,

a wetland in which the hydrology would be predictable and

stable and would correlate easily with the distribution of

hydrophytic plant communities and hydric soil indicators.

Care was taken during site selection not to include sites

within which soils had been disturbed by human activity.

Wetlands on each site were first delineated using the

routine onsite method described in the Federal Manual, the

boundary being located for the most part according to soil

characteristics and plant community indicators. A baseline

was then established, and transects run roughly

perpendicular to the delineated boundary from a point well

above the wetland in order to investigate a possible zone

of influence to well into the wetland in order to examine

the relationships between plant community zonation,

hydrology, and the physical characteristics of the soils.
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The relatively long and broadly placed transects were used

so that a number of delineation methods could be tested.

Measurements were recorded in English units, since the 1989

Federal Manual provided the basis for the wetland

assessment methods used in this study and uses the English

system.

Plant communities were sampled according to the

transect approach laid out in the Federal Manual's

intermediate onsite determination method, sampling quadrats

having a 5-foot radius for herbs and bryophytes, and a 30-

foot radius for woody vegetation. Samples were taken at

50-foot intervals along the transect, more frequently in

areas of rapid change or particular interest. All plant

species were recorded (as opposed to just the dominants) as
to the percent cover by species. The hydrophytic

vegetation prevalence index was determined using the

indicator status of the dominants.

Soil characteristics were noted at 6, 12 and 18 inches

using a soil probe. Upslope of the wetland boundary, soil

characteristics were also noted at 24 inches. The 18-inch

depth was considered pivotal given the Federal Manual's

criterion for wetland hydrology. Sample points were

generally located at 30-foot intervals, though 15-foot

intervals were used near the wetland boundary and within

areas of particular interest. Soil colors were recorded

using a Munsell chart. Depths at which changes occurred
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and features such as textures, concretions, gleying and

oxidized rhizospheres were also noted.

Hydrologic Sampling

The depth to the free water surface was monitored with

a network of wells established within each site. Well

transects for the riverine sites (Sites 1, 2 and 3) had

wells at 15-foot intervals near the wetland boundary and

over points of interest and 30-foot intervals elsewhere. A

considerably more extensive network was used in the

depressional wetland, such that each transect had a well

every 15 feet over the entire length, except for Transects

2 and 3, which included gaps over the central portion of

the wetland.

Each well consisted of a 36-inch piece of 3 inch

Schedule 80 PVC pipe with two opposing a inch holes drilled

at 2-inch intervals from the base up to approximately 8

inches of the top. The wells were placed vertically into

the soil to a depth of 32 inches in a hole drilled by a 12-

inch hand auger, leaving 4 inches protruding above the soil

surface. The soil surface was then sealed with clay

brought up by the auger from the bottom of the hole. The

32-inch depth was considered to be sufficient to observe

not only the critical 18-inch depth, but also to observe

the hydrologic dynamics within the transition zone. Depth

to the free water surface was found by lowering an
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instrumented dowel into the well. Two 14 gauge wires were

attached to the dowel, left open at the base and connected

to an ohm-meter, which registered an increase in
conductivity upon touching the groundwater. Water surface

readings were taken at two week intervals before the autumn
rains started, and generally at one week intervals after
that.

Wells were identified by numbers contained three
designators: the first number representing the position of
the well along the transect, the second the transect within
the site, and the third the site within the research area.
Thus, Well -3,2,3 would indicate the third well above the
wetland boundary along Transect 2 in Site 3. Well 0,2,3
would be the boundary well, and Well 4,2,3 would be the
fourth well below the boundary.

Elevations of all well tops were surveyed using a Wild
level to relate the water depths to the soil surface and
generate an image of the free water surface in relation to
the soil surface. This elevational control provided a

basis for evaluating water surface response to
precipitation patterns. At sites 2, 3 and 4, well top
elevations along individual transects were linked to
provide a three dimensional picture of the wetland's
hydrology over the study period.



26

Monitoring of the Growing season

Soil temperatures were monitored during winter and

early spring at the same time water surface depths were

recorded. Readings were taken at 6 inches in the soil next

to a well and at 32 inches in the mud inside and at the

base of the well. Temperature readings were taken well

outside the wetland boundary, approximately at the boundary

and at one or two points well within the wetland. Beaver

pond temperatures were recorded at Sites 1 and 2, and

stream temperatures at Site 3. Stream temperatures were

also recorded at 1-hour intervals over the winter and

spring seasons. Thermographs were located above the

wetland complex at the point at which the stream was

topographically constrained and overshadowed by tall trees

and below at the narrow bedrock controlled outlet just

above the confluence with the south fork of Silver Creek.

This was done not as an integral part of this project's

objectives but more to satisfy local (intra-departmental)

curiosity about the influence of wetlands on stream

temperatures.

The phenology of the vegetation was recorded during

each visit beginning in late January and was continued into

May, by which time the growing season was in full

expression in all sites.
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RESULTS

Plant Community Distribution and Composition

The distribution and composition of plant communities

at a site is dependent upon a number of factors including

the history of human activity, the soil types present and

the hydrology of both immediate and upslope areas. The

recorded species composition can also be predicated to some

extent by the season during which data is collected. The

identification of false hellebore (Veratrum californicum)
at Site 4, for instance, was not confirmed until it emerged

the following spring.

The area within which Sites 1 through 3 are located

underwent a partial harvest in the late twenties. This

created variously sized patches of open space which have

regenerated to a mix of species sometimes determined by the

stochastic process of first arrival and otherwise by

physical changes as a result of the felling of large

conifers. With a reduction in evapotranspiration following

harvest, there may have been an increase in the subsurface

water levels, a factor favoring the establishment of an

overstory composed of alder and hemlock versus Douglas fir.

Such a change would represent an invitation to beaver to

colonize the area, after which the changes in water levels

would have acquired some permanence due not only to the

continued presence of the beavers and their dams, but also



28

the deposition of silts and clays having the ability to

retain moisture and maintain anaerobic conditions for

longer periods during the growing season. Many large trees

felled and left in the lower areas have become foci for dam

building by beaver as well as acting as dams themselves.

Large woody debris tends to affect plant community

distributions as well. Differing communities are

frequently found on opposite sides of a log regardless of

the log's orientation relative to the stream channel or

adjacent slope.

Harvesting also occurred at Site 4 during the late

twenties, but here the area was essentially cleared and

then grazed for many years afterwards up to the point at

which it became a state park. Douglas fir is now moving

downslope toward the wetland following release from grazing

pressure.

Plant Communities by Site

Site 1: Site 1 has three transects across the wetland

boundary (Figure 3). It covers an extended riparian zone

within which are four major plant community types moving

from upland to the stream (Appendix B, Table 1). Broadly

defined, these are:

1. The upland community, consisting of an overstory of

Douglas fir (Psuedotsuga menziesii), western hemlock (Tsuga

heterophylla) and occasionally red alder (Alnus rubra), and
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Figure 3. Site 1, Silver Falls State Park, OR. Baseline,
transects and the delineated wetland boundary.
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an understory of mosses, bryophytes and herbs. Salal

(Gaultheria shallon) is also present, but is not a dominant

understory species.

2. The salmonberry (Rubus spectabilis) community,

which exists largely as a monotypic and dense mass of

brambles with few emergent trees and a limited herbaceous

understory having a strong sphagnum moss component. This

community tends to exist on dense gleyed clays.

3. The mixed wetland community, which exists on
macroscopically level ground but has extremely complex

microtopography, and therefore a highly complex understory
community. Upland species such as salal and swordfern

(Polystichum munitum) are to be found on mounds created by

decomposed large wood, stumps and tipped root wads,

directly adjacent to skunk cabbage (Lysichitum americanum)

an obligate wetland species. The overstory is, as
elsewhere in this site, a mix of tree species which bespeak

a history of change from a formerly predominantly upland

site (large Douglas fir) to the current wetland condition
(smaller hemlock and red alder).

4. The instream (within the bank-full channel)
community, which is itself divided into a number of

distinct types ranging from broad areas of sedge through
which a multitude of small channels pass to a heterogeneous
mix of salmonberry, vine maple (Acer circinatum), upland,
wetland and aquatic herbs, grasses and a variety of ferns.
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The distribution of the communities varies according

to the degree of slope from upland to aquatic zones. Where

broad level areas are encountered, clays have been

deposited laterally within the stream/wetland complex and

support the salmonberry community. As one moves down

Transect 1 through the salmonberry, a brief and shallow

rise is encountered approximately 150 feet downslope of the

baseline (Figure 4) on which younger Douglas fir is growing

and wetland vegetation is diminished in importance. Beyond

the rise, the clay does not continue, the mixed community

begins and soils are higher in organic material content.

Transect 2 has an abrupt transition to the salmonberry

community near the toe of the hillslope. The ground

surface then tends to flatten and grade slowly toward the

stream. In this instance, the mixed community begins

abruptly without any notable topographical change, but the

soil was saturated at the time of first encounter (mid

June, 1991). From hydrologic data collected over the study

period, the shape of the subsoil free water surface was

found to emerge some distance from the stream channel and

generally intersect the soil surface from that point onward

(Figure 5).

Transect 3 covers a largely upland community to

approximately twenty feet from the edge of a beaver pond

where a fringe of wetland vegetation is maintained.
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Site 2: At Site 2 four transects were established at

approximately right angles to the wetland boundary (Figure

6). Five clearly identifiable communities are found in

three categories: two upland/transition, two wetland and

one streamside community (Appendix B, Table 2).

The upland/transition communities take two forms: one

where the land was grazed for an undetermined period of

time, and the other a forested community having an

overstory consisting of a mix of old and regenerated

Douglas fir. Both maintain a strong buckthorn (Rhamnus

purshiana) component, which is also to be found in

increasing density moving toward the beaver ponds.

However, the increased density of buckthorn does not appear

to be due to an identifiable affinity for wetland

conditions, since where it occurs in the upland/transition

communities it exists as near 100% cover. Hemlock was not

encountered in the sampled areas. Salal was a strong

component in both upland communities, but also appeared in

the wetter communities where microtopographical rises such

as emergent large wood and mounds created by tipped root

mounds permitted its establishment.

The wetland communities are the spirea (Spirea
douglasii) and buckthorn communities. The obligate King's

gentian (Gentiana sceptrum) makes its appearance at a low

percent cover in both these sites, though it tends to occur

in clumps rather than being evenly distributed. The major



Figure 6. Site 2, Silver Falls State Park, OR. Baseline, transects and thedelineated wetland boundary
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herbaceous species is bracken fern (Pteridium aquilinum),

which is denser at the upper portions of the community than

toward the lower and wetter. Less bracken is found in
these communities than in the non-forested
upland/transition community, where it exceeds 70% cover.

Carex species are found in the spirea community but not in

the buckthorn association, probably due to the lower and
less dense spirea overstory rather than a hydrologic
difference since the water levels over time were similar.
The buckthorn community was much affected by beaver, both

in that they used the trees for food and dam supplies and

that they created channels leading water from the major

ponds into the previously drier meadow areas where new

flows and wet depressions were formed.

The streamside community is very diverse, having a

greater number of herbaceous and woody species than any

other plant association. The overstory is highly variable

and much affected by beaver activity, having a clump of

alders here, a single hemlock or old Douglas fir there, and
spirea, buckthorn and/or early regeneration occurring
patchily between. A considerable variety of site types is

present, ranging from muds freshly exposed by beaver to

well established overhangs beneath hemlock to open sedge

meadows through which braided channels flow to quiescent
beaver pond shoreline interfaces. Salal is again an
important species, though it is apparently considered an
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obligate upland plant given that it does not appear on the

plant list for this region. It colonizes practically any

recumbent log above the consistent water line. Douglas fir

is also a prominent species here, and does not appear on

the plant list although it can be consistently found either

as a relic individual or regenerating in some very wet

conditions. Inclusion of these species in the prevalence

index pushes the evaluation strongly toward upland even in

a streamside plant association.

