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In 1978, a 22 ha diked pasture in the Salmon River

estuary, Oregon, was restored to tidal influence. The

goal was to re-establish the original salt marsh. The

pasture had been diked for 17 years and was dominated by

upland pasture species. The site had also subsided by 30-

40 cm relative to surrounding, undiked high salt marsh.

This study evaluates the restoration process from 1980 to

1988. Data on species cover and frequency, surface

elevation, soil texture, soil-water salinity, and standing

biomass were collected at 49 permanent plots established

in 1978 by Mitchell (1981)

After dike removal, there was a rapid die-off of

pasture species. Potentilla pacitica and Agrostis alba

remained as residuals at higher tidal elevations but

diminished or disappeared at lower elevations. Newly

barren flats were revegetated by colonizing species that

were mostly absent in 1978, but comprised 31% cover by
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1980 and 91% cover by 1988. Ephemeral colonizers

Spergularia marina, Puccinellia purnila and Cotula

coronopifolia never became abundant and did not persist.

Persistent colonizers dominated the restoration site by

1988; of particular importance are Salicornia virqinica,
Distichlis spicata, and especially Carex lyngbyei (67%

cover).

The behavior of residuals and colonizers are clearly

expressed in 1988 plant conuiiunities. Mid-transitional

marsh elevations (1.21 - 1.50 m MLLW) support a residual

Potentilla/Agrostis community. Due to surface subsidence,

restoration has been to low rather than high salt marsh.

Two colonizing communities, Salicornia/Distichlis and

Carex, occupy the low-transitional marsh zone (1.01 - 1.35

m MLLW). The widespread Carex community is a nearly

monotypic (98% cover) stand of Carex lyngbyei.

Although the Carex and Salicornia/Distichlis
communities occupy a similar elevational range, the latter

community is situated in closer proximity to the ocean and

sand spit at the mouth of the estuary. Both Salicornia

and Distichlis are positively correlated with substrate

sand (r=0.48, p=0.O01; r=0.56, p=0.000 respectively) and

salinity (r=0.59, p=0.002; r8=O.66, p=0.000). Carex has a

weak negative correlation with both sand (r8= -0.42,

p=0.005) and salinity (r8= -0.423, p=0.003).

In 1988, peak standing biomass of the restored marsh



was 1645 g/m2, more than twice that of the 1978 pasture

bioinass (758 g/m2).

Results of this study suggest that the diked pasture

has been restored to a functioning salt marsh system. It

has not, however, been restored to its pre-impact

condition. Lowered marsh surface elevation as a result of

diking has had a major effect on restoration results, and

will continue to exert a strong influence on hydrology and

vegetation. While changes in species composition and

biomass production were most rapid between 1980 and 1984,

significant changes continued to occur between 1984 and

1988, the last year reported in this study.
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ECOLOGICAL STATUS MD DYNAMICS OF A SALT MARSH RESTORATION

IN THE SALMON RIVER ESTUARY, OREGON

INTRODUCTION

A 22 hectare diked pasture in the Salmon River

Estuary, Lincoln County, Oregon, was restored to tidal

influence in 1978 through partial dike removal and

reconnection of tidal creeks. The restoration site is

owned and managed by the U.S. Forest Service as part of

the Cascade Head Scenic Research Area (CHSRA) with the

objective of reestablishing the natural salt marsh. A

detailed baseline investigation of the study site was

conducted from 1978 to 1980 (Mitchell 1981). My study, a

follow-up of the original, evaluates the restoration ten

years after its initiation.

Oregon Salt Marshes

Chapman (1974) divided salt marshes of the world into

nine groups based on substratum, tidal range and climate.

He further subdivided the West Coast of North America

group into subarctic, temperate, and dry Californian

subgroups. In their review of Pacific North American salt

marsh literature, Macdonald and Barbour (Macdonald and

Barbour 1974, Macdonald 1977) classified west coast salt

marshes into similar latitudinal groups and subgroups

based on environmental changes and regional differences in
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vegetation composition. Within the temperate group, the

Washington-Oregon subgroup and the northern California

subgroup exhibit similar climatic regimes and floristics.

They were differentiated at 43° N largely because, at that

time, Humboldt Bay in northern California was considered

to host the northern extent of Spartina foliosa. It has

since been established that the Humboldt Bay Spartina is

not foliosa but S. densiflora, presumably introduced from

Chile in ship ballast in the early laGOs (Spicher and

Josselyn 1985, Frenkel 1987, Frenkel and Boss 1988).

In comparison with the broad coastal plains of the

east coast of North America, the west coast is

physiographically an inhospitable place for salt marsh

development. Only 10 to 20 percent of the Pacific coast

is suitable, compared to 80 to 90 percent of the Atlantic

coast (Frey and Bason 1985). The reason is largely

geologic. The Pacific coast is tectonically active, and

much of Oregon is characterized by rocky headlands, steep

gradients, few bays or lagoons, and high-energy wave

action.

However, salt marshes are associated with the seaward

portions of coastal rivers like the Salmon River that

flooded with the rise in sea level at the close of the

Pleistocene era, and marshes also developed in protected

bays (Seliskar and Gallagher 1983, Eilers 1975). Eilers

(1975) used aerial photographs to estimate the extent of
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Oregon salt marshes (for 14 estuaries excluding the

Columbia River) at 3732.5 ha.

Several studies of Oregon salt marshes have been

conducted. Johannessen (1961, 1964) looked at recent

physical changes in six estuaries using aerial

photographs. He determined that all but one were

prograding. Possible reasons include increased

sedimentation due to agricultural and logging practices

within their watersheds.

Jefferson (1975) studied plant communities and

succession in 19 Oregon salt marshes and organized marsh

communities into six vegetation types based on elevation,

substrate and salinity. These types were adapted by

Seliskar and Gallagher (1983) in their community profile

of tidal marshes of Oregon and Washington. They also

summarize information on physical and chemical

environments, biotic communities including microbes and

fauna, ecological processes, and management.

Eilers (1975, 1976) described the plant communities

of the Nehalem marshes, relating species, productivity,

diversity and communities to elevation and tidal regime.

Frenkel et al. (1981) surveyed three coastal salt marshes

to determine the upper marsh limits, which is of

jurisdictional concern. They determined the elevation

range and species assemblages of a transition zone between

marsh and upland. Liverman (1982) studied plant species
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and plant community distribution in relation to

environmental factors (soils and hydrology) at a Netarts

Bay tidal marsh.

All coastal salt marshes have been altered by human

activities to some extent. Although there is much

regional variation in the type and severity of salt marsh

alteration, most have been degraded and many have been

obliterated entirely (Tiner 1984). In its National

Estuary Study, the U.S. Fish and Wildlife Service (1970)

characterizes the degree of modification of estuaries in

the United States: 27 percent have been slightly

modified, 50 percent moderately modified, and 23 percent

severely modified.

