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Vegetation ecology of eight Oregon freshwater wetlands was

described and net aerial primary productivity estimated in four

wetlands. Plant cover samples were used to classify 37 wetland and

11 terrestrial communities by agglomerative hierarchical clustering.

Samples and species were ordinated. Direct measurements were made

of sample relative elevation, inundation duration, and soil saturation.

Within- (alpha) and between- (beta) diversities were determined for

communities. Alpha diversity was correlated with wetland elevation/

inundation-soil saturation gradient.

Three coastal zone wetlands were studied: Daley Lake, Bayocean,

and Rockaway within which 12 wetland and four terrestrial communities

were identified. Alpha diversity for Daley Lake and Bayocean

emergent wetlands increased with increasing elevation and decreasing

inundation period (mean r2 = 0.51 and 0.53 respectively). High beta

diversities within these wetlands suggests community distinctiveness.

Mean productivity at Daley Lake was 2872 g/m2/yr.



Three Willamette Valley wetlands were studied: Frazier-

Jackson, Gray Creek, and Fern Ridge within which 14 wetland and

three terrestrial communities were identified. Alpha diversity

increased with decreasing inundation (mean r2 = 0.54). High beta

diversity reflected community homogenity. Mean productivity for

the Fern Ridge wetland was 1837 g/m
2
/yr.

Seven wetland communities, including two wetland community types

(tall perennial and prostrate perennial), and two terrestrial

assemblages were identified within the Cascade Mountains' Davis Lake

site. For the total wetland system, alpha diversity increased along

the elevation/inundation gradient (mean r
2
= 0.52). Beta diversity

of prominent communities suggests vegetative homogenity. Mean

productivity for the tall perennial wetland type was 1325 g/m2/yr

and for the prostrate perennial type 207 g/m
2
/yr.

The Lookout Creek wetland site in the Ochoco Mountains included

four wetland and two terrestrial communities. Greatest overall

alpha diversity was in the moderately saturated areas. The Lookout

Creek wetland communities were vegetatively distinct. Mean

productivity for the Lookout Creek wetland was 889 g/m2/yr.

Floristic similarities among all 37 wetland communities were

analyzed. Generally, communities within the same wetland were

floristically more similar to each other than to communities of other

wetlands. Emergent plant communities west of the Cascade Mountains

tended to be more floristically similar to one another than to those

of central Oregon. Forested wetland plant communities were

floristically dissimilar to emergent wetland communities.
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PREFACE

The research for this thesis was carried out in conjunction

with a study conducted by the U.S. Environmental Protection

Agency, Corvallis Environmental Research Laboratory Wetland

Program to develop criteria to determine the upper boundary of

freshwater wetlands using vegetative and floristic criteria,

hydrologic regimes, and soil characteristics. Different wetland

types (emergent, shrub, forested) were selected from various

geographic locations in Oregon to test the EPA/Army Corps of

Engineers definition of wetlands as stated in the Army Corps of

Engineers guidelines for Section 404 of the Water Pollution

Control Act Amendments of 1972. In the guidelines for this

section, wetlands are defined as:

those areas that are inundated or
saturated by surface or ground water at a
frequency and duration sufficient to
support, and that under normal
circumstances do support, a prevalence of
vegetation typically adapted for life in
saturated soil conditions.

To throughly test this definition, wetland study sites were

sampled every five weeks for a 16 month period in order to

identify seasonal shifts in species composition, water table

depth, and soil moisture saturation along an environmental

gradient from a wetland to an adjacent terrestrial environment.



VEGETATION ECOLOGY AND NET PRIMARY PRODUCTIVITY

OF SELECTED FRESHWATER WETLANDS IN OREGON

INTRODUCTION

Freshwater wetlands are vital ecosystems constituting

productive and viable resources (Errington 1957, Vallentyne 1972,

McCormick 1978, Reppert et al. 1979), yet signficant wetland

acreage is lost each year to human exploitation (Goodwin and

Niering 1975, Stearns 1978). It is essential that freshwater

wetland ecosystems be carefully examined before developments are

begun. From knowledge of the relative value and function of these

ecosystems managers can make reasonable decisions based on the

best data available. In what follows, selected freshwater

wetlands in Oregon are considered in detail. The objectives of

this investigation are as follows:

(1) determine and describe plant communities within
selected Oregon freshwater wetlands;

(2) determine the within-community species diversity for
each wetland;

(3) determine plant species diversity between communities
within a given wetland;

(4) estimate the annual net aerial primary productivity of
four wetlands; and

(5) correlate within-community diversity and productivity
with elevation and inundation period.
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Wetland Characteristics

Freshwater wetlands are found in many landscapes and include

such diverse ecosystems as sphagnum bogs, vernal pools, fringe

marshes around lakes, overflow marshes of high energy rivers such

as the Mississippi and Columbia, cedar swamps of the Washington

coast, sedge meadows of Minnesota, and prairie potholes of the

Midwest. Due to their tremendous geographical and ecological

diversity, these ecosystems are difficult to describe in a

comprehensive manner; yet, all of these systems have certain

common characteristics. They are located in areas which are

inundated frequently enough by water so that soil or substrate is

saturated permanently or periodically during the growing season

within the root zone.

Hydrology

The hydrologic regime is the main determinate of wetland

structure and function. Hydrologic factors include: water source

(which may determine nutrient loading, oxygen tension, and toxin

load); velocity (which affects turbulence and water load

characteristics); and the renewal rate (which controls nutrient

levels, flooding depth and duration, and timing of frequency of

inundation) (Gosselink and Turner 1978, Carter et al. 1979,

Novitzki 1979). Flooded conditions lead to a set of chemical

characteristics not found in oxidized terrestrial soils.

Micronutrients tends to be more available while certain macro-
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nutrients become limiting. Toxic substances such as hydrogen

sulfide may accumulate and oxygen may be limited in the root zone

(Patrick and Mikkelsen 1971). These conditions, and others, have

caused wetland plants to evolve certain morphological,

physiological, and biochemical mechanisms which allow them to

survive in wetland enviraments (Vartapetian 1978). Owing to the

limiting environment, wetland floras are typically species-poor

compared to terrestrial communities (Gosselink and Turner 1978).

Development

As the wetlands become established under low energy hydrologic

regimes, vegetation acts as a baffle to water. This increases the

depostion rate of silts, clays, and organic material, leading to

an increase in wetland elevaton. At higher elevations, inundaton

frequency and depth of flooding decrease so that more organic

production is depositied in situ. This deposition results in

further increases in wetland elevation. Such development is often

associated with classical examples of bog succession (Gorham

1957). Under high energy hydrologic regimes, terrestrial

conditions do not develop because flooding continually removes

organic material and sediment from the wetland. Odum (1971) has

described wetlands with high energy and varying hydrologic regimes

as exhibiting "pulse stability".
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Ecological Processes

Research concerning primary productivity, decomposition, and

nutrient dynamics of freshwater wetlands has increased over the

past several years (Good et al. 1978). A serious shortcoming,

however, is that these studies have not examined wetlands as a

group of functionally related community types (McCormick 1978).

Above ground biomass and/or primary productivity have been

found to vary signficantly, depending on the type of freshwater

wetland system. Northern bog biomass ranges from 102-530 g/m2

(Reader 1978), while van der Valk and Davis (1978) found that

Midwest prairie glacial pothole marshes range in biomass from 731-

2852 g/m2. These values are probably under-estimates due to data

not being adjusted for mortality and the absence of below-ground

data (de la Cruz 1978). To understand the primary productivity of

freshwater wetlands it is necessary to evaluate factors such as

geographical location, hydrologic regime, soil regime, community

type, stand history, and species life history (Good et al. 1978).

Energy flow through the herbaceous food chain in freshwater

wetlands is low with greatest movement through the detrital food

chain (Clark and Clark 1979). Litter may be exported from the

wetland surface as rafts or through particle flotation. Likewise,

litter may be imported into a wetland system by the same

mechanisms. Where litter decomposition rates are low or removal

is slow, substantial quantities of organic matter may be

incorporated into the substrate via decomposition (Gooselink and

Turner 1978).
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Water entering a wetland is altered by microbial

transformations and nutrient uptake by plants (Richardson et al.

1978). Sodium and potassium may be leached quickly from plants

and plant litter following the growing season, while other

nutrients such as calcium, silicon, and magnesium are released

more slowly. Thus an important role of macrophytes may be to

"pump" nutrients from the sediments and make them differentially

available through leaching following deccmposition (Klopateck

1975, Prentki et al. 1978). More detailed knowledge is needed

before a determination can be made whether a given freshwater

wetland is a net importer or exporter of nutrients. This will

require measurement of i nputs and outputs, as wel 1 as detail ed

understanding of the internal nutrient cycles. Because of the

variability among freshwater wetlands, few generalizations can be

made concerning nutrient dynamics and no immediate overall

functional model may be expected (Valiela and Teal 1978).

Classification

The increase during the last several decades in freshwater

wetland research has been precipitated by changi ng public and

governmental attitudes. Before 1950 wetlands were considered as

having 1 i ttl e value. Federal laws general ly favored conversion of

wetlands to agricultural uses, and in many other instances

wetlands were filled , drained, or di ked for real estate

development (McCormick 1978). During the 1950's the public became

aware of the accelerating losses of wetlands and the consequences
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of these losses with respect to environmental protection,

recreation, aesthetics, and the production of renewable resources

(Stearns 1978). This awareness stimulated efforts toward wetland

preservation and wetland classification for planning and

management purposes.

Freshwater wetland classification surveys which began in the

1950's, were primarily conducted by the United States Department

of the Interior, Fish and Wildlife Service. The most notable

classification schemes follow.

Martin et al. (1953) developed a nation-wide survey and

classification based on water depths during the growing season,

the degree of seasonal flooding, and the dominant form of

vegetation. Because of its general nature it could not be applied

to many local or regional situations. This classification did not

account for many important functions other than bird habitat.

The Cowardin et al. (1979) classification supersedes Martin's

and is hierarchical permitting a more systematic and universal

classification. It is structured around ecologic, biologic,

hydrologic, and geomorphic characteristics. The system has a

coarse level of discrimination, and like Martin's is of little

value at the local level where the most definitive unit of

classification is the vegetation type or plant community

(McCormick (1978).
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Wetland Research in the Pacific Northwest

Detailed, quantitative vegetation data now exists for Pacific

Northwest intertidal salt marshes (Jefferson 1974, Eilers 1975,

Burg et al. 1975, Hoffnagle et al. 1976, Disareli 1977, Frenkel et

al. 1978). Freshwater wetlands have not been as well studied

possibly due to the wide variety of habitats in which they are

found, their extensive geographic separation, and lack of funding

for research.

Freshwater wetland research in the Pacific Northwest has

primarily been concerned with sphagnum bogs and fens (Rigg 1917,

1919, 1922, 1940, Hansen 1942, Christy 1979, Seyer 1979). These

studies have generally been limited to floristic lists or else

have special purposes, e.g., pollen analysis. Seyer, however,

provided a detailed study of a montane wetland in Crater Lake

National Park, Oregon. She described three community types, as

well as communities within these types. Seyer related these

communities and community types to relative topographic position,

pH, water table depth, and nutrient status. Other Pacific

Northwest wetland studies include MacNaughton (1966) who studied

two Typha latifolia wetlands in two localities in Oregon,

Padgett's (1981) research on riparian habitats in eastern Oregon,

and Thomas' (1980) studies on freshwater intertidal wetlands in

the Columbia River Estuary.
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However, there is little published material on freshwater

wetlands in the Pacific Northwest leading to a major gap in our

knowledge of these ecosystems. The research recorded here will

help fill this void by providing data concerning selected

freshwater wetland plant communities and their habitats in the

Pacific Northwest.
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STUDY SITES

Selection of Study Sites

In selecting freshwater wetlands in Oregon for possible

inclusion in a vegetation ecology study, several criteria were

used:

(1) wetlands had to represent different classes, i.e.,
emergent, shrub, forested (Cowardin et al. 1979);

(2) wetlands were to be located in several different
physiographic provinces, i.e., Coast Range, Willamette
Valley, High Cascades, etc.;

(3)
wetlands were required to be relatively undisturbed;

(4) contiguous uplands had to be free of profound human

disturbance; and

(5) easy access to the wetlands was necessary.

The procedure followed in selection of study sites was four-

fold: literature search of previous wetland research and sites

studied or recognized in Oregon; examination of aerial photographs

to locate and screen potential sites; plot map locations of

wetland sites; and field check the most promising sites. To aid

in wetland selection a field screening form was prepared (Appendix

A). Altogether 118 potential wetlands were identified. Of these,

31 were field checked. The location of the wetlands chosen for

the vegetation ecology study is shown in Figure 1; their name,

class, physiographic province, county, township-range, latitude-

longitude, and elevation are listed in Table 1.
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Figure 1. Location of the wetland study sites.

Wetland Study Site

1. Rockaway

2. Bayocean

3. Daley Lake

4. Frazier-Jackson

5. Gray Creek

6. Fern Ridge

7. Davis Lake

8. Lookout Creek



Table 1. Wetland study sites.

Wetland

Wetland

Class

(Cowardin, et al. 1979)

Physiographic

Province

(Franklin & Dyrness 1973)

Cwnty Township-

Range

Latitude-

Longitude

Elevation (n)

1. Rockaway Forested Coast Range TilTanock T1N, R1C44 45°36'N 5

Section 5 123°5714

2. Bayocean Emergent Coast Range Tillanuck T1S, T1CW 45°31'N 3

Section 6 123'57'W

3. Daley Lake Emergent- Coast Range Tillamook T5S, R11W 45°8'N 3

Shrub-Scrub Section 13 123' 5814

4. Frazier- Emergent- Willamette Benton THS, R94 44°37'N 69

Jackson Shrub-Scrub Valley Section 13 123'14'W

5. Gray Creek Emergent Willanette Benton T13S, R94 44°24'N 84

Valley Section 31 123'2014

6. Fern Ridge Emergent Willamette Lane T17S, Rid 44°4'N 116

Valley Section 28 121°5014

7. Davis Lake Emergent High Cascades Deschutes T23S, R7E 43°36'N 1332

Section 1 121°5014

8. Lookout Emergent Blue Mountains Crook T15S, R21E 44°18'N 1372

Credo Section 5 12CP1414
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Study Site History

Coastal Sites

The section of the Oregon coast in which the three coastal

wetlands are located is characterized by remnants of parabola dune

complexes resting upon terrace substrates or ascending mountain

slopes, associated with truncated rocky headlines (Cooper 1958).

The Rockaway site, underlain by marine terraces, is found

behind a narrow dune ridge on top of a barrier beach (Figure 2).

The wetland proper has been distrubed by several hiking trails and

an old corduroy road. Surrounding land uses have also had an

extensive impact. The building of U.S. Highway 101 downstream of

the wetland may have increased its "swampiness" due to blocking of

the drainage. Recent logging and now housing within the upper

watershed and adjacent to the wetland may have a number of effects

in the future; one being an increase in siltation (Lawyer 1979).

Bayocean wetland is located at the southern end of Bayocean

Spit (Figure 2) which is the remains of the inner margin of a

parabola dune complex that once extended from. Cape Mears on the

south to Cape Falcon on the north. Where the wetland site is now

located is thought to have been the outlet of Tillamook Bay. This

outlet was closed by a barrier beach (Cooper 1958) that has been

breached at various time throughout its history, the most recent

occurring in 1956 (Dicken 1961). The Bayocean wetland indirectly

owes its existence to man. Erosion of Bayocean Spit began in the

1930's with the construction of a north jetty to Tillamook Bay.
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The jetty prevented north-to-south longshore sand transport,

depriving the spit of sand. In 1952 the southern end of the spit

was breached, with a 1220 m segment of the ridge being destroyed

(Terich 1974). This breach was closed in 1956 by a dike road set

back from the beach line. A freshwater lake was created between

the dike and sand dunes seward of the dike. U.S. Army Corps of

Engineers air photos indicate the wetland began to develop around

the edges of the lake in 1962. This wetland, then, is

approximately 20 years. old.

Daley Lake, a coastal re-entrant, was brought into existence

by the natural stabilization of small parabola dunes located upon

a barrier beach (Cooper 1958). The wetland location, shown in

Figure 3, does not appear to have been disturbed directly by

man. However, the watershed has been used for cattle grazing

which may affect nutrient loading.

Willamette Valley Sites

The Willamette Valley, a broad structural depression 220 km

long and 30 to 50 km wide, is characterized by broad alluvial

flats separated by groups of low hills. The Willamette River has

historically meandered throughout the Valley, providing a

multitude of oxbow lakes and meander scars. The floor of the

Valley is underlain by non-marine sediment deposits which are
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overlain by Pleistocene and Holocene silt deposits (Franklin and

Dryness 1973). The Frazier-Jackson and Fern Ridge study sites are

located within the Valley proper, whereas the Gray Creek site is

situated on the western boundary within the Coast Range.

Frazier-Jackson wetland is surrounded by agricultural land on

all but the south side which is urbanized (Figure 4). Attempts

have been made to drain the wetland, with a few drainage ditches

still in existence.

The Gray Creek site, located in the William L. Finley National

Wildlife Refuge (Figure 5), has been impacted by logging in its

watershed and land adjacent to the wetlands (J. Annear, pers.

comm.). Parts of the wetland were grazed by cattle until 1982.

Beaver activity and a man-made dam, together, pond water in the

wetland.

The Fern Ridge wetland resulted from a reservoir created by

damming of the Long Tom River in 1939 (Figure 6). The wetland is

effected extensively by the draw-down of the reservoir during the

summer and fall. From November to early April the wetland is not

inundated, and does not follow the seasonal pattern expected from

the climatological data.
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High Cascades

The Davis Lake wetland is located in the High Cascade

geomorphic province (Figure 7), which is essentially a high

plateau area containing scattered volcanic peaks composed of

andesite, and smaller cinder cones comprised of gray to red

basalts and andesitic pyroclastic rocks (Baldwin 1964). Davis

Lake was created by lava flows from a cinder cone which blocked

Odell Creek. The wetland that has formed on the edges of the lake

is used by bird watchers and hunters, and may be indirectly

influenced by the draw-down of Wickiup Reservoir into which Davis

Lake drains. This draw-down shortens the inundation period of the

wetland during the growing season (H.P. Eilers, pers. conm.).

Ochoco Mountains

Lookout Creek wetland (Figure 8) is located on a high

elevation (1500 m) undulating to rolling plateau in the Ochoco

Mountains with broad open flats divided by gently sloping draws

(Paulson 1977). The wetland is situated on highly weathered

tuffaceous sediments which have been weathered to clays and

deposited from the surrounding hill slopes (Swanson 1969). The

wetland is heavily grazed during August, and timber is harvested

from the watershed. However, like the other study sites, these

impacts have not been quantified.
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Climate

The diversified climate of Oregon is the result of a complex

interaction between maritime and continental air masses in

association with mountain ranges, particularly the Cascade Range

which divides Oregon into eastern and western sections.

Coastal and Willamette Valley Sites

The general character of climate west of the Cascades is

maritime, having a small seasonal variation in temperature, with

relatively cool summers and mild winters. Precipitation occurs

mainly in the winter, the result of cyclonic activity. Table 2

provides data for four western Oregon weather stations, two on the

coast and two in the Willamette Valley. the Tillamook station is

closest to the Rockaway and Bayocean sites, and Cloverdale is

nearest to Daley Lake. The Corvallis station is nearest to

Frazier-Jackson and Gray Creek, while Fern Ridge is closest to the

Fern Ridge site. The two coastal stations show some variation

between each other, as do the Willamette Valley stations. There

is a distinct difference, however, between the coast and Valley in

precipitation and temperatures. The Valley, in the rain shadow of

the Coast Range, receives less precipitation. Valley summer

temperatures are higher than the coast and winter temperatures

lower because the coast sites experience onshore oceanic flows of

cool air with frequent fogs and low clouds in summer and are

moderated by proximity to the ocean in winter (Liverman 1981).
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High Cascades and Ochoco Mountains Sites

Eastern Oregon has a combination of maritime and continental

climates causing a greater temperature fluctuation than found west

of the Cascades. Winters are colder and summers hotter.

Precipitation is still primarily from cyclonic storms, but is less

than for the areas west of the Cascades because of the rain shadow

effect. Precipitation is also not as seasonal as on the west

side; and a high proportion of the annual precipitation is snow

(Franklin and Dyrness 1973). Table 2 shows climatic data for

weather stations nearest to Davis Lake and Lookout Creek. Two

stations are used for Davis Lake: Odell Lake, located

approximately 16 km to the southwest and at 129 m higher

elevation; and Wickiup Dam, 11 km to the northeast of Davis Lake,

and at the same elevation. Odell is -5.4°C cooler than Wickiup,

and receives 138 cm precipitation as compared to 53 cm far

Wickiup. Precipitation and temperature at Davis Lake may be

closer to that recorded at Wickiup. However, since Odell Lake is

the primary hydrologic input into Davis Lake, the climatic factors

which affect the Davis Lake wetland water source may be of more

importance than those that would be registered at Davis Lake.
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The Ochoco Ranger Station, the nearest weather recording

location to the Lookout Creek site, is 18 km to the west and at

152 m lower elevation. However, monthly and annual precipitation

and temperature for the elevation of Lookout Creek has been

calculated by Wood (1977) from the Ochoco Ranger Station data.