Site 3: Site 3 contains a completely forested riparian

wetland for which the water is supplied more via subsurface

flow from the lateral slopes than from the stream itself

(Figure 7). In a number of locations, the flow paths are

identifiable, though at no time during the wet season did

the flows emerge to become ephemeral streams. As a

consequence of the topographic variability, the

upland/transition community maintains an exceptionally

diverse array of woody vegetation relative to the other

areas sampled (Appendix B, Table 3). The overstory is

multilayered, with a top down canopy sequence of Douglas

fir and some hemlock, red alder, and vine maple (Acer
circinatum) to a shrub layer of red huckleberry (Vaccinium
parviflorum), nine-bark (Physocarpus capitatus),
salmonberry and other minor components. The dominant

forest floor species are salal and swordfern (Polystichum
munitum).



Figure 7. Site 3, Silver Falls State Park, OR. Baseline, transects and the
delineated wetland boundary
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Subsurface flows tend to saturate soils on the flats

at the base of the slopes during the rainy season, and
though the overstory does not appear to change greatly

according to the recorded data, there is less shrubby
vegetation, the Douglas fir present tends to be old, and

the lower canopy and understory are generally more open
until late spring when the arrowleaf groundsel (Senecio

triangularis) has reached its full height of approximately

four feet. The herbaceous vegetation is abruptly

different, containing twice the number of species, of which
most are more adapted to wetland conditions.

Across Transects 1 and 2, and again beginning very
abruptly, is a band of salmonberry. This band is not
exclusive of other herbaceous and woody species to the
extent that the salmonberry community encountered on Site 1

was, but is subject to discontinuities due to the presence
of a more dominant overstory of alder, western crabapple
(Pyrus fusca) and buckthorn. Pig-a-back plant (Tolmiea

menziesii) is a major component of the herbaceous surface

vegetation, as are wood sorrel (Oxalis trilliifolia),
Anderson's swordfern (Polystichum andersonii) and common

swordfern, though the latter tends to be found on small
mounds and emergent rotting wood. As in Site 1, the soil

beneath the salmonberry community is a heavy, greyish clay,

but here the hydrology was inconsistent, such that the
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uphill side of the band tended to maintain a higher water
surface than the streamward side.

Along Transect 1, the salmonberry ends at the edge of
an abandoned beaver pond which has been recolonized to a
limited extent by sedge. The recolonization is incomplete
because the pond fills during higher flows and remains
largely full through the wet season. Lower portions of the
pond are invaded by shortlived annuals during the summer

but again reduced to mud in late fall by a combination of
flooding and sediment deposition. Transect 2 runs through
the salmonberry community to emerge onto a peninsula
bearing a rather low herbaceous layer beneath a tall and
somewhat widely dispersed stand of pure alder. Here the
vegetation suggests wetter conditions, but the soils are
dark and deep, and though the area is traversed by overland
flows during the highest streamflows, the subsurface water
levels tend to remain fairly low. The peninsula is
essentially hydrologically detached from the immediately
lateral slope, and unlike the other areas in Site 3, is
dependent upon the stream for water. Common swordfern is

absent, though Anderson's swordfern is a major component,
as are wood sorrel, pig-a-back plant, arrowleaf groundsel
and owl-clover (Orthocarpus castilloides), which is found
nowhere else on any site.

The streamside community was best represented at the
base of Transects 3 and 4, since Transect 1 ended with the
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abandoned beaver pond and Transect 2 ended at a three-foot

cut bank such that there was essentially no separation

between the peninsula community and the perennially flowing

stream. Much of the woody vegetation is shrubby, though it

is overtopped by a sparse cover of alder. The herbaceous

cover is dense and tangled down to the edge of the stream.

Both Transects 3 and 4 end at points adjacent to abandoned

beaver dams, which themselves tend to support scattered

salmonberry canes and some herbaceous cover such as

arrowleaf groundsel. This vegetation occupies both stream

bed and bank and incorporates a fair degree of overhang by

both herbaceous and woody species. In the backwaters of

the stream, which is small at this point in the study area

and was at low flow at the time of measurement (about 0.5

cfs), water parsley (Oenanthe sarmentosa) is found, as is

mannagrass (Glyceria elata) and several facultative wetland

(FACW) species such as deer fern (Blechnum spicant) and

arrowleaf groundsel. Pig-a-back plant occurs densely on

the bank, as do a variety of wildflowers, some of which

were common in the area but were not encountered in the

sample plot. A case in point is the extensive and

spectacular display of digitalis at the end of Transect 4.

Site 4: The wetland in Site 4 is in a very different

setting than the other three sites. While the other sites

are predominantly forested (or at least scrub-shrub as is

most of Site 2), this wetland exists in a meadow which is



42

itself surrounded by forest, though at a considerable
distance. The site is traversed by four transects, the
second and third of which are interrupted to skip over the

wettest portion of the wetland (Figure 8). Bands of

vegetation are generally quite distinct, though the plant
indicators toward the east are less so. This site was
chosen in order to act as somewhat of a control, such that
the wetland plants, soils and hydrologic processes would be

relatively obvious; easy to discern and define and the

principles noted here readily transferred to the other more

complicated wetland sites. Such a simple prognosis is

bound to be exploded when the subject is one as complex as
wetlands, their hydrology and the biotic and abiotic
systems they support, and this was no exception. The

"confused" plant indicators along the east side of this
wetland were less confused than the researcher; on the
contrary, they pointed to a hydrologic anomaly, a large
fissure or "pipe" in the underlying basalt which, during
the wet season, channels rainfall from the slope above to
discharge it from an opening beneath a healthy young

Douglas fir growing on a small knoll above the wetland.

Six major communities are found on this site: an
upland/transition community; two border communities,

typified by dominance by Deschampsia or Carex; a spirea
community occupying the wettest regions; a short vegetation
wetland community; and a "pipeflow" community, growing in



43

Figure 8. Site 4, Silver Falls State Park, OR. Baseline,
transects and the delineated wetland boundary.
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the zone influenced by the seasonal emission of water from
the basalt fissure (Appendix B, Table 4).

The upland/transition community consists mostly of
grasses overtopped by bracken fern highly variable in its
local density. Ox eye daisy (Chrysanthemum leucanthemum)

is also astrong component, existing as a basal rosette
during most of the year and flowering profusely in July.

Some woody vegetation is present, but it does not assume a

dominating position. The most common, dwarf huckleberry

(Vaccinium caespitosum) is a very short plant, acquiring
its full height of approximately ten inches only under

cover of other vegetation. It is, however, very productive

over a long period during the summer. Bear sign is
ubiquitous throughout this community.

Bracken fern decreases abruptly as one approaches the

wetland boundary and is replaced by clumps of Deschampsia

cespitosa interspersed with the erect stems of King's
gentian (Gentiana sceptrum). Sedge (in this site, Carex
aperta) appears here, as does the occasional rush.
Important grasses besides Deschampsia are sweet vernal
grass (Anthoxanthum odoratum), bearded fescue (Festuca
subulata), and Oregon bentgrass (Agrostis oregonensis).

At some points around the perimeter of the wetland,
especially where the contributing slope is steeper, the
border community is dominated by Carex aperta. Two

grasses, Oregon bentgrass and sweet vernal grass, are
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important, and the array of herbaceous vegetation is

somewhat broader than that of the Deschampsia community.

Spirea is a stronger component, though it tends to appear

in coherent groups rather than being scattered diffusely

across the community. The presence of this association

rather than the Deschampsia community may be due to a more

extended presence of water during the early part of the

growing season than is encountered by the Deschampsia

group.

Two wetland communities exist on the areas maintaining

very wet conditions well into the growing season: the short

vegetation wetland community and the spirea community. The

short vegetation community is found in areas having a

considerable degree of saturation during the growing season

but also enduring an extended and complete dry-down later

in the year. Some upland species are found here, including

Plantago and yarrow (Achillea millifolia), wild strawberry

(Fragaria virginiana) and ox eye daisy. It would

ordinarily be difficult to ascertain whether or not this

plant community was associated with wet conditions but for

the presence of a strange crunchiness underfoot which can

be laid to saturated then thoroughly dried vegetation,

including some dried algal sheets. Dwarf huckleberry is

the dominant species at 63% cover, and is the only woody

vegetation. The spirea community is likewise saturated

during at least the early part of the growing season, but
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remains moist for some time after the short vegetation
community has become sere. This community typically
consists of a heavy cover, most often 100% spirea, some

areas of which are abruptly and somewhat inexplicably

taller than other parts of it. Although not reflected in

the vegetation sampling data, observations during weekly

well monitoring indicate that Camas lily (Camassia quamash)

is present in notable densities (up to 35% cover) beneath
the shrub canopy. Gaps occupied by solid mats of carex

occur in the spirea community well into the wet areas.

These appear to be coincident with broad and shallow
topographic low spots, but it would be necessary to confirm
this observation with detailed elevational measurement in
order to make a definitive causal statement. Salal
appeared only where a sudden topographic rise such as an

emergent piece of large wood existed. "Clustered wild
rose" (Rosa pisocarpa) occasionally took the place of

spirea as the dominant shrub, and small emergent trees were
sporadically observed, generally at the periphery of the

community.

The plant association around the Douglas fir from
beneath which large amounts of water flow during the wet
season is similar to the Deschampsia community, but is more

diverse, maintains a denser stand of sweet vernal grass and
supports a lush growth of sedge around the tree itself.
When all else is brown, the vegetation here remains rich
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and green through the winter due to the relatively warm

water constantly flowing from deep below the soil surface.

Douglas fir is not considered to be a species adapted to

wetland conditions, but here, as in several other places in

the researched area, this one was up to its root collar in

water for a continuous period of up to five months, and yet

was as healthy as any specimen in sight.

Soil Characteristics

The wetland boundaries throughout the research area

were located using a combination of indicators such as

topography, plant community interfaces, and soil colors.

The apparent boundary was walked in a zig-zag manner,

sampling the soils frequently, until a line was generated

along which the depth to mottling, gleying, oxidized

rhyzospheres and other indicative characteristics was

approximately 18 inches in soils having clays within 20

inches of the surface.

The soils at the riparian sites tended to be generally

similar. Soils above the wetland boundary were typically a

silty loam well laced with roots and organic material with

a duff layer of variable thickness dependent upon the

nature of the overstory. Moving down into the wetland

areas, clays are found at varying depths according to the

local microtopography. Toward the stream, the top layer of

soil is more "mucky" (containing a large humus component),
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and large organic debris is more frequently encountered.

Site 1: Site 1, Transect 1 was not hydric at the

baseline, 34 feet upslope from the salmonberry community,

but 6 feet into the salmonberry, mottling was encountered

in a low chroma matrix (10YR 3/1) at less than 6 inches

below the surface. At transect 2, strong mottling and some

gleying was found at the baseline, but the wetland boundary

was placed 45 feet below the baseline because of a steep

dropoff to a salmonberry community which extended slightly

up from an area having much less slope. The indicators

were more confused moving down into the wetland, with a low

chroma (5YR 3/1) soil at 6 inches, a change to an unmottled

and lighter (10YR 4/3) horizon at 10 inches, faint mottles

at 18 inches, and the familiar mottled and gleyed clay at

and below 19.5 inches. Hydric soils were not located along

Transect 3 until the end, close to the beaver pond, where

the change to mottle and gley occurred at 14 inches. The

matrix here was 1OYR 5/6, with gley 5Y 6/1, and light and

dark mottles 10YR 7/8 and 1OYR 3/2 respectively.