In Oregon and the Pacific Northwest in general,

diking for agricultural conversion is the major cause of

salt marsh losses. Boule' and Bierly (1987) note that 90

percent of documented coastal wetland losses in Oregon and

Washington are a result of diking for agricultural

conversion. Kentula (1986) states that most high marsh in

Oregon has been eliminated by such diking. Marshes diked

for conversion to pasture have good potential for

restoration compared to sites that have been drastically

altered by development. Diked estuarine wetlands in

Washington and Oregon have been inventoried to assess

their restoration potential (Jones and Stokes Associates

1988)



Wetland Restoration

Institutional Framework

Interest in salt marsh restoration as one means of

halting or reversing coastal wetland losses has grown

rapidly in the last decade. Most of the interest and

activity stems from mitigation policies which require

compensation for unavoidable impacts. The assumption of

such policies is that a degraded or converted site can be

restored to its pre-impact condition. However, there is

more uncertainty than knowledge in such attempts at

ecological restoration, as restoration ecology is in its

infancy as a science (Kusler and Kentula 1990).

The concept that damage to fish and wildlife values

can be anticipated and compensated for through

compensatory mitigation was first introduced by way of the

federal Fish and Wildlife Coordination Act of 1958 (FWCA)

and subsequent amendments (Blomberg 1987, Ashe 1982). The

act requires the U.S. Fish and Wildlife Service and state

fish and wildlife agencies to cooperatively review

development proposals for their effect on estuaries and to

determine the means for minimizing or preventing resource

damage or loss.

The National Environmental Policy Act of 1969 (NEPA)

forms the second major piece of federal legislation

dealing with mitigation. NEPA applies to all federal

5
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agencies and all activities involving federal agency

approval of projects with significant environmental

impact. NEPA addresses the procedural aspects of project

analysis and the mitigation process, as codified in 1978

(43 FR. 55975-56907). Agencies are required to study all

practicable mitigation measures, include and review such

measures in the environmental impact statement (EIS)

process, and ensure that mitigation plans are carried out

and monitored by the lead agency. Federal agencies which

may play a role in mitigation decisions include the U.S.

Fish and Wildlife Service, National Marine Fisheries

Service, Environmental Protection Agency, and U.S. Army

Corps of Engineers.

In Oregon, four state agencies have a role in

estuarine development and impact mitigation. The Oregon

Department of Land Conservation and Development (DLCD)

implements the Oregon Land Use Act of 1973 and a set of

statewide planning goals that serve as standards and

policies for local comprehensive plans. DLCD has

oversight authority over local land use actions in and

around estuaries, and conducts consistency reviews for

state and federal permits to ensure compliance with the

Oregon coastal management program. Under the state

Removal-Fill Law, the Division of State Lands has permit

authority for fill and removal activity in waters of the

state, including estuaries and wetlands (Oregon Division
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of State Lands 1984). Compensatory mitigation for

unavoidable impacts is included in permit conditions. The

Oregon Department of Fish and Wildlife reviews permit

applications and makes mitigation recommendations to state

and federal agencies with regulatory authority. The

Department of Environmental Quality has responsibility

under section 401 of the federal Clean Water Act for water

quality certification for permits issued by the Army Corps

of Engineers for discharge of dredged or fill material

into waters of the state.

While the goal of compensatory mitigation within the

regulatory arena is to offset specific wetland impacts,

there is increasing interest in restoration and creation

to compensate for historic wetland losses. A major policy

statement to this effect was embodied in the final report

of the National Wetlands Policy Forum, convened by The

Conservation Foundation at the request of the U.S.

Environmental Protection Agency. The forum recommended

that "...the nation establish a national wetlands

protection policy to achieve no overall net loss of the

nation's remaining wetlands base, as defined by acreage

and function, and to restore and create wetlands, where

feasible, to increase the quality and quantity of the

nation's wetland resource base" (The Conservation

Foundation 1988, p.18).



Oregon established a similar goal in 1988 under

Oregon Revised Statute 196.672: "...it is the policy of

the State of Oregon to maintain a stable resource base of

wetlands through the mitigation of losses of wetland

resources and the adoption of the procedural mitigation

standard currently used by federal agencies," and to

"establish the opportunity to increase wetland resources

by encouraging wetland restoration and creation where

appropriate." Since restoration and creation within the

regulatory framework will at best compensate for project-

related impacts, restoration aimed at increasing the

wetland resource base must be carried out by private

conservation organizations and government sponsored

activities on public and private land.

Restoration Problems and Research Needs

Mitigation-related restoration "...tests the present

limits of understanding of estuarine environments"

(Blomberg 1987). Due to a general lack of knowledge about

salt marsh ecology, restoration projects are undertaken

with little idea as to whether or not the project will

replace lost habitats, functions, and values (Good 1987).

Mitigation decisions are made and restoration projects

undertaken with vague expectations and few solid

guidelines for the design, execution, and monitoring of

projects, or the evaluation of results. Areas of

8
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uncertainty include the environmental (physical) factors

that influence restoration results; criteria and

techniques for achieving specific, predictable results;

functional assessment; the definition, criteria, and

probability of success; and monitoring guidelines and

periods (Good 1987, Cooper 1987, Zedler 1983, 1986).

As a result, salt marsh restoration is unpredictable

and full or partial failures are well documented (Race

1983, 1985, Josselyn et al. 1987, Strickland 1986, Kusler

and Kentula 1990). Problems include poor tidal

circulation and surface ponding, improper slope and tidal

elevations, failure to obtain original vegetation due to

subsidence, poor tidal channel reconnection and

development, and poor or no vegetation regeneration.

In response to these problems, articles and manuals

that provide guidelines for the design, execution, and

monitoring of salt marsh restoration projects have

appeared over the past decade (Josselyn and Buchholz 1984,

Haltiner and Williams 1987, Harvey et al. 1983, Josselyn

1982, Smith 1983, Williams and Harvey 1983, Zedler 1984,

Kusler and Kentula 1990, Pacific Estuarine Research

Laboratory 1990). However, important aspects of salt

marsh restoration have rarely been studied and are poorly

understood, so agency managers and planners are "...

required to decide the fate of individual wetlands in an

information vacuum" (Strickland 1986).
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The fundamental problem is the inadequate scientific

base for wetland ecology and restoration (Race and

Christie 1982, Race 1985, Christhilf 1986, Cooper 1987,

Good 1987, Fishman Environmental Services 1987, Kusler and

Kentula 1990, Pacific Estuarine Research Laboratory 1990).

Improvement is slow because:

there is a lack of information on relatively pristine

wetlands;

many wetland functions are poorly understood, thus

difficult to evaluate and restore;

there is a lack of information on the hydrologic

requirements of various plants and animals;

there is little information on the importance of

substrate to flora, fauna, and wetland functions;

the role of wetlands in the landscape is poorly

understood;

there are few comparisons between natural and

restored wetlands;

there are few Pacific Northwest restoration examples

to draw on;

most restoration projects are very small and poorly

documented;

evaluation of restoration results is often vague,

qualitative (not quantitative) and misleading;

restoration evaluation is often limited to

establishment of vegetation;



inadequate restoration evaluation perpetuates the

data dearth; and

there are very few long term restoration studies,

which are necessary to evaluate function, stability and

persistence.

Review of Diked Salt Marsh Restorations

Except for a recent review by Josselyn et al. (1990),

little information on Pacific Northwest restoration is

published. Much of the information on salt marsh

restoration is buried in the records of state and federal

agencies with responsibility for mitigation planning,

review, or completion. The information that is

retrievable from those sources generally suffers from the

inadequacies described above. Better evaluation and

documentation of restoration projects can be derived from

research reports, masters theses, and doctoral

dissertations. There are a few reported examples of salt

marsh reestablishment after dikes breached naturally due

to lack of maintenance or strong erosional events.