Using the actual station or interpolated data, the annual

precipitation is approximately that recorded at Wickiup Dam, while

the annual temperature is close to that of Odell Lake.



Table 2. Temperature and precipitation data for selected stations nearest the study sites.

Vleather
Station

Study Site
Clcsest to Jan Feb Mar Apr Kay the July Aug Sept Oct Nov Dec Ann

Cloverdale+ Daley Lake
Tani). 5.67 7.11 7.61 9.44 11.89 13.94 15.72 15.61 14.94 12.33 9.00 7.11 10.89
Precip. 31.51 26.54 24.28 14.48 10.24 9.25 2.64 3.53 8.74 21.39 28.02 33.36 214.33

Tillanook Rockaway

Bayocean 5.39 6.18 7.33 9.17 11.17 13.22 14.50 14.67 13.83 11.61 8.56 7.00 10.28
Precip. 33.60 29.16 27.61 14.68 10.59 8.55 2.90 3.61 7.95 20.02 30.51 38.05 227.20

Corvallis Frazi er-
Tenp. Jackson 4.11 6.06 8.06 10.94 13.89 16.44 19.22 19.11 11.06 12.44 7.44 5.44 11.61
Precip. Gray Creek 16.00 12.17 10.46 5.18 4.57 3.15 0.79 0.91 3.18 8.94 13.59 16.69 95.68

Fern Ridy? Fern Ridga
Tenp. 3.50 5.44 6.89 10.00 13.22 15.83 18.94 18.67 16.94 11.94 7.28 4.94 11.11
Precip. 17.42 13.46 10.85 5.26 4.42 3.05 0.74 1.02 2.49 10.03 14.98 15.29 98.96

Odell Lake Davis Lake
-3.33 -1.39 -0.28 3.11 6.78 10.28 14.67 13.78 10.61 6.19 1.11 -1.33 4.94

Precip. 22.25 16.67 16.56 9.50 7.06 5.31 1.12 1.45 4.06 11.58 18,62 23.90 138.18

Wi cki up Dan Davis Lake
Tenp. -4.17 -1.28 0.56 4.83 8.67 11.72 15.94 14.67 11.44 6.61 1.56 -1.94 10.33
Precip. 8.53 5.77 3.96 2.18 3.96 3.28 1.32 1.42 1.55 4.67 6.32- R.31 52.55

Ochoco R. S. Lockout Cred(
Tenp. -4.28 -1.39 1.33 5.33 9.22 12.11 16.33 15.39 12.89 7.50 1.33 -1.83 6.17

Precip.

Odioco R. S # lookout CreEk

5.74 4.67 4.17 3.28 4.67 4.52 1.55 1.52 2.01 4.39 5.77 7.01 49.02

Tenp. -6.11 -3.33 -0.56 4.44 8.33 11.11 15.56 8.89 7.22 6.67 0.00 -3.33 5.00
Precip. 7.11 6.10 5.33 1.32 5.59 5.84 2.03 2.29 2.54 6.60 0.91 8.64 63.75

+ Source: Pacific Isbrtiwest River Basins Cownission, Meterology Connittee, 1969.
# Source: Wood (1973).



RESEARCH DESIGN AND METHODS

Vegetation Data Collection

Transect Location
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After reconnaissance of the eight study sites, three to six

vegetation transects parallel to the wetland-upland gradient were

placed at each site. Aerial photographs and additional field

reconnaissance ensured that transect placement adequately sampled

the vegetational variation at each site. Depending on the

particular study site, transects were positioned either entirely

within the wetland, or extended from the wetland into the

terrestrial environment. All transects were permanently located

by a PVC stake at the upper end and a compass direction determined

for each.

Permanent Plots and Plot Sampling

Permanent microplots, 50 X 50 cm, were used to sample herb and

low shrub cover (dominance) and obtain species'

presence/absence. Each microplot was marked by a 0.5 cm diameter

PVC stake positioned on the central right side of the microplot

looking down the elevational gradient (Figure 9). Where tall

shrubs or trees were encountered, 5 X 5 m reconnaissance plots
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were established. Reconnaissance plots were centered on a

herbaceous - low shrub microplot stake along the transect (Figure

9). Herb, shrub, and tree cover were recorded to the nearest 10

percent.

The number of microplots varied along each transect, with

spacing between the microplots ranging from 1 to 20 m depending on

the width of the plant community being sampled as judged in the

field (Figure 9). Table 3 provides a summary of the sampling

information for the eight study sites. Location of transects for

each study site is shown in Figures 13, 20, 26, 31, 37, 42, 49 and

60. These transects are designated by a "T".

Each site was sampled at five week intervals from late June,

1979 to early November, 1980. However, only 1980 data is used in

this study because no environmental data were collected during

1979. At each sampling period, herb and low shrub species cover

and frequency data were collected. Tree data were collected only

once. Although community sampling was repeated at five week

intervals, the community data used in this study were collected

primarily in June, 1980. In addition to the systematic sampling

along transects aerial photography was used to delimit areas of

homogenous vegetation within all the study sites except for the

forested Rockaway site. Vegetation maps were then established

from the photographs, plot sampling, and repeated field

reconnaissance over the 16 month sampling period.
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Table 3. Sampling information and summary for the eight study sites.

Site:

Daley

Lake

Bay-

ocean

Rock-

a4ay

Frazier-

-Jackson

Gray

Credo

Fern

Ridge

Davis

Lake

Lookout

Credo

No. of

Iran-

sects

5 5 3 5 6 5 5

Av.

Transect 64.5 134.8 59.2 88.0 51.0 540 318.0 141.0

Lenth (m)

No. of

Samples

Wetland 67 98 42 31 67 72 111 114

Upland 18 22 9 30 29 11
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Vegetation Data Analysis

Data Editing and Transformation

Species were eliminated for analytical purposes if found in

less than 5 percent of the microplots of any given study site

(Dagnelie 1960, Girgal and Ohmann 1975). Cover values of

remaining species within each study site data matrix were

transformed to (1 + log % cover) which reduces the disparity

between large and small cover values in the computation of

resemblance measures (Boesch 1977, Campbell 1978, Jensen 1978,

Maarel 1979), and therefore reduces heteroscedasticity of

variances in the vegetation samples (Sokal and Rohlf 1981).

Data Synthesi s

The use of multivariate techniques in vegetation ecology has

expanded tremendously in recent years. These techniques have the

appeal of objective analysis and simplify the complex arrays of

data generated in field studies. The most frequent multivariate

techniques applied to ecological data are associated with either

classification and/or ordination. For classification, stands are

ordered into groups or sets based on species relationships while

in ordination, species or sample affinites are related to

environmental gradients (Sneath and Sokal 1973, Pimental 1979).

Despite these differences, ordination and classification may be

used in conjunction with each other (Boesch 1977, Liverman



32

1981). The distribution of member samples of classification

groups in ordination space can show the homogenity of the groups

in ordination space or alternatively sample overlap. Ordination

can also reallocate samples to new groups to sharpen such groups

(Boesch 1977).

An agglomerative hierarchical clustering technique using a

Bray-Curtis dissimilarity measure and a flexible fusion strategy

with a= -0.25 was used to classify samples in each of the eight

study sites (Boesch 1977). The Bray-Curtis index is:

Djk =

IX
ij

- X
ik

I

i=1

n
E ( X..

13
+ X

ik)

Where:

Djk = dissimilarity between samples j and k.

Xij = the cover of species i in sample j.

n = total number of species.

The flexible strategy is based on the equation:

Dhk = a iDhi jDhj Dij 1phi Djhl-

where the parameters i j (3, and y determine the nature of

the strategy to fuse two groups i and j to form group k, then fuse

group K to group h, and so on until all groups encountered are

fused at some resemblance (dissimilarity) level. By varying a
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(the cluster intensity coefficient) one can purposefully cause

space distortion, as f3 decreases from 0 the strategy is space

dilating. At the -0.25 level of f3, flexible clustering is an

intensely clustering, moderately space-dilating strategy.

Three ordination techniques were compared: polar ordination

and reciprocal averaging provided by the ORDIFLEX program (Gauch

1977) and detrended correspondence analysis furnished by the

DECORANA program (Hill 1979). These programs were available from

the Cornell [University] Ecology Program. Reciprocal averaging

was chosen because it led to a reasonably intuitive interpretation

of plant communities and species along a single strong

environmental gradient. Ordination and points were selected by

the computer program.

Following identification and ordination of plant communities,

diversity within and between plant communities at each site was

calculated using the AIDN program (Overton 1974). This program

calcuates within community diversity as expressed by Shannon's

index, and the MacArthur diversity measure is computed and used to

compare between community dissimilarity.

The Shannon index is: H' = Pilog e (Pi), where Pi is the

proportion of the community belonging to the ith species.

Therefore, H' measures the number of equally common species which

would produce the same heterogenity. Using this index, the

greater the value the more 'even' the community and thus greater

diversity.



34

The MacArthur difference measure is:

Difmn = e(HTmn - ffmn), where

HTmn = the total information measure of communities m

and n

Hmn = mean information measure of communities m and n in

which Pi is the unweighted average (Pi (m) + Pi

(n)/2) of the proportion in the two communities.

Using this measure, if two communities show no difference they

will have a minimum value of 1, and if they have no species in

common a maximum value of 2 will be the measure of difference.

Net Aerial Primary Productivity

Net aerial primary productivity (NAPP) data were collected at

four of the eight study sites. Productivity sites were: Daley

Lake, Fern Ridge, Davis Lake and Lookout Creek. Only the wetland

communities at each site were sampled since the uplands were

dominated by trees and shrubs. Different harvest methods than

those used for herb dominated wetlands would then be required to

obtain upland NAPP.
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Productivity Transects and Plots

To avoid sample disturbance, productivity plots required

additional transects along the wetland-upland gradient. These

were placed parallel to, and 20 m apart from vegetation

transects. Productivity transects are designated by a 'P' and are

registered with the nearest vegetation transects in Figures 13,

42, 49 and 60. This placement ensured that productivity

macroplots were sufficiently separated from the vegetation

transects so that the vegetation permanent plots were not

trampled, but that the productivity transects were close enough so

that NAPP and biomass data could be analyzed with regards to

environmental and plant community data collected along the

vegetation transects. PVC pipes were driven at systematic

intervals along productivity transects to serve as recovery points

for sampling macroplots. The number of wetland productivity

macroplots along each transect depended on wetland width. The

productivity macroplots, 1 X 12 m in size were centered on the PVC

pipes such that the long axis was perpendicular to the elevational

gradient. Productivity transect lengths, number of macroplots,

and distance between macroplots are shown in Table 4.

Fi el d Sampling

Above ground living and dead vascular plant material was

harvested at five week intervals from April to October/November,

1980 (Table 5), from 0.09 m2 microplots within the 1 X 12 m
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Table 4. Length, number of macroplots, and distance between macroplots for

productivity plots at flour study sites.

Study site Transect

Length Number of

(m) macmplats

Distance

between

Total macroplots

macrcplots (m)

Daley Lake A 20 3 10

B 20 3 9 10

C 40 3 20

Fern Ridge A 35 3 6 10-15

B 35 3 10-15

Davis Lake A 150 6 13 30

B 180 7 30

Lookout Creek A 140 8 12 20

B 60 4 20

Total 9 40

Table 5. Productivity harvest dates, 1980.

Harvest Daley Fern Davis Lookout

Session Lake Ridge Lake Creek

1 April 3 April 10 April 16 April 17

2 May 9 May 12 May 15 May 17

3 June 11 June 14 June 27 June 25

4 July 16 July 10 July 28 July 30

5 Aug. 19 Aug. 13 Aug. 26 Sept. 3

6 Sept. 24 Sept. 17 Sept. 30 Oct. 7

7 Nov . 6 Oct. 15 NOv. 4
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macroplots. Microplots were first placed to one side of the PVC

location stakes and at each successive sampling period samples

were harvested on alternate sides of the stake as shown by number

in Figure 10. Harvested samples were put into plastic bags,

labelled, sealed, and refrigerated to minimized fermantation loss

(Milner and Hughes 1968).

Laboratory Procedures

The harvested samples were sorted into green and dead (litter

+ attached dead) by species, with a separate litter component of

unidentifiable dead material. Total sample and each fraction were

weighed green to the nearest 0.1 g. Subsamples of about 20

percent of each fraction were weighed green and oven dried at 60°C

to constant weight (24-48 hours). If the fraction weight was less

than 50 g, subsamples were not taken and the entire sample was

dried. Subsample weights were prorated from the entire sample.
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0.30 x 0.30m (0.09m2)
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Calculation of NAPP

NAPP estimates were computed by two methods: Smalley (1959)

and Eilers (1975, 1979). The Smalley computes NAPP for intervals

between harvests by considering total changes in live dead biomass

with time. The interval NAPP is then summed over the sampling

season (Figure 11). The Smalley method, however, does not account

for species that reach peak growth at different times during the

growing season. Eilers (1975, 1979) modification of the Smalley

method, which accounts for changes in different species living and

dead biomass, was used to obtain a second NAPP estimate (Figure

11).



Figure 11. Smalley and Eilers modification of Smalley method
for calculating NAPP for four Oregon freshwater
wetlands, after Eilers 1979.
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SMALLEY METHOD

(Smalley 1959)

Harvest at intervals through year or growing season

t 0 t
1

t
2

t
3

t 4

Harvest Harvest Harvest Harvest Harvest

1

Sort living
and dead;
dry/weight

Figure 11

Net production for interval

= AL+ AD

.e., t1 - t0)

Rules

if A L positive and A D positive

NP =AL+ AD
if A L positive and A D negative

NP= A L

if A L negative and A D negative

NP = 0

if AL negative and A D positive and

(A L+ AD) > 0

NP = A L + AD

but if (A L+ A D) < 0

NP = 0

Annual NP = Z interval NP
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EILERS MODIFICATION OF SMALLEY

(Liters 1975, 1979a)

Harvest at intervals through year or growing season

Harvest

Sort living
and dead; ,

dry/weight

t
1

Harvest

t2

Harvest Harvest

'4

Harvest

Net production for interval (i.e., t
1

- t0)

species AL + A D

Same ri:les as for Smalley apply

Annual NP = interval NP

Figure 11 cont.
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Elevation

Relative elevation for each of the vegetation permanent plots

for every site, and productivity macroplots, was determined with

transit and stadia (Pugh 1975). For each site, elevations were

referenced to a marked prominent feature within the terrestrial

habitat.

Surface Water Level , Water Table Depth, and Soil Moisture

At each wetland site during the vegetation sample period

surface water level, water table depth, and soil moisture were

recorded. Surface water position with reference to ground surface

was recorded along all transects at each inundated vegetation

permanent plot and productivity macroplot.

Depth to water table with reference to ground surface was

recorded along two-to-three vegetation transects per site using 2

m long, 10 cm diameter capped PVC wells. Numerous 2 cm holes were

drilled at varying intervals along the length of the wells to

facilitate water movement in and out of the tube.

Soil moisture tension was measured along the water table -

vegetation transects at a depth of 5-10 cm using permanently

installed tensiometers (Soilmoisture Equipment Corp., Santa

Barbara, CA, Model 2725 Jet Fill Tensiometer). The principle of a

tensiometer is described in Jenny (1980). A porous ceramic cup is

placed in close contact with the soil and is connected by a sealed

tube to a vacuum guage. The tube is filled with water and the
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water is "sucked" out of the porous ceramic cup into the soil.

The drier the soil , the more water is "sucked" out, and the higher

the moisture tension. The pressure required to extract the water

from the porous cup is measured by the vacuum gauge. A

tensiometer is an excellent instrument to measure moisture

relations in wetlands as soils dry-out during the season.

Number of water table wells and tensiometers used per

vegetation transect are given in Appendix B as well as the

distance along the transect referenced to the upland end stake.

Elevation, Inundation, Plant Community, and Productivity Analysis

The product-moment correlation coefficient was employed to

analyze the covariance of within-community diversity and

productivity to elevation and inundation duration. The formula

for the coefficient is:

r
12

=

YiY2

\/1 Y1
2

Y2
2

X 100 where

rig = the percent correlation of variables Yl and Y2

yiy2 = sum of products of variables Y1 and Y2

y12 = sum of squares of Yl

y22 = sum of squares of Y2

The purpose for the computation is to establish and estimate the

association of the two biological variables with the two abiotic

variables.



RESULTS AND DISCUSSION

Daley Lake

Plant Communities
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Five wetlands and two terrestrial plant communities at Daley

Lake are identified by cluster analysis and displayed by

dendrogram in Figure 12. Table 6 summarizes community

characteristics and plant communities are mapped in Figure 13.

The Daley Lake site includes an emergent wetland, a shrub-scrub

wetland, and a terrestrial shrub-scrub vegetation type. The

emergent and shrub-scrub wetland communities are established in

soil which is saturated throughout the growing season because of

continual input of upstream water from a creek.

Wetland Communities. The Carex obnupta community accounting

for 57 percent of the emergent wetland area is dominated by C.

obnupta but contains occasional Nuphar polysepalum plants (cover 6

percent, frequency 18 percent). Of the seven communities at Daley

Lake, this community is the most homogenous in composition. The

C. obnupta community is established at the lowest Daley Lake

relative elevation between 0.00 and 0.25 m adjacent to a creek but

also at elevations between 0.27 and 0.80 m elsewhere in the

wetland. Robust tussocks of C. obnupta interspersed by furrows

with varying degrees of immersion characterize the physiognomy of

the community. Oenanthe sarmentosa is infrequently established in

shallower intertussock furrows. The portion of the community
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Characteristics of wetland and terrestrial
communities for the Daley Lake study site. Species
indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover

(percent)

Frequency

(percent)

CAREX OBNUPTA

N=26, S=7

Carex obnupta 92 100

Nuphar polysepalum 6 18

SPARGANIUM SIMPLEX

N=6, S=5

Sparganium simplex 67 100

Oenanthe sarmentosa 15 50

Scirpus validus 9 33

POTENTILLA PALUSTRIS

N=17, S=9

Potentilla palustris 68 100

Carex obnupta 8 41

Typha latifolia 6 65

TYPHA LATIFOLIA

N=4, S=4

Typha latifolia 74 100

Oenanthe sarmentosa 13 50

Carex obnupta 12 25
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Table 6. cont.

Communities/Species

Cover Frequency

(percent) (percent)

SALIX HOOKERIANA

N=10, S=8

Sal ix hookeriana 73 100

Carex obnupta 28 90

GAULTHERIA SHALLON-

ROSA NUTKANA

N=10, S=10

Gaultheria shallon 56 100

Rosa nutkana 15 90

Carex obnupta 8 50

Rubus spectabilis 6 50

Maianthemum dilatatum 6 30

ALNUS RUBRA-

RUBUS SPECTABILIS

N=8, S=7

Alnus rubra 40 100

Rubus spectabilis 29 100

Maianthemum dilatatum 23 62

Carex obnupta 6 62
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Figure 13. Vegetation of the Daley Lake study site, with stippled areas denoting the terrestrial
habitat. The vegetation and productivity transect locations are shown, and are
designated by a T" and "P" respectively.
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adjacent to the creek is flooded until July while elsewhere the

community begins to dryout in April. C. obnupta exhibits vigorous

growth early in the year because of the retention of winter green

shoots and displays high mortality rates (c.f., Bernard and Gorham

1978 and discussion in the productivity section).

The Sparganium simplex assemblage, occupying 18 percent of the

emergent wetland, is more heterogenous and is dominated and

characterized by S. simplex, but inclues 0. sarmentosa and Sci rpus

validus as occasional associates (Table 6). This community is

found at relative elevations between 0.38 and 0.56 m in the

southeastern corner of the wetland and is submerged until late

May. S. simplex emerges rapidly in May, flowers in June, and

senesces to below-ground tissue in July. This rapid phenological

progression has been observed for other species of Sparganium (W.

Sanville, pers. comm.).

The central portion of the emergent wetland is occupied by a .

Potentilla palustris community. This community is the most

heterogenous of the emergent wetland communities. While Typha

latifolia and C. obnupta are frequent associates, they display

little total cover (Table 6). The assemblage occurs between 0.40

and 0.64 relative elevation and is also inundated until late

May. P. palustris exhibits a prostrate growth form and has the

ability to root at the nodes. The mat-like growth of this

dominant contributes to the accumulation of organic material and

rapid elevation of the mat above the mineral substrate.
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Typha latifolia dominates a community occupying about 1

percent of the emergent wetland at the southern limit of the site

and includes 0. sarmentosa and C. obnupta as occasional associates

each with low cover. This tall graminoid patch is established

between 0.63 and 0.67 m relative elevation.

Sal ix hookeriana, the only shrub-scrub wetland community, is

the most extensive wetland assemblage at Daley Lake occupying 71

percent of the total wetland area mostly in the east and north.

The understory is patchy but often includes clumps of C.

obnupta. Scattered individuals of T. latifolia, 0. sanmentosa,

and Lysichitum americanum are also found. The community ranges

from 0.00 to 0.65 m relative elevation.

Terrestrial Communities. Two terrestrial communites are

established on the leeward side of a sand dune and both exhibit

greater richness and evenness in species composition than do the

wetland assemblages. The shruby Gaultheria shallon-Rosa nutkana

community inclues C. obnupta, Rubus spectabilis and Maianthemum

dilatatum as important associates with low cover values (Table 6).