Site 2: Transect 1 was initially not hydric. The A

horizon had a low chroma (10YR 3/1 and 1OYR 2/1), but the B

horizon, starting at 11 inches and continuing to below 24

inches had a color of 10YR 4/3 and showed no evidence of

long-term saturation. The apparent boundary was

encountered at 30 feet below the baseline, where the soil

was very moist at 12 inches and mottled and gleyed below 17
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inches. The soil was saturated to the surface (early

August) from 55 to 103 feet downslope of the baseline.

Beyond this stretch the surface rises to a flat extending

for approximately 60 feet before dropping down to the

stream. The soil was consistently saturated within 12

inches of the surface along the flat. Though no gleying

was found here, some staining and hydrogen sulfide odor was

noted.

Transect 2 was dry and clearly nonhydric at the

baseline, then wet at a depth of 10 inches some 30 feet

downslope, although the soil color (10YR 4/3) did not

change. Saturation to the surface of a black muck soil was

noted at 58 feet along the transect; dark gley was found

below 8 inches.

Transect 3 began in a meadow and moved down toward the

band of buckthorn community separating the beaver pond from

the meadow. The soil at the baseline was very dry, but at

50 feet along the transect became darker and higher in

organic material content. Stiff gleyed and mottled clay

was found at a depth of 2 feet. At 82 feet, the transect

had just passed between two very large (DBH > 4 feet)

Douglas fir stumps and the soil was saturated at 18 inches.

The color was 10YR 3/4 and not mottled or gleyed despite

the saturation. The beaver pond began at the 110 foot

mark, though it has been expanded since that measurement

was taken.



50

Transect 4 began at the base of a large Douglas fir is

in a forested area. The soil at the baseline was dry to 2

feet, and showed no indication of being hydric. At 30 feet

downslope, it was somewhat moister, but although the plant

community had abruptly changed to a buckthorn type

overtopped by alder, the soil reflected only the addition

of organic material to the A horizon. At 60 feet downslope

of the baseline, the soil color and texture had not changed

appreciably, but fifty feet beyond this sample the soil

characteristics were considerably different. The A horizon

was very low chroma (10YR 2/1) and wet, below 12 inches

gleyed clay was found, and a very dense and "gluey" clay

(1OYR 5/2) began at 16 inches and was strongly mottled

below that point.

Site 3: The first soil sample was taken at the baseline on

transect one in a spot that appeared to be clearly upland,

up a short rise with a heavy cover of salal, swordfern in

the understory. The A horizon was high in organic material

and had scattered red (2.5YR 4/8) inclusions. Faint

mottles began to appear at 13 inches, and by 18 inches the

colors were a mix of dark greyish brown (10YR 4/2) and an

apparent gley (5YR 5/1) with mottles (2.5YR 4/8). The

wetland boundary was placed below this due to the

vegetative and topographic indications to be confirmed or

denied by means of the subsurface water monitoring. As a

check, a sample was taken 15 feet above the baseline, where
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no evidence of hydric soil was found to a depth of 24
inches. Thirty feet below the baseline, 21 feet beyond the
wetland boundary, gleyed and mottled clay was found at a

depth of 13 inches.

At Transect 2, the first recorded soil sample was

taken at the baseline, and the wetland boundary eventually

located 4 feet downslope from that point. Gley (5Y 5/1)
and mottling (7.5YR 5/6) were found in a dark yellowish
brown (10YR 4/4) matrix at a depth of 15 inches. Below the
boundary, mottling (5YR 5/8) began at 7 inches in a low
chroma (1OYR 4/1.5) matrix, and by 18 inches the clay was
much denser and thoroughly gleyed (2.5Y 5/2) with prominent
mottles (7.5YR 6/8). Downslope of this was the band of
salmonberry which grew on dense, very gleyed and mottled
clays. The alder peninsula was farther down Transect 2,
clearly in an area of active stream channel movement and

the soil showed a much different deposition history. Here,

the soils were silts rather than clays, had a higher
organic material content and tended to be darker than the
clays above.

The baseline was well upslope of the wetland boundary
at both Transects 3 and 4 (74 and 79 feet, respectively).
Soils sampled at the baseline and further downslope were
obviously not hydric. However, ninety feet below the
baseline along Transect 3, faint mottles began at 13
inches, and by 18 inches the matrix was a dark grey to dark
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greyish brown (10YR 4/1.5) with light (7.5YR 5/8) and dark

(7.5YR 2/0) mottling. Uniform gleyed clay (5Y 4/1) was

encountered at 21 inches. Transect 4 was similar though

less definitive. The soil was dark greyish brown (10YR

4/2) at 18 inches, and had faint mottles. The vegetation

and hydrologic indicators suggested wetness and the

boundary was placed 11 feet upslope of this sample.

Site 4: Soils at site 4 were generally light silty loams

above the wetland boundary. Moving downslope, clays were

encountered progressively nearer the surface until in areas

of long-term inundation, the clays were covered by only a

few inches of peaty muck, if at all. The short vegetation

wetland community tended to exist on exposed'clays.

Sampling at Site 4 attempted to take into account both

considerations of the wetland boundary and the

characteristics of the soils supporting the various plant

communities. The first sample on Transect 1 was in the

upland/transition community approximately 60 feet upslope

of the wetland boundary and was non-hydric. The second was

halfway to the boundary, also non-hydric. Both sample

locations had a hard pan near 20 inches. At the boundary

the pan had disappeared and faint mottling was observed.

This was the beginning of the Deschampsia community.

Fifteen feet farther down the transect, the A horizon was

very dark grey (10YR 3/1) and dense, darkly mottled clay

beginning at 8 inches. Most of the organic material was
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found in the top inch. Soil characteristics remained
similar for approximately 150 feet along the transect,
though a "wild mix of colors" was noted for the 18 inches
depth at the 40 foot mark (10YR 3/1, 5Y 4/3, 5YR 5/6, 7.5YR

5/8 and 5Y 5.5/1). The short vegetation community began

190 feet beyond the baseline. The A horizon there was

found to be 3 inches thick, below which were reddish brown
(2.5YR 3.5/4) mottles in a very dark grey matrix (10YR

3/1), but a change was again recorded at 8 inches, where
the mottles faded to return at 12 inches (10YR 4/6 in a

10YR 4/1 matrix). Below 14 inches was gleyed and mottled
clay (7.5YR 5/7 mottles and 5YR 8/3 inclusions in a 5G 6/1
and 5Y 5/1 matrix). The transect traveled up a rise,
beyond which the community changed from a short vegetation

wet community to a short vegetation dry (or drier)

community as indicated by the loss of hydrologic indicators

and obligate wetland species such as King's gentian.
Mottles were still encountered, but at increasingly greater
depths, such that at 280 feet from the baseline mottling

was found at 14 inches; at 355 feet, 18 inches; and at 385

feet, 20 inches.

Transect 2 began 30 feet upslope of the designated
wetland boundary. The soil was not hydric at that point,

nor did it appear to be at the wetland boundary, which in

this instance was marked along the Deschampsia community

boundary. However, 15 feet downslope from the boundary (43
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feet upslope of the baseline) mottles (5YR 5/8) were seen
in a somewhat dark greyish brown matrix (10YR 4.5/2), and
at 30 feet oxidized rhyzospheres within the top 6 inches
appeared for the first time anywhere in the research area.
This was the beginning of the Carex community, which

yielded to Spirea approximately 30 feet farther along the
transect. Oxidized rhyzospheres continued to be found to
175 feet downslope of the baseline. At this point, the
transect moves up a rise, again crossing the Deschampsia

community, beneath which there were no oxidized
rhyzospheres, but mottles (10YR 5.5/6) appear at a depth of
13 inches in a grey to greyish brown matrix (10YR 5/1.5).

The next sample was taken at 250 feet from the baseline and
15 feet upslope of the boundary on the other side of the
wetland. Mottles (7.5YR 5/6) were noted at 18 inches in a
dark yellowish brown matrix (10YR 4/4). The higher chroma

of the matrix suggests that these mottles may have been

relic, and the fact that a ditch was put in some rather
considerable (though not precisely determined) time before
tends to corroborate that opinion. The transect proceeds
over a small knoll, then drops gradually toward the

drainage channel for the wetland. At 409 feet from the
baseline, a gradual change takes place from dark brown

(10YR 3/3) in the top 13 inches to a mottled and gleyed
clay by a depth of 18 inches (10YR 4/4 mottles in a 10YR
3.5/1 matrix). This layer becomes closer to the surface
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moving down the transect. At 484 feet from the baseline,

it occurs at 7 inches below the surface, but at this point

the A horizon is a very dark grey color (7.5YR 3/0) and

contains oxidized rhyzospheres. The C horizon begins at 15

inches and is thoroughly mottled and gleyed (7.5YR 5.5/8

mottles in a 5Y 5.5/1 matrix).

Transect 3 soil sampling was begun 51 feet upslope of

the wetland boundary, 140 feet upslope of the baseline.

The first sample was taken in a belt of snowberry

(Symphorocarpus alba), where the soil was found to be non-

hydric. The soils continued to be non-hydric until within

8 feet of the baseline; they became hydric 81 feet

downslope of the wetland boundary as indicated by the

hydrologic record. This was the area affected by pipe

outflow, which kept the soil water level high and plants

active through the winter season. At seven feet downslope

of the baseline, two plant communities were sharply divided

and a sample was taken in each to see if differences in the

soils could be found explaining the sudden differentiation.

There was no difference other than the Carex community had

oxidized rhyzospheres in the top 2 inches and the Spirea

community had them to 6 inches. Both had an A horizon dark

greyish brown (10YR4/2) in color and 10 inches in depth.

At 14 inches dark mottles were seen in a lighter gleyed

clay (5YR 3/4 mottles in a 10YR 4/1 matrix). By 18 inches

the mottles were somewhat brighter (5YR 4/6), though no
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change was noted in the color of the matrix. These colors

and horizons persist until entry into the spirea community
at 100 feet downslope of the baseline. At 112 feet, mottle
and gley were found at a depth of 2 inches. The transect
continues across the Spirea community occupying the central
portion of the wetland and emerges on the north side to

cross a small channel and move up a Carex dominated
hillslope. A sample was taken in an opening in the Spirea
community at 376 feet from the baseline. The A horizon
consisted of a black (10YR 1/1) dried muck 8 inches in
depth. Below this, the color changed to dark grey

(10YR4.5/.5) with oxidized rhyzospheres, and below 14

inches mottles (1OYR 5/8) were found in a gray matrix (5Y
5/1). Another sample was taken 30 feet farther, just
before a small clump of Pyrus fusca and Amelanchier
alniflora. Here the A horizon was peaty and very dark grey
(10YR 3/1) with oxidized rhyzospheres throughout the upper
6 inches. Oxidized rhyzospheres disappear below 6 inches
but reappear in considerable density between 10.5 inches
and 12.5 inches. By 18 inches faint mottles could be seen

in a dark grey (10YR 4/1) matrix. Thirty feet beyond, 466
feet from the baseline, the transect had crossed the small
channel and continued uphill to the intersection with the
wetland boundary. The soil was very mixed due to animal
activity, and essentially impossible to understand, so a
sample was taken 10 feet to the east of the transect.
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Hydric soil did not appear to be in evidence despite the
resident plant community.