Mitchell (1981) reports several such sites in Oregon and

one in Washington, but notes that only observational

information is available.

The studies cited below are a selection of the major,

better-documented restorations of diked salt marshes in

the Northern California, Oregon-Washington, and British

11
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Columbia subgroups of the temperate Pacific coast marsh

group identified by Macdonald (1977). Most sites were

diked for agricultural conversion, as was the Salmon River

study site. Restoration techniques range from

reestablishment of tidal circulation by relatively simple

dike breaching and tide gate removal to the use of heavy

equipment and plantings to reconfigure the site and create

habitat diversity.

California

There are many examples of salt marsh restoration

projects at San Diego Bay, the San Francisco Bay area, and

Humboldt Bay. I have not included examples south of

Humboldt Bay because conditions in that more Mediterranean

climate result in very different salt marsh types and

ecological processes (Zedler 1977, 1982, Eilers 1975,

Macdonald 1977).

Park Street Mitigation Site. Humboldt Bay. This 3.8 ha

restoration was initiated as off-site mitigation for

construction of the Woodley Island marina. The diked site

had been badly degraded by grazing, filling for log

storage, and log pond excavation. A malfunctioning tidal

gate allowed some salt water intrusion into low areas near

the gate. The dike surrounding the site was breached in

December, 1980, and a new dike was constructed around the

old log pond to create improved freshwater marsh habitat
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in that area. Concurrent, coordinated studies were begun

before breaching and continued for 18 months (Springer et

al. 1984, Claycomb 1983, Jacobson 1986, Chamberlain 1982).

Research included annual sampling of vascular plants

(frequency and cover); approximately twice-weekly bird

surveys by the spot map method; small mammal trapping

during June and July; fish abundance, density and species

composition sampling; and surveys of large mammals,

reptiles, and amphibians as recorded during bird surveys.

Control sites were studied simultaneously, and plot

elevations were surveyed and linked to an on-site tide

gauge.

Vegetational response was an immediate die-back of

most upland species and, in the first growing season, an

increase in salt tolerant species (Spartina densiflora,

Grindelia stricta, Triglochin maritimum, Salicornia

virginica). This trend was more pronounced the next year.

Small mammals, common before breaching, declined

drastically the first month, but were expected to increase

again as salt marsh vegetation became established. Frogs

and snakes declined in numbers, and bird use shifted from

shrub and grassland species like Savannah sparrows to

shorebirds and snowy egrets which fed on the newly-exposed

bare flats. Springer et al. (1984) noted that the trend

was toward a renewed, vigorous salt marsh, but estimated



that five to 10 years would be needed for a fuller

appraisal of restoration success.

Elk River Mitiqation Site. Humboldt Bay. The California

Department of Transportation acquired this 8 ha former

marsh on Humboldt Bay as a mitigation site. The brushy,

flat site had been diked in the late 1800s and grazed

until about 1960. The objective was to return the area to

tidal action and salt marsh by breaching the dike in two

locations and removing one tide gate. The breach was made

in September 1980 (Stopher et al. 1981, Josselyn 1982).

Vegetation sampling was conducted by Caltrans in July

1980 and July 1981 (Koplin et al. 1984). Base (1982)

studied the composition and status of wildlife on the site

before and after tidal influence was restored. Fieldwork

spanned a 17-month period, from Nay 1980 through September

1981. Birds were censused once or twice weekly by the

spot-map method at different times of day and at different

tidal levels. Live traps for small mammals were set on

vegetation sampling plots in August in both 1980 and 1981.

Gopher mounds and any sightings of mammals, reptiles, or

amphibians were recorded and mapped. Tidal inundation was

measured on stake markers, and water table salinity was

measured at approximately monthly intervals.

Vegetation analysis indicated significant changes

within the plant community; 11 of the 32 species recorded

in 1980 were absent in 1981, but there were few noticeable

14
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changes in habitat structure due to insufficient tidal

inundation. This led to little change in the distribution

and abundance of terrestrial vertebrates. However,

results are based on just one year's sampling after dike

breaching.

Butcher Slough Restoration. Humboldt Bay. Restoration of

the Butcher Slough estuary is one phase of a marsh

restoration project developed by the City of Arcata. The

12 ha site was severely degraded in the early l950s for

construction of a lumber and plywood mill, log pond and

log deck. The site was abandoned in late 1960. The

restoration goal was to restore the highly altered site to

a more historic course, enhance wildlife and fish habitat,

and add an estuarine component to the city's integrated

marsh restoration complex (Allen and Hull 1987, Arnold

1985). The log pond was enhanced to include open water

and swamp habitats. Other features include sediment

control basins, a trail system, and fish habitat

structures in channels (logs, redwood root wads,

boulders).

Most elements were completed by the summer of 1986 at

a cost of $280,000. Initial evaluations of hydrologic

processes and biotic responses are positive. Zentner

(1988), Allen and Hull (1987) and Arnold (1985) stress the

importance of detailed engineering analysis,

interdisciplinary agency and community involvement in



planning, and construction managers and contractors with

experience in wetland enhancement, all of which were

included in this project.

Oregon

Despite the potential for restoration of diked salt

marshes in Oregon, few restorations have been undertaken.

Most compensatory mitigation has been in the form of

creation, that is, converting upland to intertidal marsh

(Kentula 1986, Fishman Environmental Services 1987). The

Salmon River restoration is the only one that is not

related to mitigation for development projects. The

Fishman study reviews all Division of State Lands estuary

removal-fill permits (issued between 1982 and 1986) that

required some sort of compensatory mitigation. Two called

for salt marsh restoration.

Coalbank Slough Mitigation Site, Coos Bay. This 2.4 ha

former high salt marsh site was purchased by Central Dock

Company to compensate for removal and fill activity to

improve their dock facility. The date of dike

construction is not known, but the area had converted to

upland pasture species. The 595 m long dike was breached

in two segments, each 30.5 m wide, to the level of MLLW in

May, 1987. Because the breaching is so recent, the report

did not include any post-breach evaluation. The permit

16
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requires that the site be monitored for 5 years, but there

are no specifics as to what is to be monitored.

Astoria Mitigation Bank. Columbia River. This 14.4 ha

site adjacent to Young's Bay on the Columbia River is

owned by the Division of State Lands as the state's first

(and presently only) mitigation bank. The area was diked

for pasture uses in the late 1890s and had converted to

pasture vegetation, shrubs, and small trees. In the

winter of 1986/1987, a new setback dike was constructed,

five large breaches were made in the old dike, and tidal

creeks were reconnected.

Baseline data was collected during the summers of

1985 and 1986, and post-breach data was collected in

subsequent years (Jackson 1991). Data collected from

sampling plots included percent cover of all vascular

plant species, a photograph of each plot, "notation" of

relative elevation, and presence of standing water.