The woodland Alnus rubra-Rubus spectabilis community includes

the same understory species as frequent associates as does the

terrestrial shrub community. Both terrestrial assemblages occur

at about 1.03 m elevation and are infrequently flooded at their

lower elevation limits.
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Ordination

Reciprocal averaging (RA) ordination was used to summarize

spatial variation of plant communities as identified by sample

clusters and species patterns and to interpret both sample and

species patterns with respect to environmental data. Sample and

species ordi nations, as di splayed al ong the first ( abci ssa or x)

and third (ordinate or y) axis, are shown in Figures 14 and 15.

Communities, identified by heirarchical clustering, are depicted

in the sample ordination (Figure 14). In both ordinations the

third axi s was chosen i nstead of the second axi s because the

second axis is a quadratic distortion of the first axis. This

effect shows and "arch" in the ordination, which is undesirable

(Hill 1973, Maarel 1980, Gauch 1982). The use of the third axis

eliminates this problem. A strong one-dimensional gradient along

the first axis, which is characteristic of RA, is shown in both

ordi nations. The first axis di splays a soil saturation gradient

from a wetland environment on the left, where the soil remains

saturated throughout the year, to a terrestrial habitat on the

right where the soil may be saturated only during the non-growing

season. Figure 16 shows inundation/soil saturation (seasonal)

pattern for the Daley Lake site in relation to relative elevation

and plant communities.
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The sample ordination depicts the soil saturation gradient

(Figure 14). Those samples which comprise wetland communities are

located on the left periphery of the sample ordination. The

terrestrial communities are nearer the right border. The spread

of sample points for the G. shallon-R. nutkana community along the

first axis suggests that this community is heterogenous in its

species composition and has broad tolerance toward soil saturation

at the dry end of the gradient.

In the species ordination those species found on the

peripheries of the X-axis have contrasting relationships with

regard to soil saturation (Figure 15). Species such as S. simplex

and T. latifolia are found on the left periphery of the ordination

and reflect persistently saturated soil conditions; while

terrestrial species as G. shallon and Rubus parviflorus are on the

right periphery, indicating non-saturated soils. Species found

near the middle of the x-axis have intermediate ecological

tolerances with respect to moisture. Thus, C. obnupta is found in

a central position with regard to intermediate soil moisture

conditions.

Diversity

Figure 17 presents Shannon's index of diversity (Shannon and

Weaver 1949) for within-community or alpha diversity (Whittaker

1967). This index varies from H' = 0.00 (little diversity) to a

maximum diversity when pi = 1/s for all i where: pi = the portion

of the community belonging to the ith species and s = the number
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of species within a community (Pielou 1975). The C. obnupta

community, with strong dominance of C. obnupta has the least

diversity (H' = 0.37), followed by T. latifolia (H' = 0.79) and S.

simplex (H' = 0.98) communities. The two terrestrial communities,

G. shallon-R. nutkana (H' = 1.52) and A. rubra-R. spectabilis (H'

= 1.34) have the highest alpha diversity of the Daley Lake study

site communities. This is due, to a large degree, to more species

being adapted to terrestrial environments than to wetland habitats

with anaerobic soil conditions (Hook and Crawford 1978). Within -

community diversity was correlated with the elevation/inundation

gradient as expressed by relative elevation. Alpha diversity was

positively correlated with elevation at the 79 percent level

(i.e., species diversity increases with elevation) and was

negatively correlated with inundation duration at the 80 percent

level (i.e., species diversity decreases with longer inundation

periods). In this correlation, n = 5, and r2 was 0.62 and 0.64

respectively.

Table 7 shows beta diversity, or the rate of species turnover

from one community to the next along an environmental gradient

(Whittaker 1967) as expressed by the MacArthur difference measure

(MacArthur 1965) for the seven Daley Lake plant communities. The

measure varies from 1.00 for completely similar communities to

2.00 for completely different communities. With the exceptions of

the C. obnupta compared to the S. hookeriana community

(D = 1.34) where C. obnupta is an important understory species

within the community and the A. rubra community compared with the



Table 7. Between-community or beta diversity of the Daley
Lake study site plant communities as shown by the
MacArthur difference measure.
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Tyla Spsi Popa Caob Saho Gash-Ronu Alru/Rusp

Tyla

Spsi 1.73

Popa 1.73 1.61 -

Caob 1.66 1.93 1.95

Saho 1.71 1.69 1.90 1.34

Gash-

Ronu 1.88 1.94 1.98 1.70 1.65

Alru/

Rusp 1.90 2.00 2.00 1.77 1.54 1.64

Acronym Community

Caob: Carex obnupta

Popa: Potentilla palustris

Saho: Salix hookerina

Spsi: Sparganium simplex

Tyla: Typha latifolia

Alru/ Alnus rubra/

Rusp: Rubus spectabillis

Gash- Gaultheria shallon/

Ronu: Rosa nutkana
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S. hookeriana assemblage (D = 1.54), the Daley Lake site has high

beta diversity between plant communities. This suggests that most

Daley Lake communities are relatively distinctive and have few

species in common.

Productivity

NAPP estimates are provided for species and communities within

the Daley Lake wetland, and estimates are correlated to relative

elevation and inundation duration. Methods for sampling stand

biomass and estimating NAPP for the 1980 sampling season have been

previously presented. Macroplot living and dead above ground

biomass for harvest sessions is found in Appendix D.

Macroplot Biomass. Dry weight biomass was recorded in al 1

Daley Lake wetland macroplots at each sample session until the

November, 1980 sampling session. Mean biomass for the 1980

sampling season is shown in Figure 18. A peak living biomass of

1796 g/m2 was recorded in Macroplot 2-30 for the May harvest

session. Dead biomass (attached dead + litter) was found in all

macroplots during the sample period; with a maximum dead biomass

of 2592 g/m2 in Macroplot 2-40 in June. The mean annual living

and dead biomass for all Daley Lake macroplots from April to

November, 1980 was 575 and 958 g/m2 respectively.

Seventy-eight percent of the macroplots had a single peak of

living biomass, and 22 percent had dual peaks. While no clear

relationship between species, macroplot elevation, and single

peaks were found, dual peaks were associated with macroplots in
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which Carex obnupta dominated. The life history of this species

may account for dual peaks. The early peak is attributed to the

winter green shoots of C. obnupta which begin rapid growth as

conditions became favorable early in the growing season. The

second peak is associated with the mortality of the early growth

and the late-season maturing of individuals of C. obnupta and

other associated species which showed no winter green shoots.

Total living biomass curve for the 1980 season reflects the

preponderance of single peaks and masks dual living biomass

peaks. However, total mean dead biomass for the 1980 growing

season shows a dual peak (Figure 18). The mean dead biomass peak

in May is associated with the high mortality of winter green C.

obnupta, while the August peak is caused by die-back of Typha

latifolia and Potentilla palustris. Minimum mean living biomass

during the sampling period was in November. The peak occured in

. August. The August peak, however, was only 1.08 and 1.09 times

greater than the June and July means respectively. This was due

to C. obnupta peaking in May, June and August, P. palustris in

June, T. latifolia in July, and Scirpus. validus in August.

Relatively high standard errors for living and dead biomass means

reflect the heterogenity of vegetation along the transects.

Net Productivity of Stand and Species. Net aerial primary

productivity (NAPP) estimates for both the Smalley (1959) method

and the modified Smalley method applied to component species

(Eilers 1975, 1979) for the 1980 growing season are listed in

Table 24. Eilers' component species approach provided an estimate

of NAPP 1.32 time greater than provided by the Smalley (1959)
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method and was considered to be a better estimate of NAPP than

Smalley's because it accounts for sepcies reaching peak standing

biomass at different times. NAPP estimates for the growing

season, using the component species range from 2093 g/m2/yr

(macroplot 3-15) to 4182 g/m2/yr in macroplot 2-30. The mean

wetland NAPP was 2871 g/m2/yr.

Species NAPP estimates are presented for the most productive

species (Table 9). Carex obnupta is by far the most productive

species with a mean productivity of 2803 g/m2/yr. Other species

with significant productivity are T. latifolia, P. palustris and

S. validus.

Elevation, Environment, Productivity, and Vegetation.

Macroplot elevations, referenced to the vegetation transect

elevational landmark in the adjacent upland, ranged from 0.36 to

0.64 m relative elevation (Table 8). Although the wetland

substrate was saturated throughout the growing season, macroplots

varied spatially and temporally in relation to inundation.

Productivity within the Daley Lake wetland is positively

correlated to inundation duration (+63 percent) and negatively

correlated to elevation (-70 percent), where n = 5 and r2 = 0.40

and 0.49 respectively. Macroplots found at elevations below 0.56

m were inundated until June or July, and within this elevational

range mean NAPP was estimated at 2975 g/m 2 /yr. This area of the

wetland is dominated by C. obnupta. In the higher elevation areas

of the wetland, between 0.56 and 0.64 m where flooding only

occurred at the beginning of the growing season mean NAPP was 2760

g/m2/yr. The extremely high NAPP of the Daley Lake wetland may be
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Annual NAPP estimates (g/m2/yr) for Dal ey Lake
wetl and based on two methods of canputati on :
Smal 1 ey (1959) method; and sum of i ndi vi dual species
productivity based on Eil ers ( 1979).

Plot
Number Smalley

Component Relative
Species Elevation (m)

1-20 1701 2871 0.65

1-30 1320 2741 0.59

1-40 1753 2537 0.56

2-20 2070 2890 0.63

2-30 2825 4182 0.47

2-40 2842 2842 0.52

3-15 1893 2093 0.49

3-35 2437 3044 0.48

3-55 2712 2712 0.36

mean

S.E.

2172 2871

184 187

Table 9. Annual NAPP (g/m2/yr) of prominent species within
the Dal ey Lake wetl and.

Species mean S.E. Min. Max .

Carex obnupta 2803 345 1986 3711

Typha lati fol i a 1309 205 437 1734

Potentil la pal ustri s 824 139 598 1077

Sci rpus val idus 703 160 404 952

Spa rga ni um simpl ex 378 160 65 920

Oenanthe sarmentosa 184 76 108 259
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accounted for, in part, by (1) its geographic location dominated

by a maritime climate with a small annual variation in

temperature, mild winters, and a growing season of 245 days; (2) a

continual inflow of water from November to wel 1 into the growi ng

season which may provide a continual source of nutrients; and (3)

retention of soil moisture and nutrients throughout the remainder

of the growing season due, in part, to the organic substrate high

cation exchange capacity.

Summary

The five wetland and two terrestrial communities identified at

the Daley Lake study site are arrayed along an

elevation/inundation gradient. All communities are strongly

dominated by a single species, with few subdominants, and most

communities exhibit little similarity with one another. Within-

community diversity within the Daley Lake site is positively

correlated with elevation, from the essentially monospecific Carex

obnupta community at the lowest relative elevation within the

emergent wetland, to the more diverse terrestrial plant

communities at higher elevations. Likewise, within-community

diversity is negatively correlated with inundation duration.

NAPP, on the other hand, exhibits a negative correlation with

elevation and a positive correlation with inundation duration.



66

The high NAPPP (2871 g/m2yr) of the Daley Lake wetland may

reflect, in part, the moderate coastal climate with extended

growing season and little summer moisture stress, and the

continual inputs of water and associated nutrients throughout the

year.
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Plant Communities
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One terrestrial and five emergent wetland plant communities at

Bayocean are identified using hierarchical clustering analysis and

are shown by dendrogram in Figure 19. Table 10 presents the

community characteristics and Figure 20 shows the distribution of

communities. While all the emergent wetland communities are

inundated from December through March, only the portion of the

wetland below 0.28 m relative elevation remains flooded until

July. Along the topographic-inundation gradient, from the lower

limit of wetland into the adjacent terrestrial community, a

pattern of vegetation zonation is exhibited with some species

overlap.

Wetland communities. The Eleocharis palustris community

occupies the lowest portion of the wetland. Although it ranges in

relative elevation from 0.00 to 0.40 m, maximum development occurs

below 0.30 m. Therefore, much of the community is inundated

through June. At the lower edge of the community E. palustris is

extending vegetatively into Bayocean Lake by rhizomes. At the

higher margins of the community Scirpus americanus becomes a

subdominant.
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Characteristics of wetland and terrestrial
communities for the Bayocean study site. Species
indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover Frequency

(percent) (percent)

ELEOCHARIS PALUSTRIS

N=13, S=3

Eleocharis palustris 64 100

Scirpus americanus 30 54

LILAEOPSIS OCCIDENTAL'S-

ELEOCHARIS PALUSTRIS

N=21, S=15

Lilaeopsis occidentalis 33 100

Eleocharis palustris 21 100

Scirpus americanus 11 87

Potentilla pacifica 9 57

Carex obnupta 8 52

Agrostis alba 5 33

CAREX OBNUPTA-

JUNCUS FALCATUS-

POTENTILLA PACIFICA

N=24, S=18

Carex obnupta 19 92

Juncus falcatus 18 67

Potentilla pacifica 16 96

Juncus lesueurii 8 79

Trifolium wormskjoldii 6 29

Lilaeopsis occidentalis 5 25
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Table 10. cont.

Communities/Species

Cover Frequency

(percent) (percent)

LOTUS CORNICULATUS-

POTENTILLA PACIFICA-

TRIFOLIUM WORMSKJOLDII

N=26, S=21

*Lotus corniculatus 26 81

Potentilla pacifica 19 96

Trifolium wormskjoldii 18 92

Carex obnupta 9 73

Juncus falcatus 8 39

LEONTODON NUDICAULIS-

TRIFOLIUM WORMSKJOLDII

N=14, S=17

*Leontodon nudicaulis 24 86

Trifolium wormskjoldii 16 57

Juncus lesueurii 12 64

*Trifolium repens 12 43

Juncus falcatus 9 50

*Aira praecox 7 29

Carex obnupta 7 21

AMMOPHILA ARENARIA

N=22, S=14

*Ammophila arenaria 31 90

*Lathyrus japonicus 16 52

*Aira praecox 15 62

*Senecio jacobaea 10 50

*Hypochaeris radicata 8 48

* Introduced species.
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Lilaeopsis occidentialis-Eleocharis palustris assemblage is

dominant in areas adjacent to the E. palustris community between

0.22 and 0.51 m relative elevation, but maximum development occurs

between 0.30 and 0.40 m. Within this community there is a

gradation of subdominants related to soil moisture and inundation

period with S. americanus at lower elevations and Potentilla

pacifica and Carex obnupta at higher elevations.

Carex obnupta-Juncus falcatus-Potentilla pacifica community,

the most extensive wetland community at Bayocean, reaches maximum

development between the relative elevations of 0.44 and 0.68 m.

Species of secondary importance within this assemblage are Juncus

lesueurii, Trifolium wormskjoldii, Alnus rubra, and Lilaeopsis

occidentalis.

Lotus corniculatus-Potentilla pacifica-Trifolium wormskjoldii

community is best developed on the northeastern shore of Bayocean

Lake between the relative elevations of 0.63 and 0.81 m. Although

this assemblage and the Carex-Juncus-Potentilla community have

many species in common, the former assemblage lacks such

introduced terrestrial species as Ammophila arenaria, Senecio

jacobaea, and Lathyrus japonicus. These species are found in the

upper portion of the community which borders the terrestrial

habitat.
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Leontodon nudicaulis-Trifolium wormskjoldii wetland community

is the furthest removed from Bayocean Lake, and is located in the

deflaton edge of the lake. The total relative elevational range

of this assemblage is between 0.61 and 1.04 m, with an elevational

mean of 0.85 m. Other species occurring within this community are

J. lesueurii, J. falcutus, C. obnupta at lower elevations, and

Aira praecox and Trifolium repens in higher areas, both of the

latter are introduced alien species.

Terrestrial communities. The Ammophila arenaria community,

the only terrestrial assemblage within the study site, is found on

sand dunes at 1.0 m relative elevation and above. This community

is never inundated during the growing season. Subdominants

include L. japonicus, A. praecox, S. jacobaea, and Hypochaeris

radicata.

Ordination

Sample and species reciprocal averaging ordinations are shown

in Figures 21 and 22 which depict sample and species patterns

respectively in relation to a topographic-moisture gradient. This

gradient is found along the first or x-axis, from wetland

conditions on the left to a terrestrial environment on the

right. Figure 30 shows inundation/saturation conditions in

relation to relative elevation and plant communities during the

1980 sampling season.
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The sample ordination (Figure 29) depicts the elevation-

moisture gradient with the lowest and longest inundated wetland

communities on the left and the terrestrial Ammophila arenaria

assemblage on the right border. The terrestrial and delfation

plain Leontodon nudicaulis-Trifolium wormskjodlii communities have

a broad response to soil saturation conditions as compared to the

four wetland communities.

Species growing lowest in the wetland and inundated the

longest (i.e., Scirpus americanus, Eleocharis palustris, and

Lilaeopsis occidentalis) are located on the left periphery of the

species ordination (Figure 28). Carex obnupta, Potentilla

pacifica, Lotus corniculatus, and other species, established at

higher elevations in the wetland, are in the center of the

ordination, but are still fairly close to the left border. Many

of the species comprising the deflation plain community such as

Leontodon nudicaulis, Spi ranthes romanzoffiana, and Parentucellia

viscosa, are separated from other wetland species in the upper

portion of the diagram. This may be because these species are

rarely inundated, although the soil remains saturated throughout

most of the growing season. Terrestrial species are well-removed

from the wetland species and are congregated on the right border

of the x-axis. Those terrestrial species nearer the center of the

ordination occasionally occur within the deflation plain

community, as well as in the upper limits of the L. corniculatus-

P. pacifica-T. wormskjoldii community.
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Diversity

Figure 24 shows alpha or within-community diversity for the

Bayocean communities using Shannon's index (Shannon and Weaver

1949). The E. palustris community, with the fewest species,

strongly dominated by E. palustris and found lowest within the

wetland, has by far the lowest alpha diversity (H' = 0.57).

Highest alpha diversity is found within the C. obnupta-J.

falcatus-P. pacifica community (H' = 2.22), closely followed by

the L. corniculatus-P. pacifica-T. wormskjoldii (H' = 2.19) and L.

nudicaulis-T. wormskjoldii (H' = 2.13) communities.

Within-community diversity within the wetland correlates with

the elevation/inundation gradient. Community diversity is

positively correlated with elevation (63 percent) and negatively

correlated to inundation duration (-65 percent), where n = 5 and

r2 = 0.40 and 0.42 respectively.

The terrestrial A. arenaria community (H' = 1.96) is not as

diverse as the wetland assemblages which are inundated in the

early part of the growing season and are generally characterized

by saturated soil conditions for most of the growing season. The

sandy substrate and its associated fast percolation, shifting sand

and the planting of A. arenaria, and early successional stage of

this sand dune community, may account for the lower diversity

within this terrestrial community in relation to the upper wetland

assemblages.
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Table 11 presents beta diversity between Bayocean communities

with a trend of beta diversity along the Bayocean elevation-

inundation/soil saturation gradient. As expected, communities

adjacent to one another are more similar than communities removed

from each other by distance and/or elevation as can be seen by

lower values along the diagonal of the matrix. Lower beta

diversities between adjacent communities reflect species overlap

and sharing of co-dominant species in many cases. The E.

palustris community has a low beta diversity with respect to the

adjoining L. occidentalis-E. palustris assemblage (D = 1.34) and

has the highest between-community diversity among combinations

with the L. nudicaulis T. wormskjoldii community (D = 1.97) which

is the most removed community along the environmental gradient.

While beta diversity was not determined between terrestrial and

wetland communities floristic data suggest that the terrestrial A.

arenaria community would have a lower beta diversity when compared

with higher elevation wetland communities than with lower

elevation communities.
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Between-community or beta diversity of the Bayocean
study site wetland plant communities as shown by the
MacArthur difference measure.

Caob-Jufa- Loco-Popa-

Elpa Lioc-Elpa Popa Trwo Lenu-Trwo

Elpa

Lioc-

Elpa 1.34

Caob-

Jufa-

Popa 1.84 1.39

Loco-

Popa-

Trwo 1.84 1.51 1.29

Lenu-

Trwo 1.97 1.67 1.40 1.46

Acronymn Community

Elpa Eleocharis palustris

Lioc- Lilaeopsis occidentalis-

Elpa Eleocharis palustris

Caob- Carex obnupta-

Jufa- Juncus falcatus

Popa Potentilla pacifica

Loco- Lotus corniculatus-

Popa- Potentilla pacifica-

Trwo Trifolium wormskjoldii

Lenu- Leontodon nudicaulis-

Trwo Trifolium wormskjol di i
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Summary

The five Bayocean wetland plant assemblages exhibit a zonal

pattern in floristic composition and diversity along the

elevation/inundation gradient. This gradient was directly

measured in the field and is also inferred from a reciprocal

averaging ordination. In general, within-community diversity in

the wetland is positively correlated with elevation and negatively

correlated with inundation duration; however, species diversity

reaches its peak within the mid-marsh C. obnupta-J. falcatus-P.

pacifica community where there is a relative moderate inundation

period. As expected adjacent communities are more similar to one

another in their species composition to one another than to

communities which are separated along the environmental gradient.
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Two wetland and one terrestrial plant communities were

identified by cluster analysis within the Rockaway study site

(Figure 25). Community characteristics are presented in Table 12

and a vegetation map as formulated from intensive field analysis

is shown in Figure 26. Although trees dominate the Rockaway study

site (Picea sitchensis and Alnus rubra in the wetland and Tsuga

heterophylla and Thuja plicata in the terrestrial habitats), the

three communities are differentiated by understory composition.