Transect 4 was very similar to Transect 3 in that it
began upslope of but near the pipe, ran downhill toward and

across the Spirea community and emerged by crossing a small
channel and moving up the hill on the other side of the
wetland. Mottle and gley were found at a depth of 18
inches 5 feet downslope of the baseline and 15 feet
downslope of the wetland boundary as indicated by the
plants. Fifty feet from the baseline, the A horizon was 10

inches in depth and very dark grey (5YR 3/1) in color. The

horizons below were clearly mottled (10YR 5/8) and gleyed
(10YR 4.5/1). Oxidized rhyzospheres were not encountered

until into the Sp.irea community, at which point they were
found in a very dark grey (10YR 3.5/1) matrix in the upper
8 inches. Little change was seen in the color of the
matrix (to 10YR 4/1), but mottles (10YR 5/8) appeared below
8 inches. At 376 feet downslope of the baseline, the

transect moved out of the wetland according to both plants
and soil. The soil was not hydric, having a brown to dark
brown color down to 18 inches, and no signs of mottling,
oxidized rhyzospheres, or any other indications of
anaerobiosis.

The "Growing Season"

The 1989 Federal Manual uses soil temperature as the
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defining criterion of the growing season. Soil
temperatures were monitored from mid fall (October 26) to

mid spring (April 4) to observe the correspondence with

actual vegetative activity at both the beginning and end of
the non-growing or dormant season. Since definitions of

the growing season purport to be objective quantifiers of

the period during which things grow, a record of
phenological progress was also kept from December 13 until

well into the spring. More recent attempts at wetland

identification and delineation have used free air frost

dates as the defining parameter. Since the Park weather

station records minimum temperatures, it was simple enough
to include these in the comparison of defining methods.

The last recorded frost was on the night of May first.

Soil temperatures were grouped according to the depth

of cover over the wetland area, i.e. forested, scrub-shrub

or meadow, since the degree of exposure profoundly affects

the rate at which plants commence and continue growth,

whether germinating or sprouting after a period of
dormancy. The only area to have soil temperatures drop

below 41°F was the meadow wetland, where temperatures

upslope of the wetland boundary dropped to an average

temperature of almost 40°F at a depth of 6 inches on the

eighth of February, by which time considerable plant growth

had already been observed in all wetland types (Figure 9).
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Figure 9. Soil temperatures over time in meadow,
scrub-shrub and forested wetlands. Temperatures
were taken at a depth of 6 inches above, on and
below the wetland boundaries.
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Soil temperatures in the area downslope of the pipe outflow

in site 4 remained high (>50`F) all winter, and the

vegetation remained correspondingly green and lush in sharp

contrast to the surrounding brown and sere plant cover.

Exposure exerted a powerful effect on plant activity.

While little if any growth occurred in exposed areas, even

the presence of a small deciduous tree having a scraggly

form was sufficient to allow sprouting and considerable

growth of the perennial grasses beneath it. Plants in

forested wetlands and completely saturated areas began to

show activity soonest, with growth noted on the 18th of

January.

In mid-January, it was also noted that iris and

groundsel were up in Sites 2 and 3, respectively. By

January 26, buds were swelling on salmonberry, montia had

sprouted, as had wood sedge, foxglove, water parsley, many

grasses, thistle and many unidentifiable seedlings. The

weeks thereafter saw more seedlings sprouting, buds

swelling and leaves sprouting until by mid February spring

was fully in evidence. Salamanders, worms and snails were

mating, frogs were audibly active, and migrating birds were

present on February 16 and 22. It was apparent that

neither the soil temperature criterion nor the frost date

had any definitive relationship to the growing season,

since according to the former, the growing season never

ended in most areas, and according to the latter it did not
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start until months after biological activity was in full

swing.

According to the local inhabitants, the growing season

began approximately two weeks earlier than would otherwise

be expected. For the purposes of this study, the growing

season was clearly underway during the first week of

February in the forested wetlands, and by March first in

the meadow wetland at Site 4.

Hydrology

The weather patterns generally found in Silver Falls

State Park, which in part established the position of

indicators by which wetland boundaries were delineated,

were disrupted by relatively high temperatures (Figure 10)

and drought to the Pacific Northwest. In one sense the

warm and dry weather might have proven detrimental to the

study, but another it may well have been a boon, since

several wetting and drying sequences were observed (Figure

11) .

Precipitation was well below normal over the study

period (the period during which hydrologic records were

kept), with monthly averages being generally low with the

exception of the month of April, 1992 (Figure 12). Well

measurements began on September 2, 1991 and ended on June

21, 1992. Fall rains did not begin until the week ending

October 27, 1991, then continued at a slightly subnormal
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rate through November and into December, beginning to taper

off in mid January. February had a week of heavy

precipitation in the week ending on the 23rd, and so

approached normality, but March had only an inch over the

first few days of the month and none thereafter. April's

rainfall was well above normal, but May and perhaps June

were completely dry, according to the Silver Falls State

Park weather station data, though June probably had an

unrecorded period of precipitation during the second week,

according to the well data. The total precipitation for

the period was approximately 32% (24 inches) below the

long-term normal of 74 inches (Figure 13).

The description of the hydrology in these four sites

offers a challenge with regard to the presentation of

necessarily four dimensional data on a two dimensional

medium, i.e. paper. With the use of video technology,

which was utilized for oral presentation of results, water

levels for a specific date and transect were displayed in

graphs, which were captured and stored in a series of

weekly measurements. The graphs were then sequentially

viewed on videotape such that the line representing the

water surface could be seen to move in response to

rainfall, inflow and moisture withdrawal (evapo-

transpiration or gravity drainage). Paper is a more static

medium, and the reader will have to integrate a sequence of

graphs in order to get a sense of the dynamics over time.
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It should be noted here that the line on the bottom

paralleling the soil surface is the line denoting the
bottom of the wells, below which there is no information.
Appendix D contains a graphical presentation of an entire
water surface sequence for Transect 2 in Site 3.

To illustrate the response of a specific well to
rainfall, inflow and drydown, graphs of each well were

created to illustrate the position of the free water
surface over time. This was necessary in order to confirm
or reject the placement of the wetland boundary. A

recording of 18 inches or less below the soil surface for
two consecutive measurements during the growing season was

considered to be confirmation of wetland hydrology, since
the two measurements bracketed a period of at least one
week. The unusually dry weather is problematic in this
analysis since there are a couple of apparently anomalous

dry periods. The month of March was the driest in recorded

history, having 1.01 inches of rain spread over the first
week and nothing more during the rest of the month.

Several of the boundary points may thus have been

retrospectively defined as farther downslope than during an

average spring, since the retrospective definition was

generated using the hydrologic data and growing season

analysis recorded during the study period. On the other
hand, it may well be that the warmer than normal

temperatures brought the onset of the growing season to be
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unusually early, compensating for the dry conditions.

The source of water for the depressional wetland at

Site 4 and the major portions of the riparian wetlands

upslope of the active channel was almost entirely

subsurface flow from the slopes above. This would indicate

that watershed area may be a relatively unimportant

consideration when attempting to understand the water

supply relations of a particular wetland since the

contributing area for that wetland depends largely on very

local characteristics both upslope and within the wetland.

Water moving down a slope will tend to follow preferential

pathways such that one section of wetland may be supplied

by a much larger contributing area than an adjacent

section. The rate of inflow and gross amount of water

necessary to engender wetland conditions will vary from one

spot to another depending on the nature of the underlying

soil, local topography, and depth to bedrock, as well as a

wide array of climatic, vegetative and other factors.

Hydrology by Site

Site 1: Transect 1 is quite complex, moving from

relatively steep upland down to a salmonberry flat, up a

brief and low rise, down again to wetland laced with small

areas of open water and then down to a bedrock controlled

stream. Well 10,1,1 is the last well and is in the area

just before the open water patches. The placement of the
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wetland boundary by the use of plant and soil indicators is

confirmed by the hydrologic record (Figure 14). No water

at all was ever found in the well 60 feet upslope of the

boundary (Well -3,1,1). At the boundary (Well 0,1,1)

saturation for over seven days at less than 18 inches was

recorded both in the latter part of February and in mid

April, both of which periods occurred during the growing

season according to the phenological and soil temperature

records. The well in the little grove of Douglas fir and

hemlock ( Well 6,1,1; Figure 15) also had a period of

saturation fitting the 1989 definition during April, and

would certainly have had more over a wetter year. This

well was located on a slight rise, which supported an

apparently upland plant community within a surrounding area

that was conclusively wetland.

Transect 2 turned out to be relatively simple with

regard to its hydrology, but the periods of saturation were

at apparent odds with the vegetative indicators. The first

record of sufficient saturation are found 15 feet downslope

of the wetland boundary, which was marked according to

topographic indicators rather than vegetative. The line

was placed approximately 20 feet downslope of the beginning

of the salmonberry community, which itself turned out to be

35 feet upslope of the hydrologically defined boundary.

This was the one transect for which the term "water table"

might be occasionally appropriate, since the free water
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surface became relatively flat following extended periods

with little or no precipitation (Figures 16 and 17).

Transect 3 comprised mostly upland conditions, but was

interesting in that it showed bank recharge from the beaver

pond was generally not important to the vadose zone

hydrology (Figures 18 and 19). Vegetation and soils

generally reflected the hydrologic conditions.

Site 2: The wetland boundary was shown by the hydrologic

record to be 15 feet upslope of the point of original

placement across Transect 1 using soil and vegetative

indicators (Figure 20). The delineated wetland boundary

was difficult to locate, which was one of the reasons this

site was selected. Subsurface water remained high due to

an inflow perpendicular to the transect and essentially

parallel to though well removed from the stream. The flow

produced a perennially wet swale within which a small area

of bog community was maintained. Beyond the swale and up a

slight rise is a relatively broad and flat area dominated

by Spirea, beneath which the soil water depth is fairly

constant between 10 and 20 inches near the stream and 15

and 25 inches 30 feet farther away. The flat area is one

of the few within the riparian sites beneath which the

supply of subsurface water was dominated by longitudinal

stream flow rather than by lateral input from the slopes

above. Water levels were more constant than those



Site 1, Transect 2
1 26 92

2

0

-2

-4

-6

-8

-10

-12

-14

73

Wetland Boundary

Free Water Surface

Well Locations

Soil Surface

Base of Wells

10 30 50 70 90 110 130

Distance from Baseline (ft)
150 170 190

Figure 16. A free water surface closely representing the
concept of a "water table".

Site 1, Transect 2
10/26/91

w
a0

W

2

0

-2

-4

-6

-8

-10

-12

-14

Wetland Boundary

--- Free Water Surface

Well Locations

-----... Soil Surface

Base of Wells

10 30 50 70 90 110 130

Distance from Baseline (ft)
150 170 190

Figure 17. A relatively common, more dynamic free water
surface.



Site 1, Transect 3
9/27/91

0

A.

-8-

-........................... Free Water Surface

m Well Locations
Soil Surface

Base of Wells
-10-

-12-1

-14-+-
80 100

Wetland Boundary

120 140 160 80
Distance from Baseline (ft)

200

74

220

Figure 18. The free water surface following extended dry
conditions.

Site 1, Transect 3
2/22/92

0

-2-1

-4.

-6-1

-8-1

Soil Surface

Base of Wells
-10

-121

80
-14-1

100

-........................ Free Water Surface

a Well Locations

Wetland Boundary

120 140 160 180

Distance from Baseline (ft)

T
200 220

Figure 19. The free water surface during an extended wet
period.



Soil Water Levels 7 5
Well -2,1,2

3

Soil Surface

Base of Well
41s 144 1424 L110 1L20 1313 Ms 31 2/14 3/1

4f 5/27 1415 11/10 11/33 12/7 1//11/30 am 2/33 3/7

Date (1991-1992)

Soil Water Levels
Well -1,1,2

Soil Surface

-33.