Hydrological problems were immediately apparent,

including poor tidal circulation and creation of a

freshwater wetland with standing water of 15 to 61 cm over

much of the site. No pre-restoration engineering analysis

was done. The Fishman report, based on a March 1987 site

survey, notes that tidal reconnection had not yet brought

about "conspicuous changes" in vegetation, although areas

of standing water had increased. Nonetheless, they



conclude that the restoration appears to be meeting some

of the objectives.

Washington

Cooper (1987) reviewed mitigation projects in

Washington from 1983 to 1987 from a planning and

management perspective. Of the 18 projects reviewed, two

involve restoration of former salt marsh; the better

documented project is described below. Cooper notes that

the effectiveness of most of the habitat mitigation

projects is either unknown or incompletely documented.

There are a few inadvertent salt marsh restorations in

Washington as a result of dike breaches from natural

causes, but none are similar to the Salmon River salt

marsh restoration and information about them is mostly

anecdotal (Charles Simenstad, June 14, 1991, pers. comm.).

Lincoln Street Marsh. Puyallup River Estuary. This

restoration project was intended to compensate for

development by the Port of Tacoma of a wetland/upland area

within an industrial complex (Strickland 1986, Cooper

1987, Thom et al. 1987). The 3.9 ha restoration site was

a former wetland which had been diked and filled with

garbage. The goal was to restore and create a specific

mixture of mudflats, tidal channels, marshes, and upland

habitats. Restoration was begun in 1986 and included

excavation of former fill, grading the site to specific

18
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elevations, building a new dike, breaching a connection to

the river, and planting Carex lynqbyei.

The Fisheries Research Institute of the University of

Washington is involved in project design and monitoring

(Thom et al. 1987). Transplanted Carex lyng'byei shoots

retreated during the first two to three years due to

inappropriate elevation (too low), but with rapid

sedimentation Carex lyngbyei is filling in again and there

is good habitat use by target species (Charles Simenstad,

June 14, 1991, pers. comm.).

British Columbia

Most studies of coastal marshes in British Columbia

have been conducted in the Fraser River estuary, which has

been greatly modified by diking (Campbell 1986). Despite

the apparent potential for restoration of diked marshes,

none of the three documented restoration projects I have

located are in the Fraser River estuary.

Koksilah Marsh Restoration, Vancouver Island. Diking

activities in the Cowichan River estuary on the southeast

end of Vancouver Island began in the late l800s with a

resultant loss of more than 50 percent of the intertidal

zone to agricultural and industrial development. Most

high marsh was eliminated (Dawe and Jones 1986, 1987,

Dawe, pers. comm.). Koksilah marsh is a 17.4 ha diked

site which had been used to grow hay crops for many years.
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It was acquired by The Nature Trust of British Columbia

for restoration to intertidal marsh, and restoration began

in 1987 when the dike was breached.

Results published to date are from the

pre-restoration collection of baseline data on vegetation

and soil-water salinity. Data was collected from July

through September of 1985 on all vascular plant species

recorded in 1 m2 sample plots established along transects.

The center point elevation of each plot was also

determined. Tidal inundation ratios were calculated based

on an approximately average year, and soil water salinity

data was collected in September. Four control plots were

established on a small intertidal island adjacent to the

study area. Data analysis separated plant species on an

elevational gradient into four major vegetation groups:

high meadow and low meadow (undisturbed soils), disturbed

meadow, and disturbed marsh.

Englishman River Estuary Restoration. This restoration

was begun in 1979 when a dike was breached, restoring

tidal inundation to a 40 ha former salt marsh. During the

ten years it was diked, the area had converted to upland

grasses, herbs, shrubs and trees. Dawe and McIntosh

(1987, 1991) have followed vegetation changes for eight

years. Vegetation data were collected along permanent

transects annually from 1979 to 1983 and again in 1986,

and environmental data was collected in 1986.
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Most upland vegetation was killed within the first

year. In the second year, clusters of salt tolerant

species such as Distichlis spicata and Salicornia

virginica colonized bare soil. Perennial halophytic

vegetation increased in both frequency and cover by 1983,

and vegetation "appeared" to have stabilized. However, by

1986 Carex lyngbyei, which had remained relatively stable,

suffered a significant decrease in both frequency and

cover that Dawe and McIntosh attribute to a substantial

increase in soil-water salinity. By 1986, the restoration

site was dominated by the Distichlis spicata/Salicornia

virginica community. This site and the Salmon River site

have received the longest monitoring of any Pacific

Northwest restoration projects.

Kokish Marsh Restoration, Vancouver Island. Restoration

of Kokish Marsh on the northeastern coast of Vancouver

Island differs from others in this survey in that diking

prevented fresh water rather than salt water circulation,

resulting in a hypersaline marsh with different plant

communities and lower biomass than adjacent undiked

marshes (Campbell and Bradfield 1988). The dike was

breached in 1985 to allow fresh water to re-enter the

marsh. The expectation was that decreased soil salinity

would lead to greater productivity and a shift to plant

species that were "more desirable" from a fisheries

perspective, Carex lyngbyei in particular.
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The study was designed to assess the extent of

habitat change following dike breaching. Data was

collected nine months before the breaching (July 1984) and

15 months after (July 1986); a nearby undiked marsh served

as a control site. Data on vegetation, soil and elevation

were collected from 214 sample plots along 18 transects.

Periodic water salinity measurements were collected.

The effectiveness of the dike breaching was less than

had been anticipated. River water (salinity 2 ppt)

entered the site only at high tide after a considerable

amount of seawater (salinity 22 ppt) had entered through

the seaward dike breach, which resulted in only a slight

decrease in water salinity (2 ppt). Soil salinity did not

decrease over the 15-month period, remaining twice as high

as the control site. As a result, vegetation has not

changed substantially, although Carex lyngbyei did show a

significant increase within one community type, indicating

a sensitivity to small changes in salinity.



STUDY AREA MID OBJECTIVES

Salmon River Study Area

The Estuary

The Salmon River estuary (Figure 1) is a drowned

river mouth estuary, a type which typically exhibits high

sediment discharge with winter floods but a dominance of

tidal flushing in summer (Oregon Dept. of Land

Conservation and Development 1987, U.S. Forest Service

1976). Thus, salinity patterns vary considerably over the

year. The estuary is classified as a well-mixed type in

the lower reaches and a stratified type in the upper

reaches (Johnson 1980). Head of tide is at Otis, at river

km 7.0.

The Salmon River estuary is the second smallest in

Oregon, encompassing about 800 ha. It is dominated by

floodplain, has relatively little tidal marsh, and

virtually no open bay (U.S. Forest Service 1976). The

40.7 km long Salmon River drains about 194 sq km, has an

annual discharge of 5.5 x 108 in3 and an estimated annual

sediment load of 12,700 metric tons (Percy et al. 1974).

Above river km 3.0, sediment is of fluvial origin; from km

3.0 to 2.0, fluvial and marine sediments are mixed; below

km 2.0, marine sediments dominate (Peterson et al. 1984).

23



Figure 1. Location of Salmon River estuary, Oregon.
(Source: Oregon Division of State Lands, 1973)
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Prior to the early 1960s, most of the estuarine

marshes were undiked, although used for grazing and

haying. From 1961 to 1963, approximately 254 ha of high

marsh were removed from tidal connection by dikes fitted

with tide gates. By 1978, approximately 65 percent of the

estuarine lands had been converted to agriculture or other

uses and 27.5 percent of the original high salt marsh

remained undiked and relatively intact. Because the

Salmon River estuary has been relatively undisturbed, it

is classified as a "natural" estuary under state land use

planning goal 16 (Estuarine Resources). Natural estuaries

are those without jetties, dredged navigation channels, or

significant residential or commercial development (Oregon

Dept. of Land Conservation and Development 1987).