Wetland Communities. The Lysichitum americanum community is

the most extensive assemblage through the study site. Topographic

variation within the community is slight with a gradual gradient

westward and scattered small depressions caused by uprooted

trees. While the community is rarely, if at all, inundated by

Heitmiller Creek, a perched water table is found at or near the

soil surface through mid-July. Moss species form a thick ground

cover throughout and subdominant shrub species include Rubus

spectabilis and Sambucus racemosa.
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Characteristics of wetland and terrestrial
communities for the Rockaway study site. Species
indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover Frequency

(percent) (percent)

LYSICHITUM AMERICANUM

N=36, S=17

Lysichitum americanum 27 100

moss spp. 25 97

Rubus spectabilis 17 78

Sambucus racemosa 15 69

RUBUS SPECTABILIS

N=6, S=10

Rubus spectabilis 38 100

Dryopteris austriaca 18 50

moss spp. 12 67

Sambucus racemosa 10 33

GAULTHERIA SHALLON

N=9, S=9

Gaultheria shallon 23 44

moss spp. '42 89

Belchnum spicant 20 56
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Rubus spectabilis community is found on sloping ground usually

between the L. americanum assemblage and adjacent terrestrial

community. While L. americanum is absent, the terrestrial species

Gaultheria shallon is found to some extent in the community. As

in the L. americanum community, moss provides a dense ground

cover.

Terrestrial Community. The Gaultheria shallon community is

found at higher elevations and on steeper well-drained ground.

However, in some places within the assemblage there is much moss

and the upper soil layer remains saturated until July. In some

places wetland plants are established, including Chrysosplenium

glechomaefolium and Cardamine angulata. These species are

regarded as "wet forest" species. Blechnum spicant is subdominant

within the G. shallon community.

Ordination

Both sample and species ordinations using reciprocal averaging

along axis 1 (x-axis) and 3 (y-axis) can be used to infer an

environmental gradient (Figure 27 and Figure 28). Communities

identified by hierarchical clustering are portrayed in the sample

ordination. A topographic-moisture gradient is interpreted in the

two ordinations, wetland on the right of the x-axis, terrestrial

environment on the left.
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While most wetland samples are clustered in the L. americanum

community, suggesting a general requirement for moist

environmental conditions, the R. spectabilis community samples are

narrowly distributed with regard to the moisture gradient.

The G. shallon community appears to have a broad tolerance to

moisture conditions although it is only represented by 4

samples. The G. shallon assemblage is located on hillslopes

adjacent to the wetland and the samples are at diminishing

elevations from left to right along the x-axis.

In the species ordination, wetland species are closely

clustered on the right and G. shallon, typifying the terrestrial

community, is on the extreme left. Blechnum spicant, Dryopteris

austriaca, and Polystichum munitum with intermediate tolerance to

soil moisture are located in the middle of the x-axis.

Diversity

Figure 29 gives the within-community or alpha diversity of the

Rockaway study site communities using the Shannon diversity

index. All communities have a fairly high within-community

diversity primarily because no one species dominates in any of the

communities. The L. americanum community is the most diverse

(H' = 1.67). The G. shallon assemblage has a somewhat lower

diversity (H' = 1.49) and the R. spectabilis community has the

lowest alpha diversity (H' = 1.35) because R. spectabilis tends to

have strong dominance.
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Table 13 shows the beta or between-community diversity

expressed by the MacArthur difference measure. This measure shows

that the terrestrial G. shallon community is somewhat similar to

the wetland assemblages. This is probably because of the

abundance of moss (treated as a single species) in all three

communities, significant presence of R. spectabilis in all

communities, and joint presence of forbs such as C.

glechomaefolium and C. angulata.

Summary

Within the Rockaway forested study site one terrestrial and

two wetland plant communities were identified by the understory

vegetation. An elevation/soil saturation gradient was inferred in

the sample ordination, within-community diversity was moderately

high in all three assemblages with the R. spectabilis wetland

community, which is strongly dominated by R. spectabilis, having

the lowest species diversity. All three Rockaway asseblages show

strong floristic similarity.
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Table 13. Between-community or beta diversity of the Rockaway
study site plant communities as shown by the
MacArthur difference measure.

Lyam Rusp Gash

Lyam

Rusp 1.43

Gash 1.36 1.43

Acronym Community

Lyam Lysichitum americanum

Rusp Rubus spectabilis

Gash Gaultheria shallon
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Frazi er- Jackson

Plant Communities

Five wetland plant communities at Frazier-Jackson identified

by hierarchical clustering are shown by dendrogram in Figure 30.

Table 14 provides community attributes and Figure 31 shows the

distribution of the communities within the study site. While

inundation duration varies between the communities, the soil

remains saturated throughout the study site until the end of

July. Soils dry out rapidly between early and mid-August and

remain dry until the onset of rain in the fall. The relative

elevation range of the wetland is 0.47 m, the lowest elevation is

in the drainage ditch which runs through the middle of the wetland

and the highest point is for the sample most distant from the

ditch.

Eleocharis palustris-Mentha arvensis community is-found

between 0.00 and 0.28 m relative elevation with a mean of 0.14

m. A drainage ditch runs through this community. Aerial

photographs indicate that the ditch was excavated prior to 1936.

The low elevational position as well as the presence of the

drainage ditch provide inundation periods which are of longer

duration during the growing season than in the other

communities. Late summer rain storms cause water surges in the

drainage ditch and flood this community; however, soils dry out
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Table 14. Characteristics of wetland communities for the
Frazier-Jackson study site. Species indicated with
at least 5 percent cover; N = number of microplots,
S = number of species.

Communities/Species

Cover Frequency

(percent) (percent)

TYPHA LATIFOLIA

N=2, S=1

Typha latifolia 100 100

CAREX OBNUPTA

N=1, S=1

Carex obnupta 100 100

ROSA NUTKANA

N=3, S=2

Rosa nutkana 67 100

*Agrostis alba 33 67

ELEOCHARIS PALUSTRIS-

MENTHA ARVENSIS

N=18, S=7

Eleocharis palustris 3

* Introduced species.
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quickly after these temporary floods. Subdominant species in this

community are Agrostis alba and Glyceria borealis. Beckmannia

syzigachne was mostly abundant in the early part of the growing

season with Polygonum hydropiperoides being a subdominant in July.

Carex densa-Eleocharis palustris assemblage is found adjacent

to, but at a higher elevation (mean elevation being 0.34 m) than,

the E. palustris-M. arvensis community. Being removed from the

drainage ditch and at a higher elevation, this community does not

have as long as inundation period as does the E. palustris-M.

arvensis assemblage. Although the C. densa-E. palustris and E.

palustris-M. arvensis communities share a number of species, the

C. densa-E. palustris assemblage is more diverse. Subdominant

species are A. alba, M. arvensis, and Veronica americana. Species

exclusive to this community include Rumex salicfolius, Ranunculus

alismaefoilus, Carex stipata, C. densa, and Hordeum

brachyantherum.

Rosa nutkana community surrounds the study site. The mean

elevation of this assemblage is 0.39 m, the highest elevational

position in the Frazier-Jackson study site. This community is

only inundated from November through April, although the soil

remains saturated until late July. A. alba is the primary

understory species.

Typha latifolia and Carex obnupta communities occur as dense,

but small stands throughout the study site. These stands are

regarded as distinct plant communities. Such stands may be due to

chance establishment of seedlings into a essentially unvegetated

area. Once established, the competitive ability of surrounding

plants and vegetative spread of the initially established plants
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is such that they are able to maintain, but probably not expand

their position (Grime 1979). The C. obnupta stand is strongly

monospecific. In the T. latifolia community, also highly

monspecific, T. latifolia begins to die back in late June and M.

arvensis becomes an associated species.

Ordinations

Reciprocal averaging ordinations display community and species

distributions in relation to an inferred inundation-elevation

gradient (Figures 32 and 33). The gradient extends along the x-

axis from longer periods of inundation of the left to shorter

periods on the right periphery. Figure 34 shows the inundation

and soil saturation period of the Frazier-Jackson site for 1980 in

relation to relative elevation and plant community distributions.

The sample ordination depcits the inundation-elevation

gradient in which samples comprising the E. palustris-M. arvensis

community, which have a longer period of inundation and are

located on the left of the x-axis. The C. densa-E. palustris

assemblage, with a shorter period of inundation, is located to the

right along the x-axis. Three communities - T. latifolia, C.

obnupta, and R. nutkana - are not represented in the sample

ordination. They have been excluded because these communities

have extremely low similarity to each other and to all other

samples within the Fraizer-Jackson wetland. Including samples of

these communities produces an unsatisfactory ordination with no

environmental interpretation along either axis (Gauch 1982).
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In the species ordination Polygonum hydropiperoides and

Glyceria borealis, which are found in places of long inundation,

are located on the left of the x-axis. Beckmannia syzigachne,

Carex stipata, and Hordeum brachyantherum, species found in less

inundated areas during the growing season, are located on the far

right of the x-axis.

Diversity

Figure 35 presents Shannon's index of diversity for alpha or

within-community diversity. The T. latifolia and C. obnupta

monotypic communities, of course, have the least diversity (H' =

0.00). The C. densa-E. palustris assemblage found in the mid-high

elevation range within the wetland and experiencing an

intermediate inundation period, is the most diverse community at

the Frazier-Jackson site (H' = 1.77). The E. palustris-M. arvense

assemblage is slightly less diverse with H' = 1.50. The alpha

diversity of the R. nutkana community is only H' = 0.59 because of

the dominance of the shrub, R. nutkana. Within-community

diversity is positively, but weakly, correlated with elevation (18

percent) and negatively correlated with inundation duration (-29

percent) where n = 4 and r2 = 0.03 and 0.08 respectively.
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Table 15 shows beta diversity, or the rate of species

composition change between the wetland communities along the

inundation-elevation gradient, and is expressed by the MacArthur

difference measure. With the exception of the C. densa-E.

palustris and E. palustris-M. arvensis communities (D = 1.30)

which share many species, the Frazier-Jackson wetland communities

are mutually distinctive. This is expected, in part, because of

the strong dominance exhibited respectively in the T. latifolia,

C. obnupta, and R. nutkana communities.

Summary

One shrub and four emergent communities comprise the Frazier-

Jackson study site. The C. obnupta and T. latifolia communities

essentially form dense monospecific stands which are distinct and

scattered throughout the site. These communities and the R.

nutkana assemblage, had few species in common with one another and

other wetland communities. These communities were also considered

as "outliers" and only E. palustris-M. arvensis and C. densa-E.

palustris community samples were used in the reciprocal averaging

sample ordination. An elevation/inundation duration gradient was

inferred along the x-axis of this ordination. Species diversity

showed a weak correlation with increasing elevation and decreasing

inundation duration.
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Table 15. Between-community or beta diversity of the Frazier-
Jackson study site plant communities as shown by the
MacArthur difference measure.

Elpha-Mear Cade-Elpa Caob Tyla Ronu

Elpa-

Mear

Cade-

Elpa 1.30

Caob 2.00 2.00

Tyla 2.00 2.00

Ronu 1.71 1.70

2.00

2.00 2.00

Acronym Community

Elpa- Eleocharis palustris-

Mear Mentha arvensis

Caob Carex obnupta

Tyla Typha latifolia

Cade- Carex densa-

Elpa. Eleocharis pal ustri s

Ronu Rosa nutkana
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Gray Creek

Plant Communities

Six wetland and three terrestrial communities are identified

at the Gray Creek site and are shown by a dendrogram in Figure

36. Community attributes are displayed in Table 16 and the

distribution of the communities along a 220 m segement of Gray

Creek is exhibited in Figure 37. The arrangement of the wetland

communities is related in part to microtopographic features,

differential ponding, variation in hydrologic velocity and volume,

disturbance, and chance establishment. Because of this complexity

the wetland assemblages, in many cases, are interdispersed. Only

well developed wetland communities are mapped. Adjoining heavily

distrubed terrestrial habitats provide ruderal species.

The total creek gradient within the study site is 1 m and is

related to an old earthen dam between transects 2 and 3 (Figure

37). This dam had been partially removed some years before the

study.

Wetland Communities. Glyceria grandis communty is best

developed on the eastern edge and furthest downstream within the

study site. Within this section of the wetland, the elevational

range of the community is between 0.00 (creek channel) and 0.87 m

and is inundated from December through May. After May, water

recedes along the elevation gradient until July when it becomes

confined to the creek channel. Between July and October the water

table is within 5 cm of the soil surface. Oenanthe sarmentosa is



108

Figure 36. Dendrogram of the Gray Creek plant communities
using the Bray-Curtis dissimilarity measure and
a flexible f3 -0.25 fusion strategy.
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Table 16. Characteristics of wetland and terrestrial
communities for the Gray Creek study site. Species
indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover

(percent)

Frequency

(percent)

GLYCERIA GRANDIS

N=19, S=17

Glyceria grandis 58 95

Oenanthe sarmentosa 20 32

Scirpus microcarpus 5 21

Veronica americana 5 47

JUNCUS EFFUSUS

N=20, S=12

Juncus effusus 79 100

Sparganium simplex 5 35

VERONICA AMERICANA

N=3, S=1

Veronica americana 100 100

SCIRPUS MICROCARPUS

N=11, S=17

Scirpus microcarpus 62 100

Veronica americana 7 75

JUNCUS EFFUSUS-

EOUISETUM SPP.

N=9, S=18

Juncus effusus 23 86

Equisetum spp. 20 43

*Holcus lanatus 11 17

*Rubus discolor 10 43

*Denotes alien species
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Table 16. cont.

Communities/Species

Cover Frequency

(percent) (percent)

CIRSIUM ARVENSE-

SCIRPUS MICROCARPUS-

VERONICA AMERICANA

N=11, S=19

Cirsium arvense 19 100

Scirpus microcarpus 16 60

Veronica americana 16 50

Mentha arvensis 10 60

Juncus effusus 8 70

Stellaria calycantha 6 60

POA PRATENSIS

N=7, S=9

*Poa pratensis 28 100

*Holcus lanatus 17 60

*Chrysanthemum leucanthemum 17 40

RUBUS DISCOLOR

N=11, S=Il

*Rubus discolor 37 91

Poa pratensis 29 36

Anaphalis margaritacea 20 18

RUBUS DISCOLOR-

SYMPHORICARPOS ALBUS

N=6, S=4

Rubus discolor 33 100

Symphoricarpos albus 19 100

Glyceria grandis 19 33



ACRONYM COMMUNITY
Ciar Cirsium arvense
Glgr Glyceria grandis
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T Vegetation Transects

Figure 37. Vegetation of the Gray Creek study site, with stippled areas denoting the terrestrial
habitat. The vegetation transect locations are shown, and are designated by a "T",
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found in small rivulets that course through the G. grandis

community. Other prominent associated species are Scirpus

microcarpus and Veronica americana. Young Fraxinus latifolia are

scattered throughout this assemblage.

Juncus effusus community reaches maximum development in the

central portion of the study site along banks of the main channel

and side channels of Gray Creek. This community, like the G.

grandis assemblage, is inundated until June with portions of the

community being flooded until July. Soils remain saturated for

the remainder of the growing season. Due to the robust growth of

J. effusus few species are found within the community; however,

Sparganium simplex grows within the wider inundated furrows

between Juncus tussocks.

Veronica americana community is scattered throughout the

wetland and is associated with the edge of the deeper creek

channels. This community is represented by only few channels and

therefore is not mapped in Figure 37.

Scirpus microcarpus community is found in depressions and on

moist gently sloping terrain adjacent to Gray Creek and is

interdispersed with the other wetland communities throughout most

of the wetland complex. The community is inundated from December

to mid-May after which the soils remain saturated for the

remainder of the year. V. americana is a prominent associated

species.



114

Juncus effusus-Equisetum spp. community has its maximum

development in the western section of the study site. Within this

area, Gray Creek has a relatively narrow flood plain. In the

lower sections of the community along the creek bank wetland, S.

microcarpus and Carex stipata are common. In higher less flooded

sections where soils dry out sooner than in the lower portions,

terrestrial species such as Holcus lanatus and Rubus discolor

become subdominants.

Cirsium arvensis community has also developed on the western

edge of the study site. The substrate underlying this assemblage

is partially decomposed saw logs which provide an undulating

microtopography accounting for a mixture of terrestrial ruderal

species on raised terrain interdispersed with wetland species.

Terrestrial Communities. Due to the past and present

disturbances such as logging and grazing the three terrestrial

communities - Poa pratensis, Rubus discolor, and Rubus discolor -

Symphoricarpos al bus - are mostly dominated by ruderal plants.

While all of these assemblages are found on the banks adjacent to

the wetland, the P. pratensis assemblage is also found on logs

which have fallen into the wetland. In the lower portions of the

R. discolor-S. al bus community, G. grandi s becomes a subdominant.
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Ordination

Sample and species reciprocal averaging ordinations, using the

first (x-axis) and third (y-axis) display sample and species

patterns in relation to environmental data. The ordinations are

shown in Figures 38 and 39. A topographic-inundation/soil

saturation gradient is inferred along the x-axis from a wetland on

the right to terrestrial habitat on the left. However, because of

the generally disturbed character of the study site and the

adaptive strategies of ruderal species to disturbance the inferred

environmental gradient is not as clear as it was at the other

study sites.

The sample ordination reflects the topographic-moisture

gradient with wetland communities on the right and terrestrial

communities on the left of the x-axis. The R. discolor

assemblage, with its wide range of relatively few samples along

the x-axis and y-axis includes species with varied tolerance

toward soil saturation. Other communities which are also

comprised of a variety of species with differing tolerances toward

soil moisture are R. discolor-S. albus, S. microcarpus, and G.

grandis. The close grouping of communities to the right of the

ordination reflects the general distrubed conditions of this

wetland.
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Within the species ordination, wetland species Carex obnupta,

G. grandis, 0. sarmentosa, and V. americana are found toward the

right while ruderal terrestrial species such as R. discolor,

Dactylis glomerata, and Rumex acetosella are located to the left

lower center. The ruderal species found at the upper edges of the

wetland or intermixed with wetland species due to microtopographic

features (i.e., P. pratensis and C. arvense) are located in the

central portion of the species grouping and in association with

wetland species.

Diversity

Alpha or within-community diversity expressed by Shannon's

index is displayed in Figure 40. There is a strong negative

correlation (-97 percent) of community diversity to inundation

duration within the wetland where n = 6 and r2 = 0.94. Because of

the creek gradient within the study site no correlation was made

between elevation and alpha diversity. Also, wetland communities

with the highest diversity and least inundation, i.e., J. effusus-

Equisetum spp. (H' = 2.37) and C. arvense (H' = 2.30) are in

places where the wetland has been disturbed causing a mixture of

wetland and terrestrial ruderal species.



2.4

2.0

1.6

1.225

1.2

e/e*/.

1.004

0.8

0.4

0.000
0.0

Veam Olgr Juef

1.464
%VA

eeVe
s'eN

14
NA'
111,1

eeee

We,

2.301

Clar

2.371

Juef-
Eqepp

Communities

1.939

1.748
1.650

Popr Rudi- Rudi
Syal

Acronym Community

yearn Veronica americana

Glgr Olyceria grand's

Juef Juncus effusus

Scmi Scirpus microcarpus

Clar Ciralum arvense

Juef- Juncus effusus-
Eqapp Equisetum app.

Popr Poa pratensis

Rudi- Rubus discolor -
Syal Symphorlcarpos albus

Rudi Rubus discolor

Figure 40. Within-community diversity of the Gray Creek plant communities as expressed by the
Shannon diversity index (H').



120

Table 17 presents beta or between-community diversity of the

Gray Creek study site. Generally, the beta diversity of the Gray

Creek communities is high. The lowest beta diversities are

associated with heavily disturbed communities which share many

ruderal species. An exception, however, is found between the

relatively undisturbed G. grandis community and the R. discolor-S.

albus community (0 = 1.38) due to G. grandis being a subdominant

in the lower, more saturated, portions of the terrestrial

community.

Summary

Six wetland and three terrestrial communities are identified

at the Gray Creek study site. The wetland communities form a

complex mosaic along the creek related to microtopographic

differentiation, variation in hydrology, and cattle grazing.

Species and samples were ordinated and an environmental gradient

was inferred along the x-axis. Communities are depicted in the

sample ordination, although there is a strong negative correlation

of alpha diversity and inundation duration, the higher wetland

communities include a number of ruderal species. The between-

community similarities in the Gray Creek wetland are low, except

for heavily disturbed assemblages.
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Table 17. Betveen-carrnunity or beta diversity of the Gray Creek study site
plant ammtnities as show by the MacArthir difference measure.