Ms 1014 Lou ' 11114 " 16125 " 1243

Base of Well

v1 2/14 3/1

3/14 44 4 AS 513 5/14 4)6
321 471

3,114
437 1475 11/10 11/21 131/ 1//11/34 3/8 2/33 2/7 3131 4'U 433 5110 5/30 414

Date (1991-1992)

Soil Water Levels
Well 0,1,2

Soil Surface

515

Ms

Base of Well
144 1434 1110 11/35 12/13 its 2/1 274 3/1 3114 44 4h@ 3/3 474 44 431

5/27 14/15 11/U 11/33 1317 1//11/34 2/8 2/33 2/7 3(21 471 435 5/10 3/30 414
Date (1991-1992)

Figure 20. A comparison of water levels over time above
(Well -2,1,2), on (Well -1,1,2) and below (Well
0,1,2) the hydrologically located wetland
boundary across Transect 1, Site 2.

433 S/10 414

1/4 418 5/3 5/16 4 f 4421



76

associated with laterally supplied wetlands, which showed

dramatic spikes following precipitation (Figure 21).

Transect 2 is similar to Transect 1, sloping down to

and across a wet swale, beyond which is a relatively broad

and flat area where the subsurface water supply is stream

dominated. However, the plant communities along these two

transects are very different. The second transect is

dominated by buckthorn and does not support the intolerant

bog and meadow species. There are also several relic large

hemlocks and, despite the high water levels, some Douglas

fir regeneration. Placement of the boundary was accurate.

The hydrologically defined boundary across Transect 3

was found to be 15 feet upslope of the boundary as

delineated using plant and soil indicators. The assumption

is that conditions will become progressively more moist

downslope of the boundary and with movement toward an

aquatic environment, but here the well upslope of the

boundary well (Well -1,3,2) recorded a higher water surface

than did the boundary well (Well 0,3,2). This may have

been a due to the topographical rise caused by the presence

of a very large and very old log as well as two very large

and closely placed Douglas fir stumps. Douglas fir

regeneration was also present here, again despite the high

subsurface water levels.

Transect 4 was topographically and hydrologically

simple. It slopes rather abruptly down from upland and
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flattens before ending at a beaver pond. Still, according
to the hydrologic record, it appears that the boundary
should have been placed 15 feet upslope of the originally
delineated location (Figure 22). The record of Well -1,4,2
shows clearly the abrupt changes seen in this laterally
supplied transect. Although the assumption has been made

here that two consecutive weeks of saturation above 18

inches during the growing season indicates that the water

did in fact remain above that level for the entire period,
large and rapid changes in water levels may indicate that a
drop could have occurred in the interim between
measurements. In this instance, weather records indicate

that it was likely that the water levels did not drop
during the interim period.
Site 3: Transect 1 at Site 3 was begun at a point that
appeared to be indisputably upland. The first well was
emplaced well up a relatively steep rise in the midst of a
swordfern and salal beneath an alder and vine maple
overstory. There was no vegetative or edaphic evidence of

extended periods of saturation at the well site. It was
apparent from the local topography and vegetation that a

preferential pathway for subsurface water ran nearby, but
the first well was placed above and to the east of it. The

hydrologic record shows that this spot meets the criterion
for saturation, maintaining a high water level for a

considerable period during the growing season (Figure 23).
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The boundary well had consistent saturation for a yet

longer period of time, and downslope of the boundary, the

only well showing variable saturation was the one closest

to the stream.

Transect 2 began in upland as indicated by vegetation

and soils, as well as by the hydrology. The boundary was

confirmed by the well placed there, and further

substantiated by continuous saturation to the surface for

almost a month during the growing season 15 feet farther

down the transect (Figure 24). At Well 5,2,3, large drops

in the water level were recorded during the unseasonably

dry periods, though surface saturation was still the norm,

but by Well 7,2,3 the area no longer met the hydrologic

criteria for a wetland. This well was at the outer edge of

the bankfull stream channel. The record of Well 8,2,3

shows this channel full on the seventh of December, yet no

other well within the channel, with the possible exception

of Well 11,2,3, meets the wetland hydrology criterion

(Figure 25).

The wetland boundary across Transect 3 was shown,

based on hydrologic criteria, to be in agreement with the

indicators (Figure 26). During the dry periods, wells in

this transect exhibited rapid drops of the free water

surface, perhaps due to the transpiration of conifers on

the slopes above the site. These drops were consistent for
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all the wells along the transect with the possible

exception of the streamside well (Well 3,3,3).

The wells along Transect 4 also display fluctuations

similar to those noted for Transect 3. Well -2,4,3

hydrologically qualifies as wetland, according to the two

readings on the eleventh and eighteenth of April, and might

better qualify during a year having more normal patterns of

precipitation and temperatures, but the breadth of the

swings indicate that wetland hydrology may be difficult to

demonstrate without continuous monitoring. Again, as in

Transect 3, the streamside well showed less variability

than did the others.

Site 4: Site 4 was the depressional, meadow situated

wetland. At this site, it was expected that the "water

table" would simply rise during the wet period, coincide

with the soil surface at the lowest points, and create

wetland conditions to the point that a depth of 18 inches

was maintained. The observation that vegetation was very

clearly banded seemed to support such a theory but, like

all simple assumptions concerning inherently complex and

interactive systems, this one was wrong. The "water table"

was hardly a static and placid entity. It rose abruptly

and in a disconnected and rumpled fashion when the fall

rains began, it dropped away quickly in some places and

slowly in others during the dry spells, and rather than

being a system which relied heavily on essentially diffuse
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and almost circular subsurface inflow, the east side in

particular and the north side in part was fed by water

emerging from a large natural volcanic pipe which was

hidden at the top of a knoll beneath a young and apparently

vigorous Douglas fir tree. The pipe emitted water

throughout most of the wet season, which, after a long

drying period could still be seen standing in the hole.

The water would continue to diffuse into the soil,

maintaining higher than expected soil water levels well

into the growing season.

The transects began and, with the exception of

Transect 2, ended in upland or transition areas. Transects

2 and 3 were "broken" in order to pass over the clearly

very wet and vegetatively monotypic wetland center.

Transects 1 and 4 crossed the entire wetland; Transect 1

because it traversed dry to very wet to dry peripheral

zones, and Transect 4 to get a sense of what was happening

in the wetland's interior. Transect 2 ended near the

wetland's outlet channel after emerging from deep wetland

and crossing a small hill.

The wetland boundary was placed approximately 5 feet

too far upslope along Transect 1 according to the

hydrologic record (Figure 27). The upland well was upland

indeed, and no water within 32 inches of the surface was

ever measured there. Downslope of the boundary well, the

water surface became increasingly higher with each well
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until Well 7,1,4, which maintained water at or very near

the surface consistently with the exception of a sharp dip

in March (the driest March on record). The soil surface
began to level out and then rise again beyond Well 14,1,4

and slanted up for a little over 100 feet, but the subsoil

water surface continued down for some distance (Figure 28).

Water surface readings beyond this point tended to be

volatile, reaching the soil surface occasionally and
dropping rapidly during dry periods. The wetland boundary

on the other side was reached at Well 21,1,4.

The boundary across the south end of Transect 2 was

originally established too far upslope by fifteen feet

(Figure 29). From Well 2,2,4 to the break in the transect
at Well 6,2,4, the soil was generally saturated to the

surface. Water level measurements began again 63 feet
farther along the transect, still within the Spirea

community, at Well 7,2,4, which maintained a high level of

saturation though was less wet than Well 6,2,4. Wetland

hydrology ceased abruptly at Well 12,2,4, beyond which the

transect passed over a hill and dipped down to wetland

again at or before Well 23,2,4. The hydrology downslope of
this point was dominated by the level of outflow from the

entire wetland, since these wells were located relatively

close to the outflow channel. Wells 29,2,4 and 30,2,4 had
occasional periods of inundation.

The wetland boundary across Transect 3 was the least
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accurately delineated in the entire research site. The

boundary, according to the hydrologic record, was

originally placed 75 feet too far toward the wetland
(Figure 30). This was due to the unique nature of the
hydrology in this particular area. There were indications

from the vegetative community, though not the soils, that
the boundary should have been farther up the hill, but the
topographic position of the communities caused it to seem
most unlikely that they could be present due to wetland
conditions (Figure 31). In fact, water was actively
flowing over the surface 45 feet upslope of the delineated
boundary as late as mid April. The soil water level was
quite responsive to dry periods however, dropping out of
sampling range after the 3 weeks of rainless weather in
March. Moving downslope along the transect, the rate of
dry-down in each well became progressively less until at a
point 75 feet downslope of the originally delineated
boundary, the water level stayed above 18 inches for the
entire wet season (Well 5,3,4). The boundary toward the

other end of the transect was placed by the hydrologic
record at Well 18,3,4, approximately 50 feet beyond the end
of the Spirea community and concurred with boundary

placement using plant and soil indicators.
The boundary across transect 4 was accurately placed,

as confirmed by the well records, although Wells 0,4,4 and
1,4,4 did not maintain high soil water levels for long
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Figure 31. Crossectional views of Transect 3, Site 4
following drydown (9/18/91) and consistent
precipitation (1/18/92). Vertical line A is
the wetland boundary denoted by the hydrologic
record, line B is the delineated wetland
boundary based on vegetation and soil
indicators and line C is the far side boundary.
Numbers are sample prevalence indices and
are placed above the sampling points.
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periods of time during the growing season. By Well 2,4,4,
wetland hydrology was firmly established (Figure 32). The

far side boundary was found at Well 23,4,4, and was located

along the upper edge of the short vegetation wetland plant
community.
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DISCUSSION

Wetland determinations have, since 1977, been based on

one or all of three basic parameters: hydrology, soils and
vegetation. It has been the purpose of this study to

observe the interactions not only among these three factors
but also with the delineator, as well as to note the

temporal context within which the identifying factors are

recorded, i.e., the growing season. The starting point for
the techniques used in the study was the 1989 Federal

Manual for Delineating Jurisdictional Wetlands. The study

was given a greater sense of urgency by the introduction on

July 10, 1991 of a set of proposed revisions to the Manual

by the Council for Competitiveness within the executive

branch of the Federal government.

The approach taken in this effort was not to move

stepwise through the Manual, painstakingly reproducing each

facet of the various techniques laid out therein, but

rather to do a set of delineations using the level of
intensity appropriate to the site chosen and then monitor
the physical and biological processes over a period of time
sufficient to not only confirm (or not) the accuracy of the

delineations, but also to take note of the strengths and
weaknesses inherent in the techniques applied. It was
found that although the delineations were generally

accurate, some problems exist (Table 1). This study was
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Table 1. Wetland boundary placement using hydrologic
records versus placement using plant and soil
indicators. Negative values indicate that the
hydrologically located boundary is downslope of
the plant and soil indicated boundary.

Displacement of Hydrologic
Site Transect vs. Plant & Soil Indicators (ft.)

1 1

2

3

0

-20
-15

2 1

2

3

4

+15
0

+15
+15

3 1

2

3

4

+20
0

0

+30

1 East
1 West
2 East
2 West (1)
2 West (2)
3 East
3 West
4 East
4 West

-5
0

-15
-30
-15
+75
-10

0

0

Mean =
Mean =

4.4
-0.8

± 22.7; n = 20 (With Transect 3 East, Site 4)
± 15.0; n = 19 (W/O Transect 3 East, Site 4)

Mean =
Mean =

15.7
12.6

± 16.6; n = 20 (Using absolute values)
± 9.3; n = 19 (Using absolute values)

4
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not intended to address problem area wetlands, though some

of the concepts associated with problem area wetlands apply

here.

Vegetation

Prevalence indices as determined by the transect

method outlined in the Manual seemed almost unrelated to

the wetness of a site (Appendix C). When only herbaceous

vegetation was included in the analysis, values tended

somewhat more toward "wet", though they rarely reflected

clearly wet conditions. The "mixed" community at Site 1

was saturated to the surface for most of the year, but

yielded a ranking of 3.8 when considering only the

herbaceous vegetation and 3.7 when the woody species are
also counted. The problem arises in part from the

inclusion of all plants in a particular sampling area.