Cascade Head Scenic Research Area

In 1974, Congress designated 3400 ha in the Siuslaw

National Forest, including the Salmon River estuary, as

the Cascade Head Scenic-Research Area (CHSRA). The

purpose of this dedication is to ". . . provide present

and future generations with the use and enjoyment of

certain ocean headlands, rivers, streams, estuaries, and

forested areas for research and scientific purposes, and

to promote a more sensitive relationship between man and

his adjacent environment" (U.S. Laws, Statutes, etc.

Public Law 93-535, 1974).
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The CHSRA was subdivided into a number of subareas.

In the Estuary and Associated Wetlands Subarea, the

long-term goal is ". . . the revitalization and

restoration of the Salmon River Estuary and its associated

wetlands to a functioning estuarine system free from the

influences of man. It should be rehabilitated to its

condition prior to the existing diking and agricultural

use" (U.S. Forest Service 1976).

The Restoration Study Site

In accordance with the CHSRA goal of restoring the

estuary, in 1978 the Forest Service acquired two diked

pastures, encompassing 22 ha, on the north shore of the

Salmon River (Figure 2). The two pastures were separated

by a fenceline; area 51 was grazed by approximately 15

head of cattle and area 52 was grazed by six horses in the

early 1960s (Figure 3). No known plowing or seeding took

place. The two parcels are referred to collectively as

the "study site." About half of the 1550 in outer dike was

removed by two small bulldozers in late summer of 1978

(Figure 4). Removed material was deposited in the

interior "borrow" ditch formed in 1963 when the dike was

built. Major creek connections were reestablished in 1978

by backhoe excavation. Additional large portions of dike

were removed in late summer of 1987. There has been no

restoration manipulation other than dike removal and tidal
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creek reconnection. Restoration of the Salmon River salt

marshes is unrelated to mitigation.

In 1985, the Forest Service acquired a 63 ha diked

pasture along the south shore of the estuary (Figure 2).

Dikes were completely removed in 1987 to restore the

pasture to salt marsh. Early results from a research and

monitoring program initiated in the south shore study site

in 1988 are included in a report to EPA Region 10 (Frenkel

and Morlan 1990).



Figure 2. Various restoration study areas in the Salmon
River estuary, Oregon. Study areas 51 and 52 are
addressed in this study.
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Previous Research

This study is a follow-up on a study conducted by

Diane L. Mitchell (1981), an Oregon State University Ph.D.

student. She analyzed data collected between 1978 and

1980. In the present research, I begin with 1980, the

last year reported by Mitchell. Mitchell's objective was

"... to evaluate the potential for natural salt marsh

reestablishment after dike breaching ...". To accomplish

this task, she (1) established permanent sampling plots

along transects in the restoration study site and

"controls;t' (2) described pre-restoration (1978) plant

communities, soils, and elevation on and of f the study

site; (3) breached the dike and reconnected tidal creeks

with the estuary; and (4) resampled vegetation and

selected environmental characteristics for two years

(1979, 1980) after dike breaching. She also collected,

but did not analyze or report, vegetation data for 1981,

1982 and 1984. This raw data was made available to me for

use in the present study.

Prior to dike breaching, three pasture communities

covered the study site: a Potentilla pacifica community,

an Agrostis alba-Holcus lanatus community, and a Holcus

lanatus community. Elevations among communities did not

differ significantly and Mitchell attributed the spatial

pattern primarily to different grazing practices. After

3]-
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dike-breaching and salt water inundation, pasture plant

communities changed completely.

Mitchell allocated study site plant species to three

groups: upland -- present in 1978, dead in 1979; residual

- - present in 1978, persistent in 1979 and 1980; and

colonizing -- absent in 1978, new in 1979 or 1980. After

the dikes were breached, upland species, initially

comprising 90 percent cover, declined dramatically.

Residual species declined from 80 to 40 percent cover.

Colonizing species increased from 15 to 21 percent cover.

Biomass trends were similar to relative cover trends.

Mitchell also traced percent cover, frequency and biomass

of individual species over the three years.

To study vegetation response to inundation, Mitchell

grouped permanent plots into four "persistence classes"

reflecting the amount of exposed bare ground. Persistence

Class I plots had little bare ground and no new colonizers

in the two years after breaching, i.e., they were fully

covered by residuals. Plots in this class had the highest

elevation and were least affected by flooding. In

contrast, plots in Persistence Class IV, being lower, were

most affected by flooding; residual vegetation cover was

less than 25 percent in 1979 and less than 3 percent in

1980. These relatively bare plots were most subject to

colonization. From her analysis, Mitchell demonstrated
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the importance of elevation differences as small as a few

centimeters (5 to 15 cm) to species composition.

Mitchell measured a 30 - 40 cm subsidence of the

diked study site (diked in 1961-63) relative to

surrounding undiked "controls" which supported high

transitional marsh types. Based on the subsided elevation

of the study site, she predicted that "intertidal to low

transitional salt marsh" would develop. Her prediction

has proven to be accurate.

Objectives

This study addresses several of the research needs

cited above by evaluating a large (22 ha) restoration site

over a relatively long term (10 years) using quantitative

data. The primary question is, has the study site been

"restored?" The secondary question is, what are the

environmental factors that influence restoration results

or "success?"

The first major objective was to describe the

vegetative and environmental characteristics of the

restoration site at year ten (1988) and assess the

relationship between environmental factors and vegetation

patterns. Environmental characteristics considered are

tidal elevation, soil-water salinity, organic content of

soil, and soil texture. The second major objective was to

trace and analyze changes in vegetation over the
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restoration period. Mitchell's research provided a solid

foundation for addressing these questions over the long

term.



METHODS

Field Methods

Transect System and Permanent Plots

Mitchell (1981) established a system of permanent

sampling plots to facilitate repeat sampling over a period

of years (Figure 5). In 1978, she laid out 12 transect

lines in the study site, oriented perpendicular to the

Salmon River. A total of 49 permanent sampling plots were

established along the transects. The first plot was

located within 10 m of the upland, with subsequent plots

spaced at 25 to 45 m intervals, depending on topography.

A similar system of 3 transects with 11 plots was

established in control area 50. In 1979, 24 plots along 5

transects were located in control area 53.

In 1988, plots were relocated and remarked as needed.

Each 3.0 m x 3.0 m square plot is marked at the "primary"

corner with a 6-foot length of 3/4 inch PVC pipe. The

other three corners are marked with short cedar stakes.

Plot configuration and sampling points within the plot are

indicated in Figure 5. Information gathered from study

site permanent plots included:

percent cover of all vascular plant species;

above-ground biomass, sorted by species;

35
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photograph (color transparency) of im x in square plot

at primary corner where vegetation cover was sampled;

soil-water salinity (September 7 - 8);

soil texture;

organic content of soil;

accretion above 1978 sand-tagged marsh surface;

location within transit survey network; and

elevation.