Glgr

Juef

Vean

Sord

Juef-

Eqsp

Ciar

Popr

Rudi

Rudi-

Syal

G1 yr Juef Vean Somi Juef-Eqsp Ciar Popr Ruch Rudi -Syal

1.72 -

1.71 1.89 -

1.68 1.63 1.80 -

1.86 1.61 1.88 1.58

1.71 1.68 1.63 1.29 1.37

1.61 1.59 2.00 1.72 1.36 1.71 -

1.97 1.99 2.00 1.75 1.54 1.62 1.79 -

1.38 1.80 1.88 1.60 1.67 1.62 1.61 1.61

Acronym Ccmrninity

G1 T Glyceri a granzli s

Juef Juncus effusus

Vean Veronica americana

Sani Scirpus microcarpus

Juef- Juicus effusus-

Eqsp Equisetun spp.

Ci a r Ci rsium a rvense

Popr 1,13a pratensi s

Rudi Rubus discolor

Rudi- Rubus discolor -

Syal Symphoricarpos al 111S
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Fern Ridge

Plant Communities

Three wetland plant communities identified at Fern Ridge are

depicted by cluster analysis in Figure 41. Community attributes

are presented in Table 18 and are mapped in Figure 42. The three

communities have different relationships to inundation and/or soil

saturation. Inundation of the wetland is artificially manipulated

by summer-fall drawdown of Fern Ridge Lake for irrigation and

flood control purposes.

Phalaris arundinacea community has an elevation range of 0.00

to 0.40 m. Phalaris arundinacea forms almost monospecific stands

throughout this community with Juncus balticus and Lotus

corniculatus occurring at higher elevations and Typha latifolia

scattered at lower elevations. Although the soil remains

saturated throughout the year, water depths vary within the

community between March and July when the wetland is inundated.

March inundation is confined to the drainage ditch within the

community and beginning in April, inundation results from the

rising of the lake water level due to impoundment. The P.

arundinacea assemblage was flooded during the 1980 season to a

June maximum depth. Maximum flooding reached the 0.39 m relative

elevational level above which the water table was within 5 cm of

the soil surface in June. In the non-flooded area P. arundinacea

canopy cover ranged from 70 to 100 percent over the growing

season. At lower relative elevations cover decreased to
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Table 18. Characteristics of wetland and terrestrial
communities for the Fern Ridge study site. Species

indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover Frequency

(percent) (percent)

PHALARIS ARUNDINACEA

N=60, S=9

*Phal a ri s arundinacea 82 100

SCIRPUS VALIDUS

N=8, S=2

Scirpus validus 89 100

*Phalaris arundinacea 11 38

LOTUS CORN ICU LATUS

N=4, S=8

*Lotus corniculatus 30 75

*Festuca arundinacea 18 50

Juncus balticus 12 50

*Anthoxanthum odoratum 12 50

* Denotes alien species
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approximately 60 percent at peak growth adjacent to the drainage

ditch. Shoot growth was noted in the ditch in March, with the

rest of the community beginning to "green" in April. Above ground

live material was recorded through November, with peak growth in

June to July.

Scirpus validus assemblage is not in a continuous stand as was

the P. arundinacea community. S. validus occured as monospecific

circular patches and was invading the lake mudflat. This

phenomena was seen at Davis Lake, and has been noted for such salt

marsh species as Triglochin martimum in Pacific Northwest

intertidal mudflats (Jefferson 1974, Eilers 1975). S. validus is

also found in association with P. arundinacea, and appears as old

colonizing 'islands', now completely surrounded by P.

arundinacea. The relative elevational range of the S. validus

community within the study site is 0.00 to 0.21 m. The entire

assemblage, therefore, is flooded from April to July and to a

depth greater than 1 m during the June peak.

Lotus corniculatus community is located in a narrow band

between the P. arundinacea community and the adjacent upland.

Festuca arundinacea and Anthoxanthum odoratum, two terrestrial

plant species, are subdominants. The L. corniculatus assemblage

appears to be transitional between wetland and upland, a

transitional position also noted by Taylor (1980) in Coos County,

Oregon.
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Ordination

Sample and species reciprocal averaging ordinations using axis

1 (x-axis) and 3 (y-axis) (Figures 43 and 44) portray sample and

species distributions within the Fern Ridge study site. Figure 45

displays the 1980 inundation period at the Fern Ridge study site

in relation to elevation and plant communities.

The sample ordination shows the elevation-inundation gradient

with the lowest and longest inundated communities (P. arundinacea

and S. validus) being located in the lower portions of the y-axis

and the non-inundated wetland community in the upper right of the

ordination (Figure 43). Both the P. arundinacea and L.

corniculatus communities contain a broad collection of species and

have wide responses to inundation and/or soil saturation. The S.

validus assemblage with only S. validus and P. arundinacea

exhibits a narrower range along the inundation gradient.

Scirpus validus, isolated at the left of the x-axis in the

species ordination grows only in relatively deep water at low

relative elevations within the study site (Figure 44). In the

lower right corner of the ordination are wetland species which are

inundated at some time during the growing season (i.e., P.

arundinacea and Juncus balticus). Species found only in saturated

soil conditions, such as L. corniculatus, F. arundinacea, and A.

odoratum are in the upper right of the ordination. Carex obnupta

and Juncus effusus, mid-way along the y-axis, have intermediate

tolerance to inundation duration. One species that appears to be
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out of place is Rubus laciniatus. This shrub has the ability to

trail out into inundated areas but remains rooted above the water

level; its cover therefore is not representative of habitat

conditions.

Diversity

Figure 46 respresents alpha or within-community diversity for

the three wetland communities expressed by the Shannon index. The

L. corniculatus community (H' = 1.98) is the most diverse of the

communities. This assemblage is located at the higher portions of

the wetland and adjacent to the terrestrial vegetation. The other

two communities have very low alpha diversity. In both the P.

arundinacea (H' = 0.38) and S. validus (H' = 0.42) communities

inundation and strong vegetative growth leading to strong

dominance are critical determinants for the low diversity.

Community diversity at the Fern Ridge site, is therefore

correlated to the elevation/inundation gradient. A 88 percent

positive correlation is found with elevation and a negative 78

percent correlation is noted between diversity and inundation

duration, where n = 3 and r2 = 0.77 and 0.61 respectively.
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Table 19 shows beta or between-community diversity at the Fern

Ridge study site. The P. arnundinacea community, which occupies

the largest elevation range along the topographic-inundation

gradient, has low beta diversities with respect to both the S.

validus (D = 1.61) and L. corniculatus (D = 1.73) communities.

The uppermost wetland community (L. corniculatus) has an expected

high beta diversity with respect to the lowermost S. validus

community (D = 1.94).

Productivity

Net aerial primary productivity at Fern Ridge was estimated

during the 1980 growing season. A mean NAPP is determined for the

entire study site and productivity estimates are shown for species

and stands in relation to the elevation/inundation gradient

(Tables 20 and 21).

Macroplot Biomass. Mean living and dead biomass for the 1980

season is given in Figure 47. A peak above ground biomass of 1575

g/m2 was recorded during the July sample session in plot 2-30.

Both living and dead biomass were recorded in all wetland plots

during the growing season. Maximum dead biomass was documented in

macroplot 2-30 in June (1782 g/m2). The annual mean living and

dead biomass for the Fern Ridge wetland was 352 and 623 g/m2

respectively. All wetland macroplots recorded single living and

dead biomass peaks.
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Table 19. Between-community or beta diversity of the Fern
Ridge study site plant communities as shown by the
MacArthur difference measure.

Scva Phar Loco

Scva

Phar 1.61

Loco 1.94 1.73

Acronym Community

Scva Scirpus validus

Phar Phalaris arundinacea.

Loco Lotus corniculatus
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Figure 47. Mean living and dead aerial biomass ± S.E. for the 1980 sample period for the
Fern Ridge wetland. Solid line denotes living biomass, dashed line is dead biomass.
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Net Productivity of Stand and Species. Since the Fern Ridge

wetland is composed of essentially monospecific communities,

productivity measures did not vary significantly between the

Smalley (1959) method and the component species. approach (Table

20). However, Plot 1-30 showed a reversal from the general trend

in that the productivity was lower based on the component species

method than on the Smalley (1959) method. This is accounted for

by the presence of Juncus balticus which is scattered throughout

the macroplot.

Species NAPP estimates for the 1980 growing season, by

macroplot, for the Fern Ridge wetland are presented in Table 21.

Phalaris arundinacea is by far the most productive species within

the wetland, reaching a high of 3082 g/m2/yr in plot 2-30.

Elevation, Environment, Productivity, and Vegetation.

Macroplot relative elevations, referenced to a fence post in the

adjacent upland, ranged from 0.14 to 0.63 m (Table 20).

Productivity macroplots varied in relation to inundation duration

and water table depth, although the wetland substrate remained

saturated throughout the growing season. NAPP is positively (70

per cent) correlated to elevation, with greater NAPP being

associated with higher elevations; and is negatively (-59 per-

cent) correlated to the inundation period, Where n = 6 and r2 =

0.49 and 0.35 respectively. Therefore greater NAPP at the Fern

Ridge study site is found in the higher areas of the wetland where

there was little or no inundation and consequently a longer

growing season. The correlation of the Fern Ridge NAPP to the
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Annual NAPP estimates (g/m2/yr) for Fern Ridge
wetland based on two methods of computation:
Smalley (1959) method; and sum of individual species
productivity based on Eilers (1979).

Plot

Number Smalley

Component

Species

Relative

Elevation (m)

1-30 2638 2595 0.63

1-50 1026 1025 0.14

1-65 2094 2137 0.20

2-30 3082 3082 0.62

2-50 1274 1274 0.46

2-65 914 914 0.30
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Table 21. Annual NAPP (g/m2/yr) of prominent species within
the Fern Ridge wetl and.

Species mean S. E. Min. Max .

Phal a ri s a rundi nacea 1509 438 215 3082

Typha lati fol i a 1071 --
Sci rpus val idus 805 - - -

Juncus balticus 90 -
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elevation/inundation gradient is opposite of NAPP association

estimated at Daley Lake. This may reflect in part the

manipulation of the inundation period of the wetland through

artificial drawdown of the lake for irrigation purposes.

The growing season NAPP of the Fern Ridge wetland is governed

to a degree by the hydrologic regime of Fern Ridge Lake. The

wetland is not flooded during the winter months due to artificial

drawdown of the reservoir, but is inundated or has water within 5

cm of the soil surface from April to July. Such a hydrologic

regime may restrict nutrient inputs into the wetland. A growing

season of 197 days may also have some influence on the Fern Ridge

NAPP. With drawdown, organic matter in those portions of the

wetland which are inundated was rafted away. In higher wetland

elevations which are not inundated the organic matter was

decomposing in situ. In such places P. arundinacea has winter-

green tissue beneath the litter. The non-inundated portions of

the wetland have a higher NAPP than the inundated lower

elevations. This may be due to the litter in the upper areas

providing a nutrient base, whereas in the lower sections this

nutrient supply is removed with flooding..

Summary

The Fern Ridge wetland has three communities; two of which (P.

arundinacea and S. validus) have low within-community diversity

and all of which are floristically dissimilar from one another.

This low community similarity is expressed in the ordinations
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having outliers. None-the-less, an elevation/inundation gradient

can be inferred from the ordinations from the S. validus community

at the lowest relative elevation and longest inundation period to

the non-inundated L. corniculatus bordering the terrestrial

habitat. Plant species diversity was positively correlated with

elevation and negatively correlated with inundation duration. P.

arundinacea contributed the most to the Fern Ridge wetland NAPP

with a mean of 1509 g/m2/yr. Within the wetland greatest NAPP was

in non-flooded areas., therefore NAPP is positively correlated with

elevation and negatively correlated with inundation duration.
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Davis Lake

Plant Communities

Seven wetland and two terrestrial communities at Davis Lake

were identified by cluster analysis, and are presented by a

dendrogram in Figure 48. Community characteristics are presented

in Table 22 and a community map appears in Figure 49. The Davis

Lake study site wetland is influenced by the lake water table

which has a relative annual range of 2.02 m. The inundation

period and depth of flooding depend on the watershed snowpack. It

is expected, therefore, that wetland inundation will fluctuate on

a long-term basis. In May, 1957 the relative water level reached

3.00 m completely inundating the present wetland complex and the

adjacent ruderal herbaceous terrestrial community (air photo

interpretations). In May, 1980 the wetland was only inundated at

the 0.65 m level at the 1.99 m elevation in May, 1981. During the

1980 growing season, the portion of the wetland below 0.44 was

flooded and/or had saturated soils through September. At

elevations between 0.44 and 0.65 m the wetland was inundated

and/or had saturated soils through July. Between 0.65 and 0.93 m

relative elevation the soil was saturated through June and from

0.93 m to the upper wetland boundary the soil remained saturated

only through April. These relations are shown in Figure 52.
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Table 22. Characteristics of wetland and terrestrial
communities for the Davis Lake study site. Species
indicated with at least 5 percent cover; N = number
of microplots, S = number of species.

Communities/Species

Cover

(percent)

Frequency

(percent)

SCIRPUS VALIDUS

N=13, S=1

Scirpus validus 100 100

GLYCERIA BOREALIS

N=8, S=5

Glyceria borealis 60 88

Eleocharis acicularis 15 38

Juncus balticus 13 38

Carex athrostachya 13 38

ALOPECURUS AEQUALIS

N=5, S=2

Alopecurus aequalis 98 100

RANUNCULUS FLAMMULA

N= 20, S=5

Ranunculus flammula 85 91

Sagittaria cuneata 8 55

Glyceria borealis 6 10

ELEOCHARIS ACICULARIS

N=17, S=10

Eleocharis acicularis 50 82

Arnica chamissonis 21 65

Ranunculus flammula 13 53

Sagittaria cuneata 7 29

Alopecurus aequalis 5 35
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Table 22. cont.

Communities/Species

Cover Frequency

(percent) (percent)

POTENTILLA ANSERINA-

AGROSTIS SCABRA

N=38, S=20

Potentilla anserina 36 93

Agrostis scabra 24 73

Carex athrostachya 12 50

Juncus balticus 10 58

Ranunculus flammula 6 20

JUNCUS BALTICUS-

PHALARIS ARUNDINACEA

N=10, S=10

Juncus balticus 35 70

*Phalaris arundinacea 35 60

PINUS PONDEROSA

N=7, S=3

Pinus ponderosa 86 100

Poa sandbergii 14 100

CAREX ATHROSTACHYA-

VERBASCUM THAPSUS

N=22, S=16

Carex athrostachya 33 91

*Verbascum thapsus 29 41

Oenothera tanacetifolia 13 59

Potentilla anserina 9 41

*Denotes alien species



ACRONYM COMMUNITY

Alae Alopecurus aequalis
Elac Eleocharis acicularis
Glbo Glyceria borealis
Pipo Pious ponderosa
Rail Ranunculus Ilammula
Scva Scl.rpus validus
Caat-

Veth Carex athrostachya-
Verbascum thapsus

Juba-
Phar Juncus balticus-

Phalaris arundinacea
Poan-
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Agrostis scabra
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Figure 49. Vegetation of the Davis Lake study site, with stippled areas denoting the terrestrial
habitat. Vegetation and productivity transect locations are shown, and are designated
by a "T" and "P" respectively.
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Wetland Communities. The Scirpus validus community forms a

dense monospecific stand from 0.00 to 0.49 m relative elevation.

This assemblage seems to have invaded into the Davis Lake

mudflat. The direction of this invasion appears to be from north

to south for S. validus tapers off to a narrow band, between the

elevations of 0.00 to 0.15 m toward the south. The outer edge of

this stand is subject to mechanical disturbance by ice pack

conditions in the winter and is buffeted by high energy waves

during the spring. These disturbances have uprooted S. validus

rhizomes. However, from staked observations it appears the S.

validus, although not invading further into the mudflat at this

time, is holding its own. In a backwater area, where wave action

in negligible, S. validus is slowly invading the mudflat. The

average plant height, during peak growth, of S. validus was 2.5

m. In late August when lake waters have receeded and S. validus

has died back exposing the mud substrate, Rumex maritimus, a small

annual, germinates in cracks that have formed in the mud.

Glyceria borealis assemblage is located in the backwater area

shoreward of the southern portion of the S. validus community,

from 0.18 to 0.49 m relative elevation. Due to its protected

location from wave action, G. borealis has established on the lake

mudflat and the community appears to be expanding into the

protected mudflat. Associated species within this assemblage are

Eleocharis acicularis, Juncus balticus, and Carex athrostachya.
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Alopecurus aequalis community, also leeward of the S. validus

community, forms a narrow zone ranging in relative elevation from

0.49 to 0.60 m. It is located north of the G. borealis assemblage

and occupies a relatively small area in the wetland.

Ranunculus flammula assemblage is found adjacent to, and

primarily south of, the S. validus community. Development in the

community is between elevations of 0.15 and 0.47 m. It is

inundated almost as long as the S. validus community, and is

subject to high energy waves during the early part of the growing

season. This may account in part why R. flammula, a low

prostrate perennial, dominates this portion of the wetland.

During the growing season when the community is still inundated,

Sagittaria cuneata, a submerged species, is associated with R.

flammula. As the lake water level drops and the mudflat becomes

exposed, S. cuneata dies back. R. flammula begins to grow while

stil submersed, but does not reach peak growth until the mudflat

is entirely exposed.

Eleocharis acicularis community is found adjacent to, and

interdispersed with the R. flammaula assemblage. Although this

community is found between 0.14 and 0.58 m relative elevation it

is best developed at an elevation of 0.35 m. The E. aci cul ari s

assemblage, is similar to the R. flammula community in sharing

many common species, and being subject to wave action. Prominent

species within this assemblage are R. flammula, S. cuneata, and

Arnica chami ssonis.
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Potentilla anserina-Agrostis scabra community has the most

extensive distribution of any of the Davis Lake wetland

communities. R. flammula, E. paulstris, and other wetland species

are found in the lower elevations of the community while

terrestrial species such as Penstomen procerus occur in the upper

elevations of the community. Juncus balticus is found scattered

throughout the community. Maximum development of this community

is between 0.64 and 1.45 m relative elevation, but its total range

extends to 2.02 m. Although this community was not inundated

during the 1980 growing season, a soil moisture gradient was

measured. While the lower part of the assemblage remained

saturated until July, soil at higher elevations was saturated only

until May. The transitional and fluctuating nature of soil

saturation may account for this community having the highest

species diversity of communities within the study site.

Juncus balticus-Phalaris arundinacea community is the only

wetland assemblage that does not recieve surface water from Davis

Lake during the growing season. This community occurs adjacent to

the upland at elevations greater than 1 m relative elevation. The

soil is saturated through May and is associated with ground water

seepage from the upland. Scattered within this assemblage are

several Pinus ponderosa snags which may represent trees that had

died from past saturated soil conditions during times of high

snowmelt.
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Terrestrial Communties. Carex athrostachya-Verbascum thapsus

community is best developed on a previous shoreline of Davis Lake

located on the upper border of the P. anserina-A. scabra

community. The substrate is primarily sand as opposed to the silt

and clay substrate of the wetland assemblages. Subdominant

species are Oenothera tanacetifolia and P. anserina.

A community dominated by Pinus ponderosa characteristic of an

extensive area of upland is found at higher elevations than the C.

athrostachya-V. thapsus assemblage.

Ordination

Sample and species ordinations (Figures 50 and 51), using

reciprocal averaging, were plotted along axes 1 (x-axis) and 3 (y-

axis). These ordi nations di spl ay sample and species patterns with

regard to environmental data. Communities, defined by cluster

analysis, are depicted in the sample ordination. Thirty samples

comprising 3 communities and 3 species that were determined as

"outliers" were omitted from the respective ordi nations. A

community or species is considered as aeoutlier" if it has low

similarity to other communities or species (Gauch 1982). However,

determination of outliers involves a certain amount of subjective

judgement. If outliers are present in an ordination data set, the

ordination will be unsatisfactory and may have no obvious

envi ronmental determination al ong either axis.
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Figure 50. Reciprocal Averaging (RA) ordination of the Davis Lake vegetation samples in

which plant communities are depicted.
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In the sample ordination the samples that comprised the

outlier S. validus, P. ponderosa, and J. balticus-P. arundinacea

communities were removed from the data set prior to running the

ordination. The low prostrate perennial wetland communities (R.

flammula and E. acicularis), found in low areas of long periods of

inundation, are located to the left of the x-axis. The perennial

terrestrial community is found on the right periphery of the x-

axis. Therefore, an inundation/soil saturation gradient is found

along the x-axis from communities which are flooded for long

periods on the left to a terrestrial environment on the right.

The spread of sample points of the tall perennial wetland G.

borealis and P. anserinia-R. scabra communities along the x-axis

suggests that these communities are heterogenous in the species

composition and have broad tolerances toward soil saturation

and/or inundation.

The species ordination is similar to the sample ordination in

reflecting the inundation gradient within the Davis Lake

wetland. Species which make up the low prostrate emergent wetland

communities (S. cuneata, R. flammula, E. acicularis, and A.

chamissonis), and are found in lower elevations within the

wetland, are situated to the left of the x-axis. Emergent tall

perennial species which are invading the prostrate emergent

wetland communities (E. palustris, G. borealis, and A. aequalis)

are also found to the left of the x-axis. Many species which

comprise the P. anserina-A. scabra wetland and perennial

terrestrial species are located on the right periphery of the

ordination.
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Diversity

Alpha or within-community diversity of the Davis Lake study

site plant communities is shown in Figure 59. The P. anserina-A.

scabra community, found at the highest elevation within the

wetland, is the most diverse assemblage (H' = 1.90). The

monospecific S. validus (H' = 0.00) and the R. flammula

communities (H' = 0.50), which are found at the lowest elevations

within the wetland and are inundated the longest, are the least

diverse. The communities comprising the central portion of the

elevation-inundation/soil saturation gradient have intermediate

alpha diversities in relation to the other communities.