This procedure counts plants growing on all

microtopographical features including hydrologically non-

wetland sites such as logs or mounds. Salal, for instance,

grows thickly on downed woody debris and on old stumps, and

is, in this somewhat removed position, not an accurate

indicator of substrate hydrology. Tall trees often lean

over wet areas and so are counted as overstory though their

roots are in upland. Further, old trees now occupying

currently wet sites may have germinated and achieved

dominance at a time when conditions were drier. Such
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situations were encountered frequently during this study,

especially in forested wetland settings.

Perhaps a better method of assessing the indicator

status of a plant community would be to record the plants

growing primarily on the average soil surface rather than

including those inhabiting the abrupt microtopographical
rises. It may also be more accurate to exclude that

portion of the overstory having the major portion of the
stem or stems outside the sample area. Relic individuals
can be noted should the situation arise. Obligate wetland

or upland species should receive special consideration,

since it is recognized that these species tend to grow
under a narrow and particular range of conditions.
Furthermore, species should not be counted as obligate

upland simply by virtue of the fact that they are not found
on the plant lists.

The response of vegetation to hydrology was variable
and subject to change over time. Following disturbance, a
species or community of species might occupy a site having
wetland conditions by virtue of the inability of other
pioneers to endure that environment. Occupation of the
site would be, to some degree, a stochastic process, since
a number of species would be able to persist on the site,
and those whose propagules arrived first would have the

best chance of establishing control. But with time, a
variety of scenarios are possible. The community may be
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aggressive and able to expand from its original area of
establishment, as appears to be the case with salmonberry,

it may change the site and facilitate occupation by a

second species, or it may simply hold the site for the
indefinite period of time until the next disturbance event

takes place. In most instances, the continued evolution of

a community's bounds will cause the determination of the

local hydrology by vegetation indicators to be inexact.
Several areas in Site 4 had very similar hydrologic
regimes, yet supported quite different plant communities,

each with its own prevalence index rank.

Soils

Soil colors were shown to be good indicators of
hydrologic conditions when used in conjunction with plant
community boundaries. In some instances, such as across

Transect 2 in Site 1 or Transect 1 in Site 3, the
vegetation was not usefully indicative and the soil colors
presented a more accurate estimation of the boundary
location. The boundary was generally located at the point
where mottling and/or gleying was encountered at 18".
Boersma et al. (1970) found excellent correlation within
five different soil series between the depth to faint
mottling and the percentage of time the water surface was
above that depth. To some extent, it was assumed that the

soil drainage class was uniform, when in fact it often
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began to change at or near the boundary. Typically, soils
were denser, more finely textured and poorly drained
downslope of the boundary than above.

Finely textured and poorly drained soils may in fact
be a determining factor in the existence of a wetland.
Boersma et al. (1970) noted that in soils having a dense
clay B horizon, there occurred two independent patterns of

water table fluctuations, one above and one below the clay.
They further record that except for very slow lateral flow,
the only exit method left to the upper layer was
evapotranspiration. Over the course of this study, the
record of every transect crossing a band of clay
demonstrated that saturation was maintained for a

considerably longer period of time than in adjacent better
drained soil, no matter what the relative slopes (Figure
33). These bands of clays, in addition to maintaining
wetland conditions, may also act as temporary barriers to
downslope subsurface flow, providing detention storage
during storm events.

Classic hydric soil indicators were often not useful.
Hydrogen sulfide odor was only encountered in highly

organic soils, which were in turn only found in areas near
streams typically saturated over most if not all of the
year. It was not noticed in dense gleyed clay. Oxidized

rhyzospheres were found only at Site 4 beneath the Spirea

community occupying the center of the wetland area, and not
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under an essentially identical plant community at Site 2.

This was most likely due to the fact that although the

water level beneath the Site 2 Spirea community was

relatively steady, it did not reach the surface over the

wet season, whereas the Spirea at Site 4 endured ponded
conditions for a considerable length of time (Figure 34).

Oxidized rhyzospheres were not found in other areas such as

offstream mucks having water to or above the surface for
long periods of time. Low chromas were problematic. Very

organic soils exhibited low chromas whether hydric or not.

Worm castings turned some samples in otherwise very light

colored soils almost completely black. From the practical

standpoint of field delineation, it was difficult to see

colors well in the more heavily forested wetlands.

Concretions, both black and bright, were not useful. The

best indicator was the depth to mottling, which was proven

reliable in most cases, the clear exception being those
areas in which the water was moving relatively rapidly

within and/or above the soil medium.

The Growing Season

The concept of growing season is put forth in the

Manual within the definition of hydric soils, which are

defined to be "flooded, ponded, or saturated for usually

one week or more during the period when soil temperatures

are above biological zero 41' F as defined by "Soil
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Taxonomy" (U.S.D.A. Soil Survey Staff 1975)". This

definition is, in some areas of the country, overly

restrictive, and in others, overly inclusive and may not

apply to perennial evergreen vegetation, which can grow

anytime conditions become conducive to photosynthesis. In
New England, the author has observed both skunk cabbage and

witch hazel blooming during periods when soils are frozen
or at least deeply and repeatedly frosted. In Silver Falls

State Park, only the most exposed areas had soil

temperatures drop below 41`F during the entire winter, yet

there was clearly an end to one growing season and a

beginning to another. The proposed 1991 Revisions to the

Federal Manual (first draft) defined the growing season as

the "interval between 3 weeks before the average date of

the last killing frost in the Spring to 3 weeks after the

average date of the first killing frost in the Fall". The

proposed Revision does not define the term "killing frost".
Does it kill sensitive fern? ...or broccoli? Does it reach

to any depth in the soil? Is it just a simple free air
reading of 32`F? Active woody and herbaceous plant growth

and reproduction was taking place throughout the research

area long before the proposed Revision method would have

considered it to be the growing season. Both the 1989 and
1991 methods are arbitrary, neglect to consider processes



106

taking place on the ground, and appear inappropriate for
types of wetland ecosystems evaluated in this study.

In the spring of 1992, the growing season began early.

There were no major departures from normal maximum

temperatures, but the minimum temperatures were

considerably and consistently higher than normal (Figure
9). This may imply that consistently higher minimum

temperatures have more effect on breaking dormancy than do

higher maximum temperatures alone. The date of the last
frost was not unusually early despite higher minimum

temperatures over the winter season.

It is strongly suggested here that an ecologically apt
definition would be the one suggested by the term itself:

the growing season is the season during which things grow.

Moreover, when attempting to define the growing season for
a wetland, it is necessary to consider the conditions in
that wetland. A forested wetland, for example, begins its
growing season sooner than a nearby weather station might
indicate by virtue of the mollifying effect of the canopy
cover on the local thermal environment. On the other hand,

the weather station may reasonably index the thermal regime

of a forested wetland 500 feet higher in elevation, unless,
of course, the wetland happens to have a southern exposure.

Plants and other wetland inhabitants integrate all
environmental factors and should provide an accurate

definition each year.
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Hydrology

A sustained presence of water in the bioactive regions

of soils is the factor responsible for creation of wetland

conditions. Considerable debate has taken place concerning

the duration and depth of saturation necessary to generate

the anaerobic environment within which plants require

particular adaptive physiology in order to maintain

dominance (Hammer, 1992). This study appears to affirm the

hydrologic criteria outlined in the 1989 Manual, although

in order to more closely identify the required time period,

it would be necessary to do continuous monitoring of the

wells on and around the wetland boundary over a number of

wet seasons. If this were done, it would likely be found

that the required period would differ with soil type, plant

cover type and the larger hydrologic setting. For

instance, dense clays support less microbial activity than

do mucks and would require correspondingly more time to

deplete dissolved oxygen supplies in the soil water

(Gutenbergen, et al., 1991). Soils beneath an eastern

hemlock swamp also harbor less biological activity than do

soils beneath shrubs and grasses (Pritchett, 1979) and

would again take longer to become anaerobic, and last, a

wetland in the more hydrologically dynamic setting of a

western Cascades riparian area would replenish its

subsurface dissolved oxygen more regularly than would an
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ombrotrophic New England kettle bog and would require more

time to become anaerobic.

The communities used to identify the boundary area

(soil indicators refined the line) in many instances

remained continuous from points having surface saturation

for considerable periods of time to the identified wetland
boundary, where saturation to within 18" of the surface was

recorded for a period of at least seven days during the
growing season. In other places, particularly in the
meadow wetland, banding of vegetation was found both within
and without areas of surface saturation, but an 18" depth

to mottling as well as satisfaction of the Manual's
delimiters was relatively coincident with a change in

community from wet to less wet.

Wetland hydrology depends on two major factors: the
rate of water input to an area and the substrate into which
it flows. Within the former, it also became apparent that
the source of the flow was important. Lateral input via
subsurface flow from hillslopes maintained high soil water
levels more consistently and over a longer period than did
bank recharge from a stream. Clay soils at the base of the
hillslopes filled quickly through cracks and macropores but

drained much more slowly than did more porous media. For

instance, the end of Transect 2 in Site 3 covered a plateau
consisting of stream deposited silts and sand. It received
no water from the side slope being not only within the
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bankfull width of the channel but also separated from the

slope inflow by a broad band of clay. The well adjacent to
the stream maintained relatively consistent water levels,
but in the major portion of the plateau, water fluctuations
were tightly linked to rainfall timing and quantity and
were frequent, large and rapid (Figure 35). The soils
upslope of the lateral clay deposit were very much less
reactive, receiving water from the adjacent slope and
releasing it much more slowly (Figure 36).

Watershed area per se may be a relatively unimportant

consideration when attempting to understand the water
supply relations of a particular wetland since the
contributing area for that wetland depends largely on very
local characteristics both upslope and within the wetland.
The situation may be relatively complex for each wetland in
question. Water moving down a hillside will tend to follow
preferential pathways such that one section of wetland may

be supplied by a much larger contributing area than an
adjacent section. The rate of inflow and gross amount of
water necessary to engender wetland conditions will vary
from one spot to another depending on the nature of the
soil, depth to bedrock or an impermeable layer, and

rapidity with which water passes through the area, not to
mention a wide array of climatic, vegetative and other
factors.
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Maintenance of high soil water levels was also

dependent on the vagaries of the weather. Dry weather

obviously fosters soil drying and warm sunny weather

augments the effect, depleting soil water by means of

increased rates of transpiration and photosynthesis during
winter in areas having coniferous forests. The effect

becomes more pronounced when moving into the growing

season. This year's patterns of soil water level rise and
fall were more "ragged" than would be reasonably expected

in a year having more normal precipitation patterns.

Beavers

Beavers have been an important factor in the

development of the extent and character of the wetlands
observed in the three riverine sites. Both maintained and

abandoned dams retain water at high flows, though after

storms abandoned dams allow water levels to gradually drop

until a streamflow of normal winter proportions is
permitted to pass through the dam. Beavers expand wetland

area by not only elevating the water surface but also by
cutting channels laterally from their ponds, often (as was
the case in Site 2) releasing water from the pond into an

area that was previously relatively dry. They cut trees

and brush around their ponds, decreasing transpiration
somewhat, increasing the prevalence of herbaceous

vegetation and eventually increasing dominance by conifers,
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which they infrequently cut and sparingly consume. During

periods of higher flows, beavers were seen to move more

freely throughout the stream and wetlands to explore and
exploit new or long abandoned territories and resources.

Sediment deposition behind maintained and abandoned

dams creates a stepwise longitudinal stream profile,
broadening the stream and its associated wetland at each
step. The elevated water level drowns some trees and

reduces the effective rooting zone of others, causing
blowdown and large wood input to the wetland and stream.