Information from control site plots included:

percent cover of all vascular plant species;

above-ground biomass of all vascular plant species;

location; and

elevation.

Data from control site plots are not included in this

thesis for two reasons. One control area established in

1979 (area 53) had a history of diking and the other (area

50) was hydrologically altered when the study site was

diked. Thus, the controls were not judged to be fully

representative of original marsh conditions, although they

exhibited natural salt marsh assemblages. Furthermore,

the sample size was small.

Vegetation

Cover. The cover class value of all vascular plant

species was recorded for a 1.0 m2 plot at the primary

corner of each permanent plot (Figure 5). Table 1 lists
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the cover classes, their ranges, and the midpoint values

used in analysis. Cover data were collected in 1980 on

Aug. 20 and 21, in 1984 on Aug. 21 and 22, and in 1988

between June 29 and July 7. Appendix A lists all species

and acronyms. A 35 mm color slide was taken of each 1.0 m

plot in order to show vegetative cover changes over the

restoration period. A step ladder permitted a

near-vertical camera position above the plot.

To River

Soil Core 1
corner /salinity
stake /soil texture

Figure 5. Permanent plot configuration showing vegetation
and soils sampling locations.



Table 1. Ranges and midpoint values of cover classes.
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Biomass. I sampled above-ground biomass from study

site permanent plots by clipping all vascular plants

within a 20 x 50 cm sampling frame at ground level (Figure

5). The cover class of each species was recorded before

clipping, and an unsorted green sample weight was recorded

on site. Bioivass was sampled in 1980 on July 24 and 25,

in 1984 on Aug. 21 and 22, and in 1988 on July 25. In

1988, biomass was recorded from all permanent plots except

as described below. I took a 30 percent subsample of

plots that were strongly dominated by Carex lyngbyei

(cover class equal to or greater than 6 and no other

species). Subsamples were drawn from each of four vigor

Cover Class
Range
(%)

Midpoint
(%)

+ 0-1 0.5

1 1-5 3

2 5-10 8

3 10-25 18

4 25-50 38

5 50-75 63

6 75-95 85

7 95-100 98
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classes according to Carex height: 90-110 cm, 110-130 cm,

131-150 cm, and 150-170 cm.

Soils

In 1988, I collected data for interstitial soil-water

salinity, soil texture, soil organic content, and depth of

accretion. Accretion data is not discussed in this

thesis. Two soil cores (3.4 cm diam. x 15 cm long) were

extracted from each permanent plot (Fig. 5). Soil core 1

was used for measuring soil-water salinity and was

retained for lab analysis of soil texture as described

under laboratory analysis, below. Soil core 2, inserted

into sand tags laid down in 1979, was used for measuring

accretion after dike breaching, and was retained for

laboratory analysis of organic content.

Soil-water Salinity. A soil core was extracted from

each permanent plot and a 1 cc soil sample was cut from

the core at a depth of 5 cm, corresponding to the main

root zone. The soil sample was wrapped in hardened filter

paper and placed in a disposable syringe. A few drops of

clear interstitial water was squeezed on to an American

Optical Comapny hand refractometer, and salinity was read

in parts per thousand. Sampling dates were 30 September,

1980, and 7 to 9 September, 1988.



Surface Elevation and Mapping

Previous Elevation Surveys. In 1978 and 1979,

Mitchell surveyed elevations in the study site with an

automatic level. Elevations were recorded at primary

corners of all permanent plots and at 5 m intervals along

transects. Her survey was registered to three temporary

bench marks (TBM's) adjacent to Three Rocks Road and in

1979 to the 7.00 ft mark on the tidal staff gage near the

Jack Booth residence. Later in 1979, Henry Pittock tied

the 7.00 ft tidal staff elevation to two temporary bench

marks on the Jack Booth property. Mitchell reported

elevation with respect to MLLW based on reduction of 16

months of tidal data at the Booth residence which was tied

into the staff gage.

1988 Elevation Survey. A third-order survey was run

in July 1988 that included the north and south shore study

areas, previous temporary bench marks established by

Mitchell, new bench marks established in the present

study, and the NOAA-NOS primary National Geodetic Vertical

Datum (NGVD) Bench Mark R-713 at the Pacific Coast Trail

parking lot at Three Rocks Road and U.S. Highway 101. All

elevations in the present study are referenced to NGVD,

which is the most stable local datum. Tidal data

collected by Mitchell for 16 months is available to

40
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reference NGVD elevations to the MLLW tidal datum where

appropriate.

Five elevations were measured at each permanent plot:

four surface elevations at plot corners and a TBM

elevation on top of a cedar stake at the secondary corner.

Repeat measurements taken in 1978-1979 and in 1988 at the

same position allowed me to compare elevations and

determine elevation change. Four measurements per plot

allowed me to determine surface roughness. A number of

other TBM's were established to facilitate future

resurveying.

Field !4appinq. The entire study site was

field-mapped with transit and stadia registering angles

and distances between fixed topographic points and

transect ends. To aid in mapping, six aluminum aerial

photo targets were placed in the north and south shore

sites and incorporated into the mapped network; imagery

flown in 1989 showed five of the targets. Napping data

permitted preparation of accurate maps, with the aid of

the mapping programs SURFER and AUTOCAD.



Laboratory and Analytical Methods

Vegetation

Floristic Analysis. Community classification of 1988

vegetation data began with a thorough visual inspection of

the study site. Floristic data was analyzed by three

multivariate programs: TWINSPAN (two-way indicator

species analysis), a classification program (Hill 1979a);

a clustering routine in the PC-ORD system, also a

classification program (McCune 1987); and DECORANA

(detrended correspondence analysis), a modified ordination

program (Hill 1979b). The results from these programs

generally agreed with each other, and plots were assigned

to one of three communities based on interpretation of the

combined results.

Mean percent cover and percent frequency of each

species in all samples were calculated for the following

categories:

Over entire study site;

Stratified by the three plant communities identified;

Species identified as "residual" or "colonizer" by

Mitchell based on their occurrence prior to dike-

breaching and their occurrence and behavior after dike-

breaching;

"Residual" and "colonizer" species stratified by

community.
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Biomass. In the lab, each biomass sample was sorted

to species, including the current year's dead biomass

production, attached and unattached. Litter was recorded

separately. Sorted samples were placed in drying ovens at

1000 C until dry, the time varying by species. Dry weights

for each species per sample were recorded to the nearest

gram.

Soils

Soil cores collected from each permanent plot were

analyzed for soil texture (grain size) and organic content

(percent dry weight loss on ignition). Samples from each

core were collected from the top 2 cm of the core in order

to analyze soil material accreted after dike breaching.

Sand tag cores (where available) were used for organic

content analysis. A second core was extracted and used

for grain size analysis in order to avoid polluting

samples with introduced sand. Methods detailed below

approximate those refined by Darienzo (1987).

Soil Texture. Samples were placed into a 600 ml

beaker and weighed. Distilled water was added and samples

were mashed with a rubber policeman to remove lumps.

Gross plant material (root and stem fragments) was

removed, with attached soil rinsed back into the beaker.

Samples were placed on a vented hotplate at 200° F and

treated with 20 ml of 30% hydrogen peroxide to further
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reduce soil clumping and dissolve organic material.