Therefore, like the other wetland study sites, within-community

diversity is positively correlated with elevation (72 percent

correlation) and negatively correlated with inundation duration

(-90 percent correlation) where n = 5 and r2 - 0.52 and 0.81

respectively.

Table 23 shows the beta diversities between five of the

wetland communities. Other than the relatively low beta diversity

(D = 1.49) between the two low prostrate wetland communities (E.

acicularis and R. flammula), the communities are quite different

from one another. This distinction between communities is

expressed to some degree in Figures 54 and 55 which show major

species cover along two transects along the topographic-

inundation/soil saturation gradient. These figures also depict

little species overlap among dominant species between communities.
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Figure 53. Within-community diversity of the Davis Lake plant communities as expressed by the
Shannon diversity index (H').
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Table 23. Between-community or beta di versity between five
Davi s Lake study site wetl and pl ant communities as
shown by the MacArthur di fference measure.

Scva Rafl Glbo El ac Poan-Agsc

Scva

Rafl

Glbo

Elac

Poan-

Agsc

2.00

2.00

2.00

2.00

1.84

1.49

1.79

1.76

1.68 1.73

Acronym Community

Scva Sci rpus validus
Rafl Ranancul us fl ammul a

G1 bo G1 yceri a boreal i s

El ac Eleocharis aciculari s
Poan- Potentil la anserina

Agsc Agrostis scabra
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Acronym1 r-. Species
Agsc Agrostis scabra

Caat Carex athrostachya
Eiac Eleocharis acicularis
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Pipo
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Figure 54. Plant species cover along Transect 1 at the Davis Lake
study site for June, 1980.
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Cl Acronym Species

Agsc Agrostls scabra

Caat Carex athrostachya

Elac Eleocharis acicularis

Pipo Pinus ponderosa

Rafl Ranunculus flammula

Scva Scirpus validus

Veth V erbascum thapsus

0
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EIVIltiOft 111

0.64 0.43 0.36 0.23 0.00

Figure 55. Plant species cover along Transect 2 at the Davis Lake
study site for June, 1980.
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Productivity

NAPP within the Davis Lake wetland was determined for two

wetland types: a wetland dominated by tall herbaceous perennials

and a wetl and dominated by l ow prostrate perennial species.

Macroplot Biomass. Figures 56 and 57 show mean living and

dead biomass for the 1980 growing season for the tall herbaceous

perennial and low prostrate perennial wetland types. A peak

biomass of 1082 g/m2 was recorded in macroplot 1-290 in the

Sci rpus val idus community. Living biomass was identified in 77

per cent of al 1 macroplots over the growing season. Dead biomass

was recorded in all of the tall perennial wetland macroplots, but

in only some of the prostrate perennial system macroplots.

Maximum dead biomass was measured in plot 1-290 in May at 2087

g/m2. The mean annual living and dead biomass for the two wetland

systems was respectively 166 and 398 g/m2 for the tall perennial

wetland, and 48 and 16 g/m2 for the prostrate perennial wetland

(Figures 56 and 57). Figure 58 compares the mean living biomass

of the tall and prostrate perennial wetlands.

All macroplots recorded a single living biomass peak, although

such peaks occurred at di ffe rent times depending on species and

wetland systems encountered. Dead biomass also showed a single

peak for the majority of the tall perennial macroplots. Within

the prostrate dominated system, dead biomass was not recorded in
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many macroplots until or near the end of the sample period. This

is due to the water level of the lake falling in mid-late summer

exposing the mudflat and permitting rapid growth and also rapid

decompostion of plant tissue.

Seasonal trends in mean living and dead biomass for each

wetland system show strong single peaks (Figures 56 and 57).

Although the mean living biomass peak for the tall perennial

system is in July, it is only 1.1 time greater than the June mean

biomass. This is due to the dominant S. validus reaching peak in

June but associated species not peaking until July. The seasonal

peak in the prostrate perennial wetland mean live biomass in

August is only 1.1 times greater than in July and September. Mean

living biomass minima for both wetland systems was recorded both

at the beginning and end of the growing season. Relatively high

standard errors in biomass, especially in the prostrate wetland,

reflect vegetation heterogenity between the macroplots.

Net Productivity of Stand and Species. Annual NAPP was

greater for multispecies stands when determined by the component

species method than when determined by Smalley's method. As

expected, the two methods gave the same results for monspecific

stands (Table 24). Based on the component species approach the

tall perennial wetland mean NAPP was 1325 g/m 2 /yr and the

prostrate perennial wetland mean NAPP was 207 g/m2/yr. The most

productive species and community at the Davis Lake site was S.

validus (Table 25) with a mean NAPP of 2477 g/m2/yr.



Table 24. Annual NAPP estimates (g/m2/yr) for Davis Lake
wetland based on two methods of computation:
Smalley (1959) method; and sum of individual species
productivity based on Eilers (1979).

Plot

Number Smalley

Component Relative

Species Elevation (ii)

Tall Perennial

Wetland

1-140 535 571 0.65

1-170 649 935 0.70

1-260 424 698 0.28

1-290 3067 3067 0.14

2-110 1134 1515 1.07

2-140 597 599 0.67

2-290 1887 1887 0.24

mean 1185 1325

S.E. 367 346

Prostrate Perennial

Wetland

1-200 338 344 0.56

1-230 140 238 0.40

2-170 85 109 0.55

2-200 341 369 0.43

2-230 115 141 0.38

2-260 10 41 0.32

mean 172 207

S.E. 56 54

164
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Table 25. Annual NAPP (g/m2/yr) of prominent species within
the Davis Lake wetl and.

Species mean S. E. Min. Max .

Tall Perennial

Wetland

Sci rpus va 1 idus 2477 590 1877 3067

Glyceri a borealis 518 --

Agrosti s scabra 466 138 150 820

Carex athrostachya 199 73 25 340

Juncus balticus 84 29 31 157

Prostrate Perennial

Wetland

Ranunculus fl ammul a 107 24 18 169

El eochari s aci cul ari s 12 5 3 18
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Elevation, Environment, Productivity, and Vegetation.

Macroplot relative elevation, referenced to the vegetation

transect landmark in the adjacent upland ranged from 0.14 and 1.05

m (Table 24). Macroplots varied considerably in relation to

inundation period and soil saturation along the topographic

gradient (see p. 154 for Davis Lake inundation/elevation graph).

Within the tall perennial wetland, productivity was positively

correlated to inundation (66 percent) and negatively correlated to

elevation (-47 percent) with n = 7 and r2 = 0.44 and 0.22

respectively. The low prostrate wetland types exhibited the

opposite correlations with respect to elevation and inundation

duration; namely a positive correlation (52 percent) to elevation

(NAPP increasing slightly with higher elevation) and a negative

correlation (-34 percent) with inundation duration, where n = 6

and r2 = 0.27 and 0.12 respectively. The somewhat lower

productivity exhibited by the Davis Lake tall perennial mean NAPP

value at 1325 g/m2/yr reflects the sites higher elevation (1332

m), harsher climatic conditions reflected in part by a growing

season of 97 days, and late summer dessications in the substrate.

Summary

Seven wetland and two terrestrial communities are identifed at

the Davis Lake study site. Two emergent wetland types comprise

the wetland: a tall herbaceous perennial type and a low prostrate

perennial type. All of the wetland communities, except for the J.

balticus-P. arundinacea assemblage, are influenced by the
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fluctuating Davis Lake water table. The latter community is

effected by groundwater seepage from the adjacent upland.

Samples and species were ordinated and a elevation/inundation

duration gradient is inferred along the x-axis of the

ordination. This gradient is expressed graphically (Figure 52).

In general, within-community diversity increases with elevation

and decreases with inundation duration. The P. anserina-A. scabra

community, found at the highest elevation within the wetland where

the soil is saturated but not inundated; is the most diverse

assembalge, including the upland communities. THe monospecific S.

validus community, on the other hand, at the lower edge of the

wetland has a long inundation period. The tall herbaceous

perennial plant communities are quite dissimilar from one another,

while the two low prostrate perennial wetland communities are more

similar to each other. The tall herbaceous wetland has a higher

NAPP than the low prostrate wetland.
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Lookout Creek

Plant Communities

The four wetland and two terrestrial communities at Lookout

Creek were identified by cluster analysis and are shown by

dendrogram in Figure 59; community characteristics are presented

in Table 26. A vegetation map of the Lookout Creek site appears

in Figure 60.

The wetland communities are associated, in part, with flooded

conditons prevailing from April through May related to local

snowmelt and saturated soil conditions through June. Late spring

saturation comes from groundwater seep from the adjacent slopes

and from a small spring. By July, the wetland soil becomes

extremely dry. Associated with the drying of the soils is a rapid

die-back, especially of the dominant and subdominant forbs. The

wetland has a local elevation gradient sloping downward from west

to east and an ephemeral drainage system approximately in the

center. Plant communities exhibit a rough zonation about the

drainage pattern reflecting differences in inundation and soil

saturation; however, due to the topographic pattern within the

wetland, inundation and relative elevation are not clearly

correlated.



3.0

'.7

2 . 4

2.1

1 .5

1.2

0.

0.3

ACRONYM COMMUNITY

Anspp Antennaria spp.
Artr Artemisia tripartita
Dece Deschampsia cespitosa
Lotr Lomatium triternatum
Pipo Pinus ponderosa
Wyhe Wyethia helianthoides
Pone-

Ragl Poa nevadensis-
Ranunculus glaberrimus

n
r1

jr jejr,-1Q(3 r 0 ^,- 0-
00.0 - 0000 )

-
Ceinu,CfraNnw.creu,CCUILLIM(11:1,(CcnCeincellacriCCu

c.A.10,00000C)00,1,-()C0c.psCOM.Cv--(1-NNIVe.1
)000-U--0000000000.0000-1-wyeeMenv el- -VI - wt.141614.1e

(3.0-00t,t) o..00-()(10.0,...- (WO,- ry-- - r..orye 4r
0.-on.nnr,-.-e 4,C 1,-()C)U-4,11, (.1 .1

411CUMW,MWW.MWW.WWMMMOMMWM 031:00103CDtocnala..1000COCOMICOCLICOCOCCIa.
1,1.,..)VI,14,.1-1-3,-, 1,
alcC(IxrgnamilmalalcoalinanoulalinCLIONIN

-7.,
c.f.Wince crceccu, ccu"

7.
ilErnrtneurcruswe,Er

Wyhe Anepp Pone-Ragl Lotr Artr Dece

Figure 59. Dendrogram of the Lookout Creek plant communities using the Bray-Curtis dissimilarity
measure and a flexible -0.25 fusion strategy.



Table 26. Characteristics of wetland and terrestrial
communities for the Lookout Creek study site.
Species indicated with at least 5 percent cover; N =
number of microplots, S = number of species.

Communities/Species

Cover

(percent)

Frequency

(percent)

DESCHAMPSIA CESPITOSA

N=17, S=25

Deschampsia cespitosa 40 100

Juncus balticus 12 94

Senecio hydrophiloides 12 77

Polygonum bistortoides 11 71

LOMATIUM TRITERNATUM

N=22, S=27

Lomatium triternatum 46 100

Poa nevadensis 17 59

Deschampsia cespitosa 5 9

POA NEVADENSIS-

RANUNCULUS GLABERRIMUS

N=23, S=41

Poa nevadensis 13 52

Ranunculus glaberrimus 12 48

Trifolium longipes 11 35

Juncus balticus 8 35

Achillea millefolium 6 48

Senecio hydrophiloides 5 13

Wyenthia helianthoides 5 9

WYETHIA HELIANTHOIDES

N=22, S=31

Wyethia helianthoides 48 93

Poa nevadensis 17 73
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Table 26, cont.

Communities/Species

Cover Frequency

(percent) (percent)

ANTENNARIA SPP.

N=29, S=35

Antennaria spp. 36 83

Poa spp. 15 86

Achillea millefolium 8 62

Festuca idahoensis 5 17

ARTEMISIA TRIPARTITA

N=12, S=20

Artemisia tripartita 59 67

Polygonum douglasii 16 57

Galium boreale 7 67

Collinsia praviflora 5 100



ACRONYM COMMUNITY

Anspp Antennaria spp.
Arty Artemisia tripartita
Dece Deschampsia cespilosa
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Pipo Pinus ponderosa
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Rag! Poa nevadensis-
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Figure 60. Vegetation of the Lookout Creek study site, with stippled areas denoting the
terrestrial habitat. The vegetation and productivity transect locations are
shown, and are designated by a "T" and "P" respectively.
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Wetland Communities. The Deschampsia cespitosa community,

located "downstream" of the spring, is associated with soils

saturated until late June - early July. In the early part of the

growing season forbs such as Polygonum bistortoides and Sencio

hydrophiloides are subdominant. As these plants die-back, Juncus

balticus becomes more prominent.

Lomatium triternatum assemblage dominates the central and

southeast sections of the wetland. It is centrally located on the

ephemeral drainage system and soils remain saturated well into

June. L. triternatum is by far the most dominant species from

April through June with Poa nevadensis being a subdominant.

Poa nevadensis-Ranunculus glaberrimus community is best

developed in the western arm of the wetland. However, this

community is also found in small scattered areas in other sections

of the wetland. Trifolium longipes is also prominent within this

assemblage.

Wyethia helianthoides assemblage is found on the outer edges

of the wetland, adjacent to the terrestrial habitat. Being

furthest removed from the drainage network and at a relatively

higher elevation than the other wetland communities, soils within

the community become dry earlier in the growing season. Within

the W. helianthoides community a multitude of short-lived annual

species are found. With the die-back of W. helianthoides and the

annual species, plant cover becomes sparse and by late July

cracked soil dominates. The community shares many species with

the P. nevadensis-R. glabberimus assemblage.
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Terrestrial Communities. The Antennaria spp. community,

adjacent to the W. helianthoides community, has saturated soils

until May. During this time there is a profusion of annual

species, yet ground cover is sparse. By June these annuals have

set seed and have died.

Artemisia tripartita community is located on lithosolic soils

which surround the wetland. This assemblage grades into pine

forests on higher ridges.

Ordination

A reciprocal averaging ordination was used to summarize sample

and species patterns, and to interpret these patterns with respect

to inundation and/or soil saturation. Samples and species, as

displayed along the first (x-axis) and third (y-axis), are shown

in Figures 61 and 62. Communities identified by the cluster

analysis are depicted in the sample ordination. A strong

inundation-soil saturation gradient is inferred along the x-axis

from wetland on the right to a terrestrial environment on the

1 eft.

The sample ordination depcits the inundation/soil saturation

gradient. The O. cespitosa community samples, the wettest

assemblage, are located on the right of the ordination and samples

making up the terrestrial A. tripartita and Antennaria communities

are found on the left. While most of the Lookout Creek

communities have fairly broad ranges in relation to soil

saturation as exhibited by the spread in clustering of sample

points along the x-axis, the P. nevadensis-R. glabberimus
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community is especially spread out along the x-axis. This

suggests that this community is heteroyenous in regards to its

moisture conditions and that the species which comprise the

community have wide tolerance with respect to soil saturation.

In the species ordination, species reflecting the most extreme

saturated soil conditions such as D. cespitosa, S. hydrophiloides,

and P. bistortoides are on the right of the ordination, while

terrestrial species like F. vesca and A. tripartita are located on

the left border. Species such as W. helianthoides and P.

nevadensis, found in the the middle of the x-axis, exhibit

tolerance to moderately saturated soil conditions.

Diversity

Figure 63 presents the alpha or within-community diversity for

the Lookout Creek study site plant communities. The highest

diversity occurs within the P. nevadensis-R. glaberrimus

assemblage (H' = 2.92). This community is intermediate in regard

to soil saturation duration in relation to the other communities

on the site. In areas where soil remains saturated for longer

periods of time, as in the D. cespitosa (H' = 2.03) and L.

triternatum (H' = 2.07) communities, diversity is lower.

Conversely, as soils became less saturated, wetland alpha

diversity declines as seen in the W. helanthoides community (H' =

2.37). Although a negative correlation is found between alpha

diversity and saturation duration this correlation is low (-20 per-
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cent), where n = 4 and r2 = 0.40. However, this correlation

should be viewed with caution because of grazing effects. Cattle

grazing may diminish alpha diversity of the Lookout Creek study

site, especially within the terrestrial A. tripartiata community

by selective removal of plants.

Table 27 represents the beta or between-community diversity of

the Lookout Creek wetland communities. The D. cepitosa and the W.

helianthoides communities, which are at the exteme ends of the

soil saturation gradient, have the highest beta diversity (0 =

1.72). Likewise, communities which are more similar in their soil

saturation conditions exhibit lower beta diversities. However,

except for the W. helianthoides vs. P. nevadensis-R. glaberrimus

(0 = 1.32) communities, beta diversity of the Lookout Creek

wetland communities is relatively high.

Productivity

Estimates of NAPP for the Lookout Creek wetland were

determined in 1980. Mean biomass was measured for 6 sample

periods; and NAPP for communities and life forms is given.

Macroplot Biomass. Figure 64 shows mean living and dead

biomass for the 1980 season. A peak biomass of 999 g/m2 during

the June harvest session was recorded in macroplots 1-150 and 2-

70. Living biomass was recorded in all macroplots during the 5

month growing season. Several plots showed no living matter in

the last two harvest sessions which were harvested past the end of

the growing season date. All macroplots had some dead biomass
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Table 27. Between-community or beta diversity of the Lookout

Creek study site wetland plant communities as shown

by the MacArthur difference measure.

Dece Lotr Pone-Ragl Wyhe

Dece

Lotr

Pone-

Ragl

Wyhe

1.52

1.53

1.72

1.48

1.49 1.32

Acronym Community

Dece: Deschampsia cespitosa

Lotr: Lomatium triternatum

Pone- Poa nevadensis-

Ragl: Ranunculus glaberrimus

Whye: Wyethia helianthoides
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throughout the sampling period. Maximum dead biomass for all

macroplots was 780 g/m2 in plot 1-150 during the July sample. The

mean annual living and dead biomass for the Lookout Creek site was

185 and 153 g/m2 respectively.

All macroplots exhibited single living and dead biomass

peaks. Mean live biomass peaked in late June and dead in late

July (Figure 64). Mean live and dead biomass minima occurred in

October, approximately a month after the end of the growing season

and frost free period.

Net Productivity of Stands and Life Forms. Annual NAPP

estimates were accounted for by the Smalley (1959) and component

life form method (Table 28). The approach of separating life form

rather than species was a modification of the component species

method of Eilers (1975, 1979). This modification was developed

because of the difficulty of recognizing litter by species. Based

on the component life form method which separated live and dead

into graminoid and forb, NAPP estimates ranged from 619 g/m2/yr in

macroplot 2-30 to 1605 g/m2/yr in plot 150. The mean NAPP for the

wet meadow was 889 g/m 2/yr. Life form mean annual NAPP estimates

based on Smalley (1959) are presented in Table 29. Graminoid

vegetation was 1.8 times more productive than for forbs.

Elevation, Environment, Productivity, and Vegetation.

Macroplot relative elevations referenced to the upland landmark of

the vegetation transects ranged from 0.85 to 4.21 m (Table 28).

Due to the undulating topography of the wetland no relation or

correlation was made between elevation and productivity. The

wettest soils within the wet meadow were associated with the
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Table 28. Annual NAPP estimates (g/m 2/yr) for Lookout Creek
wet meadow based on two methods of computation:
Smalley (1959); and sum of life form productivity as
modified from Eilers (1979).

Plot

Number Smalley

Component

Life Form

Relative

Elevation (m)

1-30 960 973 0.85

1-50 917 1037 1.23

1-70 577 639 1.64

1-90 544 584 2.19

1-110 631 652 2.74

1-130 295 393 3.19

1-150 1566 1605 3.74

1-170 817 983 4.21

2-30 530 619 1.79

2-50 826 974 1.36

2-70 1180 1264 2.22

2-90 948 948 1.73

mean 816 889

S.E. 98 97

Table 29. Annual NAPP (g/m2/yr) of forbs and graminoids at the
Lookout Creek study. site.

Life form mean S.E. Min. Max.

Forb 316 39 86 506

Graminoid 573 90 113 1269
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Deschampsia cespitosa community and this community had the highest

NAPP within the Lookout Creek site. However, because of grazing

effects within the study site correlations between saturation and

productivity are undependable.

This wetland receives little surface runoff and low

productivity may be caused by this diminished inflow of water and

by low nutrient input. Nutrient deficiency may be more important

than the short growing season in causing low productivity. This

is particularly evident in relation to Davis Lake, since the

Lookout Creek site has approximately the same growing season as

Davis Lake. Cattle grazing may also account for the low

productivity at the Lookout Creek wetland. Cattle are put on the

wetland in late July to early August when the soil is dry, and

after peak biomass of all species. This extrinsic factor would

have its greatest impact upon the dead biomass measure and may

effect the productivity estimates.