This large wood also increases microsite variability and

vegetative diversity. Beavers key in on large wood for dam
construction, further aggrading the stream and wetland
complex. The material deposited behind dams tends to be

composed of fine particles (both organic and inorganic),
which retain water and maintain anaerobic conditions.

Influence Zone

The concept of an influence zone relates largely to

the hydrologic connection between upland and wetland. By

far most of the water coming into the wetland systems

examined in this study does so by way of subsurface flow

from the adjacent uplands. In riverine wetlands, the vast

majority of the water is supplied via subsurface flow

pathways rather than by bank recharge from the stream.

This has profound significance for activities in areas
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directly upslope of the wetland. If regulated (or

unregulated) activities are permitted down to the

delineated boundary, the values for which a wetland is

protected may be seriously affected, since the hydrology

responsible for the existence of the wetland will certainly

be changed. If wetland protection is considered important,

then an influence zone should be designated and protected

as well. To a certain extent, assignation of such a zone

may be arbitrary, but other factors such as the nature of a

particular wetland's hydrology, vegetation, topographical

setting, and soil types might be considered. It is beyond

the scope of this study to outline specific methods by

which the extent of an influence zone should be determined,

but it has certainly become obvious over the course of this

study that the establishment of such methods is needed.

The lack of such methodologies or procedures in any wetland

identification and delineation manual represents a serious

shortcoming in maintaining functions and values of

regulated wetlands.
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SUMMARY

The recognition that wetlands are worth protecting

also necessitated their definition and delineation. The

1989 Federal Manual for the Identification and Delineation
of Wetlands was the product of cooperation among four U.S.

Government agencies having varying degrees of involvement

with and commitment to the continued well-being of wetlands

and constituted a refinement and expansion of the 1987

Corps of Engineers Delineation Manual. The 1991 Revisions

were the product of the political controversy generated by

wetland protection rules, and have been widely vilified as

arbitrary, scientifically indefensible, and practically
unworkable (e.g.: Frenkel, 1991; Environmental Defense Fund

and World Wildlife Fund, 1992).

This study concurs with the concept and intent of the
1989 Federal Manual, which provides a three parameter

approach to delineating wetlands based on vegetation, soils
and hydrology. Within this methodology, hydrology is of
fundamental importance, and its existence will tend to be
indicated by the physical and biological contexts within
which it occurs, despite the seasonal or cyclical absence
of obvious saturation. However, some of the methods used

in the Manual could be improved.

The plant community assessment methods need to be

updated in order to better accommodate forested wetlands.
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Forested wetlands tend to have very complex microtopography

caused by fallen trees and tipped rootwads, which may

support upland vegetation. The canopies of tall and/or

wide trees rooted in upland habitat intrude upon sampled

areas, especially near the wetland boundary. The Manual

does not address this. The prevalence index, as defined by

the Manual, was generally a poor indicator of wetland

hydrology.

Soil color was a good indicator of the depth to

saturation in most instances, the exception being in soils

through or over which water moved relatively rapidly.

Other soil indicators of wetland hydrology such as sulfide

odor or oxidized rhyzospheres were not as reliable and were

encountered relatively infrequently.

Definitions of the growing season were found to be

unrelated to events taking place in the wetlands. It is

strongly suggested that the growing season be linked to

floral and faunal growth and reproductive cycles within the

wetlands of interest.

The definition of wetland hydrology as detailed in the

Manual generally matched the placement of wetland

boundaries at almost all sites despite the exceptionally

dry year. Sources of water tended to be highly variable,

and in the riverine wetlands, relatively unconnected to the

stream. Soil texture was very important in the maintenance

and location of wetland hydrology. It has been generally
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accepted that clay soils absorb water very slowly but this
was not found to be the case, though clays released water

very slowly in most instances. Water levels in less dense
soils dropped relatively quickly in response to drier
weather.

No wetland identification and delineation method

addresses the presence of animal life in wetlands, despite

the frequent mention elsewhere the value of various forms
of bird, mammal, reptilian and other life in wetlands.
This should change. For example, beavers can play a major

role in the formation, maintenance and configuration of
wetlands. Many forms of animal life rely on wetlands as
reproductive sites, and wetland identification should
incorporate these wetland ecological functions.

Wetland definitions, if created for the purpose of
maintaining wetlands, should incorporate the concept of a
zone of influence. In all four sites examined in this
study, by far most of the incoming water crosses the
wetland boundary. Land use practices above the boundary

may change the hydrology responsible for creating and

maintaining a wetland, thereby obviating the original
purpose of establishing a wetland boundary.
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APPENDIX A

Wetland Definitions:
* Section 404 of the Clean Water Act of 1977 (formerly

the Federal Water Pollution Control Amendments of 1972):

Those areas that are inundated or saturated by surface or

groundwater at a frequency and duration sufficient to
support, and under normal circumstances do support, a

prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include
swamps, marshes, bogs, and similar areas.

* Food Security Act of 1985 (under the "Swampbuster"

provision): Wetlands are defined as areas having a

predominance of hydric soils and that are inundated or

saturated by surface or groundwater at a frequency or

duration sufficient to support, and under normal

circumstances do support, a prevalence of hydrophytic

vegetation typically adapted for life in saturated soil

conditions, except lands in Alaska identified as having a

high potential for agricultural development and a

predominance of permafrost soils. (The Emergency Wetlands

Resources Act of 1986 does not include the exception for

Alaska. The definition is otherwise the same.)
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* The Wetland Classification System of the Fish and
Wildlife Service: Wetlands are lands transitional between

terrestrial and aquatic systems where the water table is
usually at or near the surface or the land is covered with

shallow water. For purposes of this classification
wetlands must have one or more of the following three

attributes: (1) at least periodically, the land supports
predominately hydrophytes, (2) the substrate is
predominately undrained hydric soil, and (3) the substrate
is nonsoil and is saturated with water or covered by

shallow water at some time during the growing season each

year.
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APPENDIX B

Table 1. Site 1 plant species list, Silver Falls State
Park, OR.

Upland/Transition-community

Species Average % Cover

Herbaceous Species
Adenocaulon bicolor 2
Asarum caudatum 3
Campanula scouleri 1
Carex, spp 6
Dicentra formosa 1Galium triflorum 10
Galium oregonum 4
Maianthemum dilitatum 3Montia sibirica 1Montia cordifolia 2
Pteridium aquilinum 18Streptopus amplexifolius 1Tiarella trifoliata 2
Vancouveria hexandra 3viola, spp 3

woody species
Acer circinatum 6
Alnus rubra 20Amelanchier alnifolia 8
Corylus cornuta 6
Gaultheria shallon 22
Pseudotsuga menziesii 44
Rhamnus purshiana 28
Rosa gymnocarpa 3Rubus spectabilis 6
Tsuga heterophylla 18
Vaccinium parvifolium 1

Salmonberry Community

Herbaceous Species
Carex, spp 9
Dicentra formosa 3
Galium triflorum 4
Maianthemum dilitatum 1
Polypodium hesperium 1
Polystichum andersonii 2
Polystichum munitum 4
Pteridium aquilinum 1Streptopus amplexifolius 1
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Tiarella trifoliata 4
Viola, spp 1

Woody Species
Gaultheria shallon 1
Pseudotsuga menziesii 1
Pyrus fusca 3
Rhamnus purshiana 10
Rosa pisocarpa 3
Rubus spectabilis 95
Sambucus racemosa 2
Tsuga heterophylla 15
Vaccinium parvifolium 1

Mixed Community

Herbaceous Species
Adenocaulon bicolor 2
Carex, spp 23
Conium maculatum 1Galium triflorum 6
Lyschitum americanum 5
Maianthemum dilitatum 1
Montia cordifolia 1Oxalis trilliifolia 1
Polystichum andersonii 11
Polystichum munitum 23Senecio triangularis 16Tiarella trifoliata 1Viola, spp 1

Woody Species
Acer circinatum 17
Alnus rubra 14
Gaultheria shallon 14
Physocarpus capitatus 7
Pseudotsuga menziesii 40
Pyrus fusca 26
Rhamnus purshiana 5
Rubus spectabilis 52
Tsuga heterophylla 26
Vaccinium parvifolium 2

Streamside Community

Herbaceous Species
Blechnum spicant 15Boykinia elata 1
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Carex, spp 3
Dicentra formosa 1Galium triflorum 1
Geranium viscosissimum 2Juncus encifolius 5
Juncus effusus 5
Lysichitum americanum 50
Maianthemum dilitatum 2
Oenanthe sarmentosa 5Oxalis trilliifolia 10
Polystichum munitum 17Polystichum andersonii 37Stachis rigida 5Tiarella trifoliata 1Viola, spp 3

Woody Species
Acer circinatum 10Alnus rubra 1
Gaultheria shallon 30
Pseudotsuga menziesii 5Pyrus fusca 5
Rhamnus purshiana 2
Rubus ursinus 5
Rubus spectabilis 45Spirea douglasii 3Tsuga heterophylla 6Vaccinium parvifolium 4
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Table 2. Site 2 plant species list, Silver Falls State
Park, OR.

Forested Upland Community

Species Average % Cover

Herbaceous Species
Montia cordifolia 3
Pteridium aquilinum 5
Thermopsis montana 10Tiarella trifoliata 5
Vancouveria hexandra 1

Woody species
Gaultheria shallon 90
Pseudotsuga menziesii 90
Pyrus fusca 10
Rhamnus purshiana 20
Rosa gymnocarpa 25
Rubus ursinus 10
Symphorocarpus alba 15

Upland/Transition Community

Herbaceous Species
Achillea millefolium 5
Agrostis oregonensis 24Camassia leichtlinii 2
Chysanthemum leucanthemum 15
Dicentra formosa 1Fragaria virginiana 16
Galium oreganum 1Galium triflorum 1
Hyparicum perforatum 2Ligusticum apiifolium 1Plantago lanceolata 4Prunella vulgaris 1Pteridium aquilinum 71
Stachys couleyae 1
Thermopsis montana 22Veronica serpyllifolia 1Viola langsdorfii 1

Woody species
Amelanchier alnifolia 1Gaultheria shallon 32
Pseudotsuga menziesii 5
Rhamnus purshiana 25Rubus ursinus 2Spirea douglasii 16
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Buckthorn Community

Herbaceous Species
Carex, spp 1
Chrysanthemum leucanthemum 3
Digitalis purpurea 5
Epilobium glandulosum 1
Fragaria virginiana 3
Galium aparine 3
Galium oreganum 5
Galium triflorum 3
Gentiana sceptrum 1
Glyceria striata 1
Montia cordifolia 2
Pteridium aquilinum 36
Stachys cooleyae 1
Stellaria calycantha 3
Thermopsis montana 8Viola langsdorfii 1

Woody species
Acer circinatum 3
Alnus rubra 3
Gaultheria shallon 68
Physocarpus capitatus 1
Pseudotsuga menziesii 9
Rhamnus purshiana 85
Rubus ursinus 8
Rubus leucodermis 5
Spirea douglasii 25
Symphorocarpus albus 7

Spirea Community

Herbaceous Species
Blechnum spicant 2
Carex, spp 13
Dicentra formosa 1
Epilobium glandulosum 2
Galium aparine 2
Gentiana sceptrum 3
Hypericum perforata 16
Pteridium aquilinum 21
Stellaria calycantha 2
Thermopsis montana 2Viola, spp 3

Woody Species
Gaultheria shallon 70
Holodiscus discolor 3Lonicera involucrata 2
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Pyrus fusca 1
Rhamnus purshiana 32
Rubus leucodermis 7
Rubus ursinus 10
Spirea douglasii 90
Vaccinium parvifolium 2

Streamside Community

Herbaceous Species
Agrostis oregonensis 3
Blechnum spicant 7
Carex, spp 20
Chrysanthemum leucanthemum 1
Cicuta douglasii 2
Digitalis purpurea 4
Epilobium glandulosum 4
Galium aparine 2
Galium triflorum 1
Galium trifidum 1
Galium oreganum 1
Huechera glabra 2
Montia cordifolia 3
Oenanthe sarmentosa 2
Pteridium aquilinum 13
Stellaria calycantha 2
Thelypteris nevadensis 20
Thermopsis montana 10Viola, spp 1

Woody Species
Acer circinatum 3
Alnus rubra 8
Amelanchier alniflorum 4
Gaultheria shallon 42
Physocarpus capitatus 1
Pseudotsuga menziesii 30
Rhamnus purshiana 48
Rubus leucodermis 2
Rubus ursinus 25
Rubus spectabilis 15Spirea douglasii 27
Symphorocarpus albus 10
Tsuga heterophylla 7
Vaccinium parvifolium 3
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Table 3. Site 3 plant species list, Silver Falls State
Park, OR.