Samples were stirred occasionally until most frothing

ceased (about 1 hour) and were then set aside overnight.

The next day, samples were wet sieved through a

series of 3 sieves to remove any remaining coarse organics

and to separate the sand component from the silt/clay

component. A 991 micron sieve removed coarse organics, a

246 micron sieve isolated medium sands, and a 62 micron

sieve retained fine sands, allowing silt and clay to pass

into a large collection jar. Material from the latter

sieve was repeatedly mashed with a rubber policeman to

break down small clay clumps, and resieved.

The sand fraction was transferred from the sieve to a

small beaker, excess organic scum was floated of f the top,

and the sample was oven dried at 600 C. The silt/clay

fraction in the collection jar was candle-filtered to

remove excess water from sieving process, then transferred

to a beaker to oven-dry overnight. Dried samples were

weighed on a Mettler balance to the nearest mg and

percentages of sand and silt/clay were calculated.

Organic Content. Samples were collected from the top

2 cm of soil cores, avoiding surface litter and large

roots, and placed in crucibles in which they were oven-

dried at 100° C for 24 hours, then transferred to a

dessicator to cool. Dried samples were weighed, fired in

a furnace for 15 hours at 380° C, cooled again in a



dessicator, and re-weighed. Percent organic contact was

inferred from percent loss on ignition (LOl) determined

by:

W1 -W2
LOl (%) = X 100

where: W1 = oven dry weight precombustion
= oven dry weight postcombustion

Environmental Gradients and Vegetation-Environment
Relationships

All statistical analyses were performed with the

statistical program STATGRAPHICS. Vegetation-environment

relationships were tested using nonparametric procedures

because most of the data did not conform to a normal

distribution. Spearman Rank Correlation Coefficients

measure relative agreement or disagreement between two

variables and does not assume any particular underlying

data distribution. Simple regression was used only to

corroborate rank correlation results.
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RESULTS iD DISCUSSION

Ecological Status of Study Site in 1988

Vegetative Composition and Structure

Community Classification. Three plant communities

are identified in the study site. They are referred to by

community acronym as follows:

Carex lyngbyei CALY
Salicornia virginica - Distichlis spicata SAVI/DISP
Potentilla pacifica - Agrostis alba POPA/AGAL

The CALY community dominates the study site. Of 49

permanent plots subjected to community classification

analysis, 29 fall within the CALY community, while 8 are

assigned to the SAVI/DISP community and 6 to the POPA/AGAL

community. Six plots were transitional between these

plant communities. While these transitional plots are

assigned a "best fit" classification for mapping purposes,

they are excluded from analysis of community

characteristics. Strong spatial patterns are evident in

the distribution of communities over the study site

(Figure 6). Description and interpretation of these

community patterns is reported along with species patterns

in the following sections.

Species Cover and FrequencY. Mean percent cover and

percent frequency of study site species were analyzed for

the study site as a whole and within each plant community.
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Carex lyngbyei clearly dominates the study site in 1988

(Table 2). The overall dominance of Carex lyngbyei is due

not only to its widespread occurrence in the restoration

area as indicated above, but also to its nearly monotypic

dominance in the CALY community. Table 2 shows the

relative percent cover of key species within each

community. While each community has a few clearly

dominant species, only the CALY community is

overwhelmingly monotypic.

In Figure 7, detrended correspondence analysis (DCA)

scores for permanent plot samples, coded by plant

community assignment, show within- and between-community

similarity. The ordination indicates that the clustered

SAVI/DISP community is distinct yet relatively

heterogeneous; it is clearly separate from the other two

communities but samples are not tightly clustered. The

CALY community is more clustered and therefore more

homogenous, which is particularly evident in that 14

points represent 29 samples. However, the CALY community

grades into the POPA/AGAL community on both ordination

axes. The latter community is the least well defined of

the three communities. Eigenvalues for the two axes

represented on the plot account for 96% of the variation

in the samples.
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Figure 6. Distribution of 1988 plant communities in the
Salmon River estuary study site.
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Table 2. Mean percent cover/percent frequency of selected species
over study site and stratified by plant community.

PLANT COMMUNITY STUDY SITE

49

CALY POPA/AGAL SAVI/DISP
(n=29) (n=6) (n=8) (N = 49)

Carex lyngbyei 98/100 4/33 4/38 67/82

Juncus balticus 1/21 46/67 07/27

Potentilla paciuica 2/24 43/100 09/41

Agrostis alba 67/100 09/29

Atriplex patula <1/50 <1/50 <1/24

Hordeum brachyantherum 6/67 01/18

Distichlis spicata 69/100 12/24

salicornia virginica 44/75 10/18

Triglochin maritimum 3/38 <1/08



Figure 7. Ordination of permanent plots coded by plant
community. The distance between plots represents their
degree of similarity or difference based on floristic
composition.
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Environmental Characteristics and Vegetation/Environment
Relationships

The following environmental characteristics were

sampled and analyzed for each permanent plot:

Elevation (NGVD and tidal);

Soil texture;

Soil organic content;

Soil-water salinity.

Table 3 presents the summary descriptive statistical

profiles of the data (mean, standard error, and range) for

each environmental characteristic of the study site and by

plant community. Complete data for each plot is in

Appendix C. This information is used to relate floristic

data to the environmental characteristics.
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Table 3. Environmental attributes of study site and plant communities - summary data'

PLANT COMMUNITY STUDY SITE

source data: Appendix C
NGVD meters
standard error in parentheses
meters above MLLW
ppt (recorded in late summer)
inorganics were separated into sand and silt/clay fractions

ENVIRONMENTAL
ATTRI BUTE

CALY SAVI/DISP POPA/AGAL

Elevationb
n 29 8 6 49

mean 1.20 (0.0l)c 1.22 (0.03) 1.38 (0.05) 1.23 (0.01)

range 1.09 - 1.40 1.06 - 1.32 1.26 - 1.55 1.06 - 1.55

Tidal Elevation4
n 29 8 6 49

mean 1.15 (0.01) 1.17 (0.03) 1.33 (0.05) 1.18 (0.01)
range 1.04 - 1.35 1.01 - 1.27 1.21 - 1.50 1.01 - 1.50

Soil Characteristics:
Soil-water salinit?

n 29 8 5 48

mean 30.0 (0.81) 41.0 (2.53) 29.9 (3.29) 32.1 (0.96)
range 23.0 - 37.5 36.0 - 57.5 22.0 - 39.5 22.0 - 57.5

Organic content (%)
n 29 8 5 48

mean 34.82 (1.80) 35.37 (2.44) 46.78 (4.72) 36.94 (1.53)
mm-max 15.45 - 60.05 28.13 - 49.18 33.94 - 60.42 15.45 - 62.89

Textures - sand (%)
n 29 7 4 47

mean 1.80 (0.31) 9.44 (3.29) 3.53 (1.95) 3.12 (0.67)
mm-max 0.0 - 6.8 3.5 - 27.6 0.9 - 9.2 0.0 - 27.6
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Elevation. Permanent plot elevations were surveyed

and registered to a National Geodetic Vertical Datum

(NGVD) bench mark. NGVD elevations were converted to

tidal elevations based on tidal measurements conducted by

Mitchell (1981) in 1978 - 1979. Table 4 presents the

relationship between the two datums, and both datums are

included in Tables 3 and 5. Tidal elevations are an

important reference point due to the critical role of

tidal frequency and duration on daily and seasonal salt

marsh processes.