Summary

The Lookout Creek study site includes four wetland and two

terrestrial communities. The primary hydrologic input into the

wetland is spring snowmelt and a subsequent subirrigation. The D.

cespitosa wetland community remains saturated well into the

growing season due to two small springs. While a soil moisture

gradient is inferred along the x-axis of an ordination,

topographic pattern is such that inundation and realtive elevation

are not clearly correlated. The P. nevadensis-R. glaberrimus

assemblage exhibits the highest within-community diversity of all
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the plant communities. This community is intermediate in regards

to soil saturation duration in relation to the other

assemblages. Community diversity decreased with both longer and

shorter saturation periods. However, diversity was weakly

correlated with saturation duration. Other factors, especially

cattle grazing, may play an important role in determining

community diversity. The wetland plant communities exhibit

similar species composition. Greatest dissimilarity was found

between the D. cespitosa and W. helianthoides communities which

are at the opposite ends of the soil saturation gradient.

Of the four study sites used in the productivity study,

Lookout Creek had the lowest NAPP, with a mean estimate of 889

g/m2/yr. This low NAPP is accounted for, in part, by diminished

hydrologic input and grazing.
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Comparison Between Wetland Plant Communities

Geographical location and associated climatic regimes,

hyrdological processes, and anthropogenic conditions effect

wetland diversity and community composition through their

collective influence on formative ecological processes. In the

following discussion the flora of the 37 wetland plant communities

identified in the eight studied wetland sites will be compared in

regard to the more conspicuous elements.

In characterizing floristic affinities between the 37 wetland

communities, Sorensen's (1948) index of similarity is applied:

IS2 = 2c

A + B
x 100 where

c = number of species common to two communities
A = total of species in community A.
B = total of species in community B.

Percent floristic similarity between the plant communities for the

eight wetland study sites, based on the entire flora

(presence/absence) in each community, is shown in Table 30.

Appendix C identifies species used in comparing communities.

From Table 30 several features concerning floristic

similarities between communities can be observed. First, with few

exceptions communities occurring within the same wetland are

floristically more similar to each other than to communities of

other wetlands. Second, the Willamette Valley and coastal

communities tend to be more floristically similar to one another

in relation to eastern Oregon communities. However, the eastern
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Table 30. Floristic similarity between the 37 wetland plant
communities using the Sorensen similarity index.
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Oregon wetland assemblages have just as high floristic affinities

with the coastal Bayocean communities as they have with Davis Lake

wetland communities. Third, the Rockaway forested wetland plant

communities have little floristically in common with the emergent

wetland communities.

In what follows is a discussion concerning some of the factors

which effect wetland floras and the floristic similarity between

wetland communities.

Climate

Climate has many primary effects upon a particular wetland

flora involving variations in the quantity and distribution of

solar radiation; variation in precipiation which largely controls

the hydrologic regime; varying patterns in humidity with impacts

on evapo-transiration; etc. Therefore, regional differences in

wetland floristic composition and diversity are expected.

A pattern of floristic dissimilarity between the communities

in the coastal zone and those of central Oregon, corresponds to a

strong macroclimatic gradient. It is expected that the coastal

emergent wetland communities at both Bayocean and Daley Lakd would

be more similar to emergent wetland .communities in the Willamette

Valley than to those at Davis Lake and Lookout Creek east of the

Cascades. However, there are floristic similarities between
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several Davis Lake and Lookout Creek communities with wetland

communities west of the Cascades. Nevertheless, the overall

floristic similarities of the wetland communities, on an inter-

site basis, is low regardless of the climatic influences.

Hydrology

Most wetland functions and structure are closely related to

wetland hydrology (Carter et al. 1978, GOsselink and Turner

1978). Wetland plant species exhibit many adaptations to the

physical and chemical characteristics of wetland soils which

include oxygen deficiency and high concentrations of iron and

manganese (Dubinina 1961, Garcia-Novo and Crawford 1973, Hook and

Crawford 1978). These adaptations play an important part in

determining plant distribution within wetland ecosystems.

Relatively few species are adpated to the low levels of oxygen and

the reduced products within soils associated with flooding

(Steward and Kantrund 1971, Bell 1974, Golet and Larsen 1974, Good

et al. 1978). Therefore, one expects increased floristic richness

with increased elevation, corresponding to diminished flooding,

increased soil oxygen, and fewer soil toxins.

In the wetland study sites where within-community diversity

was correlated to the elevation/inundation duration gradient

floristic diveristy was positively correlated to elevation (i.e.

within-community diversity increases with elevation) and

negatively correlated to inundation duration. Furthermore, the
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correlation of within-community diversity with inundation is

greater than it is with elevation. This correlation pattern

reflects the complex adaptations of wetland species to the

anaerobic environments associated with long periods of flooding.

Plant communities with tolerance to flooding depth and

extended duration approached monospecific composition, or

exhibited strong dominance by one species. The flora and some

plant communities that sustained long periods of inundation in low

areas of wetland repeated themselves from study site to study

site. Species, genera, and/or plant communities occurring in

areas that have prolonged flooding included: Scirpus validus

(Daley Lake, Bayocean, Fern Ridge, Davis Lake), Eleocharis

palustris (Bayocean, Frazier-Jackson, Davis Lake, Lookout Creek),

Sparganium simplex (Daley Lake, Gray Creek), and Glyceria spp.

(Frazier-Jackson, Gray Creek, Davis Lake). As flooding depth and

duration decrease many species and/or genera are found in more

than one plant community or wetland study site. Such

species/genera include: Typha latifolia, Phalaris arundinacea,

Carex obnupta, Juncus balticus, Carex spp., Juncus spp.,

Potentilla spp., and Agrostis spp. These emergent species/genera,

as well as those mentioned above, are considered either

cosmopolitan or subcosmopolitan in their world distribution (Good

1964).
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The hydrologic regime also affects spatial diversity within

wetlands and therefore the floristic richness on an intra-wetland

basis. Low gradient wetlands with sheet flow tend to have lower

floristic heterogenity than those with elevational and structural

differences, or those with increasing water velocity as found

along riverine systems (Gosselink and Turner 1978).

Substrate

Different wetland floras and associated vegetation may develop

on different soils (Jefferson 1974, Gambrell and Patrick 1978).

The coastal Daley Lake wetland, which has developed in a

depressional area, is characterized by a highly organic

substrate. The flora and vegetation here are similar to that of

Oregon coastal freshwater fens and marshes (Christy 1979). The

recently formed coastal wetland at Bayocean, on the other hand, is

characterized by a sand substrate and its flora and vegetation are

associated with either Pacific Northwest coastal deflation plains

(Wiedemann 1966) or intertidal high salt marsh and transition zone

(Eilers 1975, Frenkel et al. 1978). The florsitic similarity

between any of the communities found at these two coastal

wetlands, on an inter-site basis, does not exceed 33 percent.



192

Li fe Forms

The dani nant 1 i fe form of wetland canmunities influences the

floristic composition. While robust, tall-growing emergent

wetland canmunities may be monospecific, forest and shrub wetland

systems are also generally floristically poor. This is due, in

part, to many emergent wetland species and genera being shade-

intolerant (Fredrickson 1978). The Rockaway forested wetland

plant communities are floristically poor in regard to many

emergent wetland communities, and these forested communities are

floristically di ssimi 1 ar to emergent wetland assemblages

el sewhere.

Human Influence

Human interaction with freshwater wetlands has ranged from

complete alienation to creation. Wetlands may be deliberately

established for specific purposes such as nutrient assimilation

(Odum et al. 1975, Darnell et al. 1976, Tilton et al. 1976). To

varying degress al 1 eight study sites have been modified by man.

The Bayocean and Fern Ridge wetlands were formed on the fringes of

man-made lakes that have been created in the last 40 years, while

the Davis Lake and Frazier-Jackson wetlands pre-date white

settlement in Oregon but have been impacted recently by man.
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Human influences change the floristic heterogenity of a

wetland system. The Gray Creek flora has been changed through

past logging and grazing practices, leading to several wetland

communities being comprised of ruderal species capable of

tolerating short periods of inundation and/or soil saturation

(Grime 1979). The Fern Ridge wetland is less than 40 years old

and succeeds the introduction of the aggressive wetland species

Phalaris arundinacea into the Willamette Valley (M. Deathridge-

Newson, pers. comm.). This species has been able to establish

itself within the pioneer habitat created at Fern Ridge due to its

robust growth and competitiveness.
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Net Aerial Primary Productivity Comparisons

Annual NAPP at Daley Lake, Fern Ridge, Davis Lake and Lookout

Creek is governed by geographical location and associated

microclimate and hydrologic properties of the site. The influence

of these controls on productivity has been noted by others

(Newbould 1960, Ingram 1967, Reader 1978, Livingston and Loucks

1979). In comparing NAPP estimates between the four wetlands, the

mean NAPP for each wetland was used.

Daley Lake, located in a maritime climate with mild moist

summers and mild wet winters, was the most productive wetland

(2872 g/m2/yr). At Daley Lake, NAPP was strongly negatively

correlated to elevation and positively correlated to inundation

period. This pattern may partially reflect continual inputs of

nutrients over a longer period of flooding.

The Fern Ridge wetland in the Willamette Valley was the second

most productive wetland (1827 g/m2 /yr). The lower NAPP when

compared to that of Daley Lake was attributed to a shorter growing

season; a shorter inundation period which may, in turn, reduce

nutrient influx; and a man-manipuated water table which may also

diminish nutrient inputs during the growing season. The annual

pattern of NAPP for the Fern Ridge wetland is the reverse of that

observed at Daley Lake, being positively correlated to elevation

and negatively correlated to inundation period. This reversal may

be due to the controlled water table and associated low nutrient
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status of lake water. Additionally, in higher areas within this

wetland where there is little or no inundation, decomposition of

litter may provide a nutrient base while lower in the wetland this

nutrient supply is rafted out.

The Davis Lake tall perennial wetland has an annual mean NAPP

of 1325 g/m2/yr and is the third most productive wetland in this

study, but the productivity is very much lower than at either

Daley Lake or Fern Ridge. The lower productivity may be related

to the site elevation of 1325 m and associated more severe climate

with a short growing season. Like Daley Lake, the Davis Lake tall

perennial wetland NAPP is negatively correlated to elevation and

positively correlated to inundation. The negative correlation

with elevation may be related to the fact that the upper sandy

substrate dries out early and moisture becomes a limiting factor,

truncating the growing season at the upper end of the wetland.

The Davis Lake low prostrate perennial wetland exhibited low NAPP

(207 g/m2/yr) as expected from the very short growing season and

small stature of dominant species. This community type, in

contrast to the tall perennial type, has a positive correlation

witft elevation and a negative correlation with flooding duration

attributable to both mechanical disturbances caused by wave action

early in the season and a extremely short growing season of the

lower most areas which are flooded by very cold water.

The Lookout Creek wetland has the lowest measured productivity

(889 g/m2/yr) of the four tall perennial wetland due to the more

continental climate of the wetland, restricted nutrient inflow

because of limited upstream runoff, early season desication, and
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cattle grazing late in the growing season. Although the Lookout

Creek communities are never really inundated higher NAPP was found

in the places within the wetland associated with longer periods of

soil saturation.

Unlike generalizations about the relation between within-

community diversity, and the elevation/saturation gradient,

generalizations relating NAPP and inundation/saturation periods

and elevation cannot be developed from this study.

Species life histories, as exemplified by the winter-green

shoots of Carex obnupta at Daley Lake, and extrinsic factors such

as cattle grazing at Lookout Creek and local dessication may be

important in determining local levels of NAPP within wetlands,

however, these modifying factors are secondary to macroclimate and

associated hydrology as determined by geographical location.

Comparison with other Freshwater Wetland Productivity Studies

Freshwater wetland productivity estimates, apart from those of

MacNaughton (1966), are lacking in the Pacific Northwest.

MacNaughton reports on the primary productivity of two Typha

latifolia communities: one, at 60 m elevation in the city of

Beaverton, Oregon; and the second, at 610 m elevation near the

Ripplebrook Ranger Station, Mt. Hood National Forest, Oregon.

MacNaughton harvested at monthly intervals (from June 30, 1964 to

July 31, 1965) except for a three month period at the Ripplebrook

site due to snow. Above ground biomass was harvested from two

0.5 m quadrats at each sample session and below ground biomass



Table 31. Anrual net primary productivity of selected North American frestwater wetlands (g/m2/yr).

Ecosystem or Species Location Primary
Productivity

Source Harvest Method

Wet Meadow
Northern Bog

Carex rostrata
Northern Bog
Typha marsh
Typha latifolia
Typha latifolia
Typha latifolia +
Sparganiun simplex
Typha latifolia
Typha marsh
Typha glauca

Carex lacustris
Caren lacustri s

Carex stricta
Care( atherocbs

Barrow, Alaska
Yukon and Alaska

Minnesota
Minnesota
Minnesota
Oregon (60 m elev.)
Oregon (610 m elev.)
Wisconsin

Maryland
New Jersey
Iowa

Wi sconsin
New York

New Jersey
Iowa

101 Tiezen 1972
169 Wein and Bliss

1974
977 Bernard 1974
780 Bernard 1974

1360 Bray 1963
1160 MacNaughton 1966
330 MacNaughton 1966

2877 Klcptek 1975

1868
1905

2106

1186
1580

1492

2858

Johnson 1970
Jervis 1969
van cbr Valk and
Davis 1978
Kloptek 1975
Bernard et al.
1974

Jervis 1969
on der Valk and

Davis 1978

multiple harvest
multiple harvest

maxi mun-mi nimu-n
multiple harvest
multiple harvest
multiple harvest
multiple harvest
multiple harvest

multiple harvest
multiple harvest
maximum - minimum

multiple harvest
multiple harvest

multiple harvest
maximum - minimum

Caret obrupta
Typha latifolia
Phal a ri s arundi nacea
Typha latifolia
Sci rpus val idus

Oregon

Oregon (3 m elev.)
Oregon
Oregon (116 m elev.)
Oregon

2803
1309
1509

1071
2477

this study
this study
this study
this study
this study

nutl i pl e harvest
multiple harvest
multiple harvest
multiple harvest
multiple harvest
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samples were collected from 0.25 m portions of each 0.5 m quadrats

to a depth of 20 cm. Total productivity (above and below ground)

estimates for the two sites were 1160 g/m2/yr for Beaverton and

330 g/m2/yr for Ripplebrook. The Beaverton site productivity

value is similar to the mean annual NAPP of T. latifolia at Fern

Ridge and Daley Lake. The respective growing seasons for these

three sites are: 167 days for Beaverton, 197 days for Fern Ridge,

and 245 for Daley Lake.

In contrast to the lack of studies in the Pacific Northwest,

the work on freshwater wetland productivity in other parts of the

United States has steadily increased during the last several

years. In most studies, net productivity is estimated using

harvest techniques (i.e., measuring peak biomass, maximum minus

minimum biomass, multiple harvest, and disappearance methods) and

the results have been expressed as dry weight. Most studies have

focused on monotypic stands. Few studies focus at the ecosystem

or community level. One of the most comprehensive community

productivity studies is by Jervis (1969) who investigated four

communities in a New Jersey wetland system. Estimates of

freshwater wetland net annual primary productivity in North

America are presented in Table 31. Values vary widely among the

studies, but net annual primary productivity appears to increase

toward lower latitudes where there is a longer frost-free

period. However, hydrologic and nutrient regimes may be more
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useful for interpreting results since many of the higher latitude

wetlands are bogs with little water inflow and a poor nutrient

base compared to wetlands with high water in-flows prevailing at

lower latitudes (Brinson et al. 1981).

Of the producivities at sites used in this study, the annual

NAPP of Daley Lake (and of its most productive species, Carex

obnupta) and Fern Ridge approximate the level of productivities

measured with a C. atherodes wetland in Iowa (van der Valk and

Davis 1978) and a Typha latifolia + Sparganium eurycarpum wetland

in Wisconsin (Klopteck 1975). The annual productivities of the

Fern Ridge and Davis Lake tall perennial wetlands are in the mid-

range of the estimates listed and the productivity values at

Lookout Creek are similar to wetlands in North America with lower

productivities.

Comparison of Wetland to Terrestrial Community Productivity

Productivity of many freshwater wetlands, especially those

dominated by Typha, Carex and tall grasses, are approximately 2 to

5 times higher than those reported for midwestern terrestrial

grasslands (Caldwell 1975). Many wetlands have equal or higher

productivity than temperate coniferous and deciduous broad-leaf

forests (Kira 1975). Explanations for these higher productivities

include the lack of water stress and generally good external

nutrient supplies (Richardson 1979).
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SUMMARY

This research was undertaken to describe the vegetation

ecology and net aerial primary productivity (NAPP) of selected

freshwater wetlands in Oregon.

Quadrat and transect samples of plant presence and cover were

taken within eight wetlands located from coastal to central

Oregon and from sea level to 1500 m elevation. Vegetation data

were classified by hierarchical agglomerative clustering and

ordinated on an intra-wetland basis. Classification and

ordination permitted identification and interpretation of plant

communities for each wetland ecosystem. The ordinations display

the inferred relationship of a particular plant community to an

elevation/inundation period gradient for a given wetland and

therefore represent indirect gradient analysis. Direct gradient

analysis was also carried out by measuring relative elevation and

soil moisture status.

Within individual wetlands, especially emergent wetlands,

plant communities are distributed such that monospecific

communities or communities with few species and high dominance are

located zonally at the lower wetland margins with extended periods

of inundation. More complex, multi-species communities occur as

mosaics at higher relative elevations. Plant species diversity in

a given wetland community, as measured by the Shannon diversity

index, increases from the lower wetland margin and therefore is

positively correlated to elevation and negatively correlated to

inundation duration. However, the adjacent terrestrial community
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may not always be as diverse as the wetland. The MacArthur

difference measure, used to determine between-community diversity

across an elevation/inundation-soil saturation gradient of

individual wetland shows that adjacent wetland communities are

more similar in their species composition than are non-adjacent

wetland communities. This, of course, was expected.

The 37 wetland communities distributed among the eight

wetlands are floristically dissimilar, with greater similarity

being found between communities within a particular wetland. Two

exceptions were the 77 per cent floristic similarity between the

Daley Lake C. obnupta community and the Gray Greek S. microcarpus

assemblage, and a 67 percent similarity between the S. validus

communities at Davis Lake and Fern Ridge. Greater floristic

similarity was found between emergent wetlands at different sites

than between emergent and forested wetlands. Emergent wetland

communities west of the Cascades tended to have greater similarity

with one another than to wetland communities east of the Cascades.

In comparing the floristic richness of a wetland to its

adjacent terrestrial habitat, two general trends are evident: (1)

wetlands are not as floristically rich as the adjacent mesic

terrestrial habitats and (2) wetlands adjacent to xeric

terrestrial habitats may be floristically richer.

Although the wetlands are floristically dissimilar regionally,

several species and genera commonly occur in more than one

wetland. This common wetland flora is usually found at the lower

limits of a wetland where the inundation period is longer and is

probably because few vascular plants have evolved mechanisims to
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tolerate anaerobic conditions found low in the wetland. Species

and/or genera common to several wetlands and located at their

lower margins are: Carex obnupta, Scirpus validus, Eleocharis

palustris, Sparganium simplex, and Glyceria spp. Other species

and genera, not limited to long inundation but commonly found in

more than two wetlands in this study, as well as throughout

temperate North America, include: Deschampsia cespitosa, Typha

latifolia, Phalaris arundinacea, Juncus balticus, Oenanthe

sarmentosa, Carex spp., Juncus spp., Potentilla spp., and

Agrostis spp.

Estimates of net aerial primary productivity (NAPP) for

four of the wetlands have been determined. Stand and species

productivity have been claculated by plant community along

transects from the lower margins of four wetlands to adjacent

terrestrial habitat. Two techniques were employed: Smalley's

(1959) method and the component species/life form method (Eilers

1975, 1979). The species/life form method provides a better

estimate of NAPP because it accounts for species and/or life forms

reaching peak standing crop at different times. The NAPP is

governed by the geographical location and associated macroclimate,

hydrologic regime, human influences, among other factors. Mean

annual NAPP values of emergent wetlands dominated by tall

perennials range from 889 g/m
2
/yr at Lookout Creek, a wetland

exposed to a more continental climate and with little input from

upstream flow, to 2872 g/m
2
/yr at Daley Lake with an equitable

maritime climate and a substrate remaining annually saturated.

The estimated net productivities are comparable to those of other
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temperate North American wetlands.

Individual species with the greatest NAPPs are Carex obnupta

at Daley Lake with a mean NAPP of 2803 g/m
2
/yr and Scirpus validus

with 2477 g/m
2
/yr at Davis Lake. Both species are found at the

lowest elevations within their respective wetlands and form

monospecific stands.

Several recommendations are suggested for future research

concerning Pacific Northwest freshwater wetlands: more extensive

studies of vegetation ecology and net aerial primary productivity;

hydrologic studies which take into account the contributions of

wetland watersheds; studies of wetland nutrient dynamics; and

investigations of man's direct and indirect modification of these

systems. All of these studies should be conducted over the span

of several years to gain an appreciation of these dynamic

ecosystems. It is hoped that some of the techniques used and the

data collected in this study can aid in future Pacific Northwest

freshwater wetland research.
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Appendix A. Wetland reconnaissance form.