Upland/Transition Community

species Average % Cover

Herbaceous Species
Dicentra formosa 1Galium triflorum 6Luzula hitchcockii 3Montia cordifolia 4
Parnassia fimbriata 1
Polystichum munitum 51
Pteridium aquilinum 7Senecio triangularis 3

Woody Species
Acer circinatum 68Acer grandifolium 4Alnus rubra 52
Corylus cornuta 1
Gaultheria shallon 30
Physocarpus capitatus 6
Pseudotsuga menziesii 34
Rhamnus purshiana 3
Rosa gymnocarpa 1
Rubus ursinus 2
Rubus spectabilis 5
Sambucus racemosa 1Tsuga heterophylla 3
Vaccinium parvifolium 2

Wet Flats Community

Herbaceous Species
Carex lanuginosa 28Digitalis purpurea 8Galium triflorum 7Lactuca muralis 9Montia cordifolia 4
Oenanthe sarmentosa 4Oxalis trilliifolia 5
Parnassia fimbriata 7
Poa lepticoma 14Polystichum andersonii 1
Polystichum munitum 5
Ranunculus uncinatus 2Senecio triangularis 30Stellaria crispa 2Streptopus amplexifolius 1
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Tolmiei menziesii 9

woody species
Acer circinatum 45
Alnus rubra 50
Gaultheria shallon 1
Pseudotsuga menziesii 35
Pyrus fusca 35
Rhamnus purshiana 4
Rubus spectabilis 3
Rubus ursinus 8
Tsuga heterophylla 8
Vaccinium parvifolium 1

Salmonberry Community

Herbaceous Species
Carex lanuginosa
Circium callileptus 3
Digitalis purpurea 5
Galium triflorum 7
Glyceria elata 10Oxalis trilliifolia 23
Parnassia fimbriata 2
Poa leptocoma 12
Polystichum andersonii 20
Polystichum munitum 17
Scirpus cyperinus 3Senecio triangularis 10Stellaria calycantha 2
Thelypteris phegopteris 1
Tolmiei menziesii 33viola, spp 2

Woody Species
Acer circinatum 20
Alnus rubra 58Gaultheria shallon 5
Pyrus fusca 13
Rhamnus purshiana 19Rubus spectabilis 62
Rubus laciniatus 2
Rubus ursinus 10
Tsuga heterophylla 2
Vaccinium parvifolium 1

7
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Peninsula Community

Herbaceous Species
Cirsium callilepsis 2
Galium oreganum 2
Galium triflorum 13
Glyceria elata 8
Montia sibirica 1
Oenanthe sarmentosa 4
Orthocarpus castilloides 30Oxalis trilliifolia 60
Polystichum andersonii 55
Senecio triangularis 37
Tolmiei menziesii 50

Woody Species
Alnus rubra 70
Rhamnus purshiana 1
Rubus spectabilis 7

Streamside Community

Herbaceous Species

Agrostis oregonensis 20
Blechnum spicant 20Galium triflorum 25
Glyceria elata 15
Juncus effusus 10
Mimulus moschatus 5
Oenanthe sarmentosa 5
Polystichum andersonii 40
Senecio triangularis 50
Tolmiei menziesii 60
Veronica chamaedris 20Viola glabella '10

Woody Species
Acer circinatum 30
Alnus rubra 40
Amelanchier alniflorum 2
Pyrus fusca 40
Rubus ursinus 10Rubus spectabilis 5
Tsuga heterophylla 1
Vaccinium parvifolium 5



134

Table 4. Site 4 plant species list, silver Falls State
Park, OR.

Upland/Transition Community

Species Average % Cover

Herbaceous Species
Achillea millifolia 7
Agrostis oregonensis 8Agrostis exerata 30
Anthoxanthum odoratum 20
Camassia quamash 6
Carex aperta 1
Castilleja, sp. 1
Chrysanthemum leucanthemum 33
Festuca subulata 11Fragaria virginiana 16Ligusticum apiifolium 1
Plantago, sp. 8
Pteridium aquilinum 20
Solidago spathulata var. neomexicana 1
Veronica caespitosum 1
Veronica chamaedrys 23
Viola adunca 8

Woody species
Amelanchier alniflora
Physocarpus capitatus
Rosa gymnocarpa
Rubus ursinus
Spirea douglasii
Symphorocarpus albus
Vaccinium caespitosum

4
1
2
2
1
9
11

Border CDeschampsia) Community

Species Average % Cover

Herbaceous species
Agrostis oregonensis 7
Anthoxanthum odoratum 22Arenaria, sp. 2
Aster eatonii 2
Camassia quamash 2
Carex aperta 12
Deschampsia cespitosa 34
Festuca subulata 8Fragaria virginiana 8
Gentiana sceptrum 11
Hypericum formosum var. scouleri 4



Juncus effusus
Ligusticum apiifolium
Plantago, sp.
Pteridium aquilinum
Solidago spathulata var. neomexicana
Veronica chamaedrys
Veronica scutella
Viola, sp.

Woody species
Vaccinium caespitosum
Spirea douglasii
Rubus ursinus
Amelanchier alniflora
Rosa pisocarpa
Physocarpus capitatus

Border (Carer) Community

species
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1
1
1

2

3
33
1
2

22
12
3

1
2

1

Average % Cover

Herbaceous species
Agrostis oregonensis 18
Agrostis exerata 7
Anthoxanthum odoratum 9
Arenaria, sp. 13
Aster eatonii 1
Blechnum spicant 1
Camassia quamash 2

Carex aperta 59
Cirsium, sp. 1
Deschampsia cespitosa 3
Digitalis purpurea 1
Fragaria virginiana 5
Galium triflorum 1
Gentiana sceptrum 7
Hypericum formosum var. scouleri 10Juncus ensifolius 2
Juncus effusus 1
Ligusticum apiifolium 1
Luzula parviflora 1
Plantago, sp. 1
Pteridium aquilinum 8
Solidago spathulata var. neomexicana 2
Veratrum californicum 2
Veronica chamaedrys 2
Veronica scutella 1
Viola, sp. 1

Woody species
Rosa pisocarpa 4



Rubus ursinus
Salix, sp.
Spirea douglasii
Symphorocarpus albus
Vaccinium caespitosum

Spirea Community

Species
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7

3

30
8
8

Average % Cover

Herbaceous species
Agrostis oregonensis 1
Arenaria, sp. 8
Camassia quamash 1
Carex aperta 8Galium triflorum 1
Gentiana sceptrum 6
Hypericum formosum var. scouleri 12Ligusticum apiifolium 1Luzula parviflora 3
Pteridium aquilinum 3
Streptopus amplexifolius 1Veronica scutella 1

Woody species
Gaultheria shallon 10
Pyrus fusca 4
Rosa pisocarpa 3
Rubus ursinus 4Spirea douglasii 92

PiReflow Community

Species Average % Cover

Herbaceous species
Achillea millifolia 2
Agrostis oregonensis 7
Agrostis exerata 3
Anthoxanthum odoratum 43Arenaria, sp. 3

Carex aperta 5
Chrysanthemum leucanthemum 9
Cirsium arvense var. horridum 9
Deschampsia cespitosa 30Digitalis purpurea 1
Festuca subulata 3
Fragaria virginiana 4
Gentiana sceptrum 9
Hypericum formosum var. scouleri 16
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Juncus effusus var. compactus 6
Juncus effusus var. gracilis 3
Plantago, sp. 1
Rumex acetosella 1
Veronica scutella 2

Woody species
Rubus ursinus 8
Spirea douglasii 10

Short Vegetation Wetland Community

Species Average % Cover

Herbaceous species
Achillea millifolia 6
Agrostis oregonensis 3
Agrostis exerata 21
Anthoxanthum odorata 20
Chrysanthemum leucanthemum 33
Deschampsia cespitosa 3
Festuca subulata 3

Fragaria virginiana 10
Hypericum formosum var. scouleri 3
Plantago, sp. 27Potentilla palustris 2
Veronica chamaedrys 22

Woody species
Vaccinium caespitosum 63
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APPENDIX C

Table S. Prevalence index by plant communities within
sites. Silver Falls State Park, OR.

Site 1
Community Herbaceous Only With Woody Veg
Upland/Transition

Salmonberry

Mixed

Instream

3.7

3.3

3.8

2.3

Site 2

4.2

3.1

3.7

3.0

Community Herbaceous Only With Woody Veg
Upland/Transition (NF*) 3.7 4.1

Upland/Transition (F**) 3.2 5.0

Spirea 3.3 3.6
Buckthorn 3.5 3.7
Streamside 3.5 3.9

Site 3
Community Herbaceous Only With Woody Veg
Upland/Transition 4.5 4.0
Wet Flats 1.9 3.9
Salmonberry 3.5 3.0
Peninsula 3.2 3.1
Streamside 3.0 3.1

Site 4
Community Herbaceous Only With Woody Veg
Upland/Transition 3.4 3.4
Deschampsia 2.7 3.0
Carex 2.1 2.1
Short Vegetation 3.7 4.0
Spirea 2.4 2.0
Pipeflow 2.9 2.9

* Not Forested ** Forested
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APPENDIX D

Graphical presentation of free water surface at weekly
intervals for Transect 2 at Site 3.
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APPENDIX E

Retrospectives Regarding Methodology: Certain aspects of

data collection procedures and project management could be

improved upon:

* Vegetation data was collected using the transect

method, which, when used alone, may not have adequately

mapped plant communities. Confirmatory "walk around"

mapping of areas occupied by plant communities would have

helped.

* Well networks would have been considerably improved

by inclusion of loose groups of wells between the

transects.

* One or two continuously monitored wells per site

could fill the gaps between weekly or biweekly readings of

the entire network without adding greatly to the project

expense.

* Mapping of apparent preferential subsurface

pathways using geomorphic and soil features in concert with

well network data would go far to improve understanding of

upslope riparian wetland hydrology.
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APPENDIX F

Future Research Needs: Some areas of future research might

be:

* Monitoring of redox potentials at various points in

a wetland, especially around the wetland boundary in order

to confirm the existence of anaerobic conditions along a

saturation gradient across a transition zone.

* Co-monitoring of water velocities and redox

potential in soils. It may be that subsurface water moving

at relatively rapid velocities does not establish anaerobic

conditions as quickly as does slow moving water. If this

is true, it could explain the apparent anomaly at Well

-1,1,3, where water levels remained high over the wet

season, but the elevated water levels were not reflected in

soil characteristics or vegetation.

* Monitoring of pond levels above maintained and

abandoned beaver dams over a complete wet season.

* Study of rainfall/runoff relations at a series of

elevations along a riparian wetland complex to identify

stormwater detention sites.

* Further analysis of prevalence index assessment

methods for wetland vegetation.