Wetland Name: Date:

Location:

County: Surveyor:

Section: Township: Range:

Photo-identified:

Wetland Type: (Cowardin, 1977)

Palustrine: Moss/Lichen Emergent Shrub/Scurb

Forested

Persistent/Non-persistent

Wetland Size: Large Medium Small

Wetland vegetation zonation: Strong Medium Weak

Wetland Disturbance: Heavy Moderate Little

Type

Upland Disturbance: Heavy Moderate Little

Type

Upland Vegetation:

Ease of Access: Easy Moderate Difficult

Type of Access: Car Walk Boat

Access Description:

Remarks:

Overall Recommendation: Excellent Good Poor
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Appendix B Number of wells and tensiometers by vegetation transect for the

eight Oregon Wetland study sites.

Site

Vegetation Well Distance from Tensiometer Distance from

transect number upland end number upland end

stake (n) stake (m)

Daley Lake 1 1 0 1 0

2 10 2 4

3 8

4 10

5 12

6 14

7 16

8 30

9 50

10 70

11 85

2 1 0

2 2

3 4

4 6

5 10

6 24

7 34

8 44

3 1 0 1 2

2 10 2 4

3 6

4 8

5 10

6 18

7 28

8 38

Bayocean 1 1 -13* 1 2

2 5 2 6

3 15 3 10

4 28 4 14

5 20

6 25

3 1 4 1 0

2 12 2 10

3 68 3 14

4 95 4 26

5 34

6 42

* Negative numbers indicate that wells were placed at higher relative elevations

than the upland end stake.
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Appendix B cont.

Site
Vegetation Well Di stance from Tensiometer Di stance fran
transect minter upland end number upland end

stake (m) stake (m)

Bayocean cont.

5

7 62
8 72

9 103

1 4 1 0

2 14 2 5

3 47 3 10
4 72 4 20
5 116 5 30

6 40
7 50
8 60
9 80

Rockaway 2 1 3 1 2

2 6 2 4

3 11 3 6

4 28 4 9

5 33 5 15

6 37 6 32

7 41 7 40
8 42

4

5

1 0

2 4

3 8
4 12
5 14

1 2 1 0

2 21 2 20
3 43 3 40

Frazier-Jackson 1

3

1 100 1 0
2 110 2 20
3 120 3 40

4 60
5 80
6 100
7 110
8 120

1 1 1 -10
2 0
3 10
4 20
5 30
6 40
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Appendix B cont.

Vegetation Well Distance from Tensicueter Distance from

Site transect wiper upland end amber Oland end

stake (m) stake (m)

Gray Creek 2 1 25 1 12

4

5

1 1 1 -40

2 10 2 0

3 50 3 6

4 15

5 24

6 33

7 42

8 51

9 57

1 -60 1 -60

2 -12 2 -40

3 0 3 -20

4 13 4 0

5 30 5 10

6 20

7 30

Fern Ridge 2 1 -50 1 -40

2 12 2 -15

3 33 3 10

4 52 4 14

4

6

1 0 1 0

2 11 2 5

3 28 3 10

4 46 4 14

5 18

6 25

7 35

8 45

1 0

2 12

3 16

4 20

5 30

6 40

7 50
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Appendix B cont.

Site

Vegetation Well Distance frcm Tensiometer Distance from

transect miter upland erd number upland erd

stake (m) stake (m)

Davis Lake 1 1 -10 1 0

2 11 2 10

3 34 3 50

4 85 4 90

5 146 5 110

6 215 6 130

7 273 7 170

8 361 8 230

9 250

10 300

2

5

1 35 1 0

2 53 2 20

3 113 3 30

4 203 4 40

5 265 5 50

6 306 6 80

7 110

8 140

9 170

10 200

11 230

12 260

13 290

1 2 1 0

2 18 2 10

3 35 3 20

4 56 4 40

5 72 5 60

6 98 6 70

7 80

8 90

9 105
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Appendix B cont.

Site

Vegetation Well Distance from Tenslogeter Distance from

transect number upland end writer upland end

stake (m) stake (m)

Lookout Creek 1

4

1 15 1 0

2 20 2 10

3 46 3 40

4 86 4 50

5 125 5 100

6 189 6 130

7 170

8 185

9 200

1 8 1 0

2 35 2 10

3 66 3 20

4 96 4 30

5 128 5 40

6 60

7 80

8 100

9 120

10 130

11 140



Appendix C. Floristic list of wetland and terrestrial vascular plants in the eight Oregon study sites.@ This

list is a total collection of species found.

Species kronym

i; E
th

6 Li' 11

Achil lea mil lefoli um L. Pad + + + +

Agropyron caninum (L.) Beauv. hica +

AroRyron repens (L.) Beauv. Agre +

*Agrostis alba L. Agal + + +

*Pgrcsti s scab ra Wil 1 d. Pgsc +

Ai ra praecox L. Ai pr +

*Al nus rubra Borg. Al ru + + + +

*Alopecurus aequalis Sobol. Alae +

Airrophila arenaria (L.) Lirk Ater +

Anaphalis margaritacea (L.) B. & H. Arm +

Antioxanthun odoratum L. Mod + + +

Antennaria spp. Mspp +

ArctostOylcs uva-ursi (L.) Sprerg. Aruv +

*Arnica chamissonis Less Arch + +

Artemisia campestris L. Arca +

taltmenclature fellows Hitchcock and Crorqui st (1973)

*Species used in Sorensen's similarity index



Appendix C. cont.

C

AcronymSpecies
A c > 1-to

E zfa T 4-a) QJ8-g-i4,,E,Ata 2 ce ut 6 u_

Artemisia tripartita Rydb. fir
*Aster stbspicatus Nees Assu +

Athyri un fel ix-femina (L.) Roth Atfe + +

*Becknannia syzigachne (Staid.) Fern. Besy +

*Bidens cernua L. Bice +

Blechnum spicant (L.) With. Blsp +

Brodiaea douglasii Wats. Brdo +

*Broth aea tyaci nthina (Li rid 1.) Baker Bay +

Brcrus carinatus Hook. & kn. Brca

Bronus tectorum L. Brte

Calanagrostis inexpansa Cray Cain

Calanagrostis nutkaensis (Pres].) Steud. Caru +

Calochortus longebarbatus Wats. Cabo

*Canassia qusnash (Pursh) Greene Caqu +

Cardanine angulata lbok. Caan +

Cardamine integrifoli a (Nutt.) Greene Cain

*Carex athrostachya Olney Cat

+

+

+



Appendix C. cont.

Species Acronym

Al .
to i

A
t 8

.
>,
al ac

I el, !)
E

2
u, .g

4. E
;

cS
a

u.. 8 A

*Care( cbnsa Bailey

* Carex illota Bailey

*Care( larugi ncsa mi chx.

* Carex lenticularis Michx.

*Care( leporina L.

*Carex lyngbyei Fbrnen.

*Cam obrupta Bailey

*Carex pachystachya Chan.

*Care( pensylvanica Chan.

*Carex praticola Rydb.

*Care( stipata Muhl .

*Carex unilateralis MacKenzie

Centairiun utellatun (L.) Bart.

Cerastiun arvense L.

Chimaphila urbel lata (L.) Bart.

Chrysanthenun leucanthenun L.

Chrysospleniurn glechanaefolium Nutt.

Cade + +

Cail

Cal a +

Cale +

Cale +

Caly +

Caob + + + + + +

Capa

Cape

Capr

Cast + +

Cain + +

Ceum +

Cear +

Chun

Chle +

Chgl +

+

+

+

+

+
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Species kronyn -6

.2,

8 E
ral ez 6 it

*Cicuta dcuglasii (DC.)Coult. & Rose Cido + +

Cirsiun arvense (L.) Scop. Ciar

Cli ntonia wifola (Schult.) Kunth Clun

Col 1 i nsi a grandi fl ori a Li ndl . Cogr

*Corrus stol oni fera Michx. Cat

Cynosurus echinatus L. Cyec

Dactylis glonerata L. 1:13g1

*Celphiniun burkei Greene Debu

Del phi niun nuttal li arum Pritz. reru

*Ceschaipsia cespitosa (L.) Beauv. Cece

Digitalis pumirea L. Dipu

Di sporun hookeri (Torr. ) Nichol son Diho + +

Di go RIM SITli thi i (1-lodc. ) Piper Eti sn

*Distichlis spi cata (L.) Greene Di sp

*Dadecatheon conjugens Creene Doco

Dowingia yina Pppleg. Doyi

Dryopteri s au stri aca (Jacq. ) Woynar Cr au
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gi

1 1Species Acronym

A taa"
>,
T

1 1
aa

ei

%8, i .§ E
A -Ar23 U. 6 cu

u_

*Eleocharis acicularis (L.) R. & S. Elac

*Eleocharis palustris (L.) R. & S. Elpa

*Eleocharis rcstellata Torr. Elro

Elynus mollis Trin. Elan

*Epilobtum ratspriti Barbey Epwa

Equisetum spp. Eqspp

Erigeron filifolius Nutt. Erfi

Eryngiun petiolatum Hook. Erpe

Festuca arundi nacea Schreb. Fear

Festuca idaohensis Elmer Feid

Festuca myurcs L. Ferny

Festuca rtbra L. Feru

Fragaria chiloensis (L.) Duchesne Frch

Fragaria vesca L. Frye

Fragaria virginica Cuchesne Frvi

*Fraxinus latifolia Benth. Frla

Fritilleria pudica (Pursh) Spreng. Frpu
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Species Acronym . 2
.5

L)

4, .;
6 ZLI 8 II

Galium aparine L.

*G3liun boreale L.

*G31 i um tri fidum L.

Gaultheria shallon Pursh

Gayoptytun spp.

*Germ macrophyl 1 un Wi 1 1 d.

*Glyceria borealis (Nash) Batchel szt r

*Glyceria grandis Wats.

*Grirdelia integrifolia -

Heracleun lanatun Michx.

Hesperochiron pupil us (Grib.) Porter

Holcus lantus L.

*Hordeum brachyantherum Nevski .

Horkel i a fusca Li ndl .

*I-type ricum anagal I oides C. & S.

Hypericun perforatun L.

It/pochaeris redicata L.

Cilap +

Gabo

Gatr + + +

Gish + + +

Cespp +

Gene +

G1 bo + +

G1 gr +

Cr i n +

Hel a +

Hepu

Hola + +

Fbbr + +

Hofu

Wan + +

Hype + +

Hyra +

+



Appendix C. cont.

&
Species Acronym -6 a) 1

A c >, 1 1 (4' -A L3

2
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*I ri s mi ssour i ens i s lilt. Ind +

*Juncos aaminatus Michx. Juac +

*Juncos balticus Willd. Juba + + + + + +

*Juncos effusus L. Juef + + +

*Juncos ersifolius Wikst. Juen + +

*Juncus falcatus E. Meyer Jufa +

*Juncos lesteurii Boland. Jule +

*Juncos nevadensis Wats. June +

*Jincus oxperis Engelm. Juox + +

*Juncos supinformis Engelm. Jusu +

*Juncos spp. Juspp +

Lathyrus japonicus Eilld. Laja + +

*Leontordon ructicaulis (L.) Merat Leru +

*Lilaeopsis occidentalis Coult. & Rose Lioc +

*Limosella aqffitica L. Li ai +

Linanthus spp. Lispp. +

Li thDphragrre tul bi fie ra Rydb. Libu +
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*Lanatium bralshalii (Rose.) Math. & Const. lobr +

*Lanatiun triternatun (Pursh) Coult. & Rose Lotr

Lcmatium spp. Los pp

*Lotus corniculatus L. Loco + + +

Lupinus littoralis Dougl. Lull +

Luzula campestris (L.) DC. Luca +

*Lysichitun americarum Hulten & St. John Lem + + +

*Nadia gracilis (J. E. Snith) Kech Magr

Mali a sativa Mol. Masa +

Maianthewn dilatatun (Wood) Nels. & Macbr. Madi + +

*Mentha arvensis L. Mear + +

Microsteri s gracilis (Hook . ) Greene Migr +

*Mimulus guttatus DC. itgu +

*Mimulus moschatus Dougl. Minn +

*Mimul us p-imuloides Benth. Mi pr +

Monti a 1 i neari s (Dougl . ) Greene Mol i +

Monti a sibi rica (L.) Hovel 1 Mosi + + +

+

+
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141h1 enbergi a fil i formi s (thtrb.) Rudb. It fi
*Myosotis laxa LOT, Myla + + + +

Nava rreti a diva ricata (Torr.) Greene Nadi

*ttiphar polysepalun Engelm. isiip3 +

*Cenanthe samientosa Presl . Oesa + + +

Cenothera tanacetifolia Wats. Oeta +

*Orcgeni a li neari foli a Wats. Orli

*Orthocarpus castillejoides Benth. Orca +

*Orttocarpus hispidus Benth. Orhi

Parentucellia viscosa (L.) Car. Pavi +

*Paspal um di stichun L. Padi +

Penstemon globosus (Piper) Pennell & Kech Pegl

PenstEmon irocerus Dougl. Pepr +

Perideridia gairdneri (H. & A.) Math. Pega

Phaceli a hastata Daugl. Phha +

*Phalaris araidinacea L. Phar + + +

Phleum pratense L. Pnpr
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*Physocarpus capi tatus (Pursh) Kuntze Ffica + +

*Picea sitchensis (Bong.) Carr. Pi si +

Pi rus ponderosa Cougl. Pi po +

P1 agiobothrys figuratus (Piper) Johnst . P1 f i +

Plagiobcttrys spp. Plspp

Plantago lanceolata L. P1 1 a +

Poa aisicki i Vasey Rai +

*Poa nevadensis Pone

Poa pratensis L. kyr +

Poa sandbergi i Vasey Posa +

Poa spp. Pospp

*Polygonun bistortoides Pursh Pobi

Polygorum dcuglasii Greene Fbdo +

*Polygonun hydropiperoides Michx. Paw + +

Polypoctium glycyrrhiza D.C. Eat. Ragl +

Polysti churl mini tun ( Ka ul f.) Presl . Pcnu + + +

*Potentil la anserina L. ',ban +

+

+

+

+
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*Potentil la gracil i s Dougl .

*Potenti 1 la paci fica Hovel]

*Potentil la palustris (L.) Scq).

*Potentilla rivalis Nutt.

Prunel la vul Bari s L.

*Psilocarphus oregana Nutt.

Pteridium aquil i rum (L.) Kuhn.

Pyrus fusca Raf.

Quarcus garryana Dougl.

*Ranunculus al i Silaefol i us Geyer

*Rarunailus flamula L.

*Ranunculus glaberrimus Hook

Ranunculus occidental i s Nutt.

*Rhamnus purshiana DC.

*Rhynchospora al bus (L.) Vahl .

*Rorippa curvisiliqua (Hook.) Bessey

Rosa rutkana Presl.

Pogr +

Popa +

Papa +

Pori +

Prvu + + +

Psor +

Ptaq + +

Pyfu +

1119a +

Raal +

Rafl +

Ragl

Raoc

Rhpu +

Rhal +

Rocu + +

Row + +

+

+
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Rebus discolor Wei he & Nees Rixii +

Rebus 1 aci niatus Wi 1 ld. Rul a

Rubus pa rvi fl ones Witt. Rupa +

Rebus spectabi 1 i s Pursh Rusp + +

Rune( acetosel la L. Rua c + +

*Runex marl t irrus L. Rine

*Rurex occidental i s Wats. Rwc +

*Runex sal ici fol i us Wei nm. Rusa +

*Sagi tarri a cuneata Shel d. Saw

*Sangui sorba spp. Saspp

*Sal ix hockeriana Barratt Sato + +

*Sal ix sitchensi s Ranson Sasi + +

*Sanbucus racenosa L. Sara +

Saxi fraga integri fol i a Hook. Sain

*Saxi fraga orejana Fbwel 1 Saor

*Sci rpus americanus Pers. Scan +

*Sci rpus microcarpus Presl . Sani +

+

+

+

+

+

+
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*Scirpus validus Vahl.

*Senecio hydrophiloides rydb.

Senecio integerrimus Nutt.

Senecio jacobaea L.

Sherardia arvensis L.

*Sidalcea oregana (Nutt.) Gray

Sisyrindhium douglasii A. Dietr.

Sitanion hystrix (Nutt.) J.G. Smith

*Slum sauve Walt.

Smilacina racemosa (L.) Desf.

*Bola rum dulcamara L.

*Sparganium simplex Huds.

*Spi ranthes romanzoffiana Cham.

*Spirea douglasii Hook.

Stachys cooleyae Heller

*Stellaria calycantha (Ledeb.) Bong.

Symptoricarpos al bus (L.) Blake

Taraxacum officinale Weber

Scva + + + +

Sehy

Sein

Seja

Shar

Si or

Sido

Si by

Sisa

Sara

Soda

Spsi

Spro

Spdo

Stco

Stca

Syal

Taof
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Tel lima grandi flora (Pursh) Dougl . Tegr +

Thuja plicata Donn. llipl +

Tolmiea menzi esi i (Pursh) T. & G. Tone + +

*Tri fol i un 1 ongi pes Nutt. Trio

Tri foil um pratense L. Trpr +

Tri foil un repens L. Trre +

Tri to um wormskjol di i Letm Imo +

*Triglochin concinnun Davy Trco +

Tsuga hetercidtbil la (Raf.) Sarg. Tshe +

Typha latifolia L. Tyla + + + + +

Vacd nium pa rvi foli um Sni th Vapa +

Verbascun thapsus L. Veth +

*Veronica anericana &hwein. Vean + +

*Veronica peregrina L. Vepe +

Vida gigantea 1-bcic. Vi gi +

*Viola adunca an. Viad

*Wyethia helianttoides Nutt. 1.641e

Zygadenus venenosus Wats. ZYve

+



Appendix D. Macmplot living and dead aerial biomass (g/m2).

Wetlard

Macroplot

Living Biomass

Harvest Session*

Dead Biomass

Harvest Session

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Daley Lake

1-20 20 189 569 434 472 467 0 702 896 263 404 1319 1136 769

1-30 29 82 782 734 666 569 19 2496 1932 1688 1440 2075 1036 779

1-40 119 135 699 1357 1573 987 0 1239 677 715 825 976 784 1243

2-20 108 219 262 986 717 683 78 640 998 1142 1100 1007 1731 1451

2-30 215 1796 955 1022 943 333 93 1042 1668 596 630 1226 1265 1011

2-40 308 1133 843 908 1151 964 234 1203 2592 1134 1234 1454 1333 622

3-15 149 343 1463 631 380 370 163 77 30 589 316 587 372 431

3-35 31 98 455 617 1367 1141 0 136 74 239 144 209 1306 566

3-55 190 1093 1254 529 587 1107 492 355 941 575 12B7 1861 1102 704

Fern Ridge

1-30 34 235 521 102 366 194 458 333 945 742 735 1114 521 1153

1-50 18 76 243 480 433 613 254 1100 570 198 264 259 577 643

1-65 21 244 273 1575 808 561 456 526 682 33 120 290 251 653

2-30 87 220 367 1558 595 367 185 471 800 1782 1186 921 1449 1312

2-50 41 31 268 1100 225 104 72 857 487 437 642 548 117 167

2-65 21 86 183 434 757 28 75 672 226 227 264 333 7: 882

* See p. 36 concerning harvest dates.
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Wetland

Macrcplot

Living Biomass

Harvest Session

Dead Biomass

Harvest Session

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Davis Lake

Tall Perennial

1-140 4 11 50 146 264 187 3 134 219 218 199 255 466 387

1-170 8 28 93 566 382 231 3 138 79 95 170 222 253 192

1-260 7 3 90 160 216 311 1 35 1 10 117 94 86 360

1-290 0 136 10E2 505 363 0 0 783 2087 853 701 594 1219 1774

2-110 8 13 32 103 64 40 1 274 207 232 1065 229 439 454

2-140 7 9 77 293 75 43 0 59 20 53 35 2 312 114

2-290 0 113 1003 897 536 0 0 386 361 221 612 541 742 1436

Prostrate Perennial

1-200 4 4 69 168 132 249 47 13 2 0 18 5 44 64

1-230 7 24 40 79 70 87 0 60 0 0 12 11 62 134

2-170 4 14 57 89 75 65 1 0 0 0 0 0 0 0

2-200 7 7 72 32 209 48 0 2 10 0 0 33 7 123

2-230 7 16 56 122 44 39 7 1 0 0 0 0 2 54

2-260 1 1 21 10 20 12 1 1 0 0 0 0 0 0
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Wetland

Macmplot

Living BianaSS

Harvest Session

Dead Biorress

Harvest Session

1 2 3 4 5 6 7 1 2 3 4 5 6

Lookout Creek

1-30 11 186 840 213 3 2 109 35 166 378 94 56

1-50 10 64 732 316 13 2 272 169 262 780 254 22

1-70 21 221 435 302 1 1 59 73 143 355 220 64

1-90 6 190 260 479 8 1 31 51 15 66 235 80

1-110 19 127 295 161 16 1 99 138 83 533 41 11

1-130 20 214 227 71 1 1 128 49 137 284 49 19

1-150 23 86 999 279 30 1 101 83 673 217 99 1

1-170 6 64 813 296 12 1 2 2 8 365 176 24

2-30 24 308 350 77 0 0 22 130 67 436 230 58

2-50 23 191 417 542 33 0 25 17 102 324 217 104

2-70 7 221 999 715 42 19 30 51 218 470 174 35

2-90 5 234 746 298 2 1 76 89 283 310 129 37

7