Elevational variation over the study site is less

than half a meter (0.49 m), and the elevation range

(1.01 - 1.50 m above MLLW) lies within the intertidal to

mid-transitional marsh zones (Tables 3 and 5) as described

by Mitchell (1981). Figure 8 shows the topography of the

study site and controls. Three patterns are evident:

There is a gentle slope from the Salmon River toward

the upland (north and northeast), as would be expected;

There is a lower, relatively flat region at the

southeast end of the study site and another near the

middle. These areas coincide with the areas of greatest

tidal exchange and tidal creek development (Figure 3);

The narrow, northwest portion of the study site

exhibits less elevation range (1.20 and 1.32 m NGVD) and

lies entirely within the low transitional zone.



Table 4. Salmon River tidal datums.

MLLW 0.0 0.05

MLW 0.06 0.11

MTL 0.58 0.63

MHW 1.13 1.18

NHHW 1.34 1.39

* Source: Mitchell, 1981

Table 5. Elevation zones surveyed in 1978 and 1979 in the
Salmon River study area (after Mitchell, 1981).
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Elevation Range

NGVD (in) MLLW (in)

Elevation Zone

0.96 - 1.18 0.91 - 1.13 Intertidal

1.19 - 1.35 1.14 - 1.30 Low-Transitional

1.36 - 1.55 1.31 - 1.50 Mid-Transitional

1.56 - 1.75 1.51 - 1.70 High-Transitional/Extratidal

1.76 - 2.15 1.71 - 2.10 Extratidal

Tidal Datum Elevation Elevation
*(meters above MLLW) (meters NGVD)



Figure 8. Topography of study site and flanking controls
in 1988 in NGVD meters; contour interval 5.0 cm.
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Comparison of study site topography (Figure 8) with

study site plant communities (Figure 6) indicates that

while the CALY and SAVI/DISP communities occupy similar

elevational ranges, the POPA/AGAL community occurs at

higher elevations. Figure 9 illustrates the elevational

distribution of each plant community. The mean elevations

of the CALY and SAVI/DISP communities both fall within the

low-transitional marsh zone, while the mean elevation of

the POPA/AGAL community falls within the mid-transitional

zone (Tables 3 and 5). The ordination of permanent plots

coded by plant community (Figure 7) suggests that DCA axis

2 reflects an elevational gradient. Using Spearman's rank

correlation to test the relationship between DCA axis 2

scores and elevation, I found that plots were moderately

correlated (r=0.61, p=0.000) with elevation.

Figure 10 illustrates the elevational distribution of

key species independent of their abundance. As dominants,

their distributions are very similar to the communities

they represent (Figure 9). However, the POPA/AGAL

community is higher (mean = 1.33 m) than the means for the

individual species (mean = 1.25 in). Figure 10 shows the

virtually identical elevational distribution of Potentilla

pacifica and Agrostis alba, both of which intergrade

extensively with Carex lyngbyei (Appendix D).

I applied Spearman's rank correlation to test the

association of key species with elevation. There is a
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significant positive correlation between elevation and

Potentilla pacitica (r=O.6O2, p=O.000) and Agrostis alba

(r=O.489, p=O.00l). There is a weak negative correlation

between elevation and Carex lyngbyei (r= -0.418, p=O.O04),

and no significant relationship to elevation for either

Distichlis spicata or Salicornia virginica.
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Figure 9. Elevation distribution of plant communities.
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Figure 10. Elevation distribution of selected species.
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Soil Organic/Inorganic Matter. Figure 11 maps the

distribution of percent soil organic matter (loss on

ignition) over the study site based on analysis of soil

cores extracted from the permanent plots. The map

suggests a relationship between percent organic matter and

elevation; organic matter increases toward the upland, and

there are pockets of lower percentages of organic matter

in the same two areas of lower elevation that were

associated with high creek density (compare Figure 11 with

Figures 8 and 3). Higher percentages of inorganic matter

vs. organic matter appear to be associated with greater

tidal exchange. Where tidal exchange is greater, more

inorganic sediments are deposited and organic material is

removed. Figure 12 shows a moderate (r=0.5l, p=0.001)

correlation between percent organic matter and elevation

(Spearman's rank correlation).

Percent soil organic content by conununity is given in

The POPA/AGAL community is higher in percent organic

matter, consistent with its higher elevational occurrence

and diminished tidal exchange.



61

Figure 11. Percent soil organic content, based on loss on
ignition from 49 permanent plot samples.



Figure 12. Relation between organic content of soil
(percent loss on ignition) and elevation based on
permanent plot data.
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Soil Texture. Figure 13 shows that the downstream

(northwest) portion of the study site is generally sandier

than the upstream portion. This is consistent with what

one might expect due to the estuarine position of the

study site. The downstream portion is exposed to the

sandbar at the estuary mouth, while the upstream portion

is more exposed to silty riverine sediments than to marine

sands. Peterson et al. (1984) demonstrate this spatial

relationship in their analysis of Salmon River sediments.

During lab analysis, soil inorganics were separated

into sand and silt/clay particle size fractions. Table 3

gives the mean, standard error, and range of the sand

component for the overall study site and for each plant

community. Sandy soils appear to be associated with the

SAVI/DISP community and siltier soils with the CALY

community. Results of Spearman's rank correlation (Figure

14) confirm that percent sand is weakly correlated with

DCA Axis 1 scores (r=O.35, p=O.Ol8).

By correlating percent sand with species, I found a

moderate positive correlation between sand and both

Salicornia virginica (r=O.48, p=O.001) and Distichlis
spicata (r=O.56, p=O.000), the dominant species of the

SAVI/DISP community. Carex lyngbyei shows a weak negative

correlation with percent sand (r= -0.42, p=O.005). There

is no statistical relationship between either Potentilla

pacifica or Agrostis alba and percent sand.
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Figure 13. Soil texture over study site in 1988 expressed
as percent sand of inorganic component of soil. Values
are based on analysis of soil cores from permanent plots.



Figure 14. Relationship in 1988 between pernianent plots,
based on DCA axis 1 scores, and percent sand. Plots are
coded by plant community assignment.
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Soil-water Salinity. Figure 15 shows the soil-water

salinity pattern over the study site in 1988, in late

summer (September 7-8) when maximum salinities are

expected (Jefferson 1975). The mean salinity was 32.1 ppt

(s.e. 0.96) with a range from 22.0 to 57.5 ppt (Table 3).

An anomalously high salinity of 57 ppt occurred at plot

5205.4 (Appendix C). This anomalous plot was associated

with a panne; it also exhibited high sand content, low

elevation, and very low live vegetation cover and biomass.

As expected, the higher salinity values are concentrated

in the downstream, more marine portion of the study site

where the SAVI/DISP community predominates and lower

values are found upstream in the CALl community area,

which is more exposed to riverine circulation.

I applied Spearman's rank correlation to test the

apparent relationship between plant communities as

indicated by DCA Axis 1 scores and salinity. Permanent

plots are moderately correlated (r=0.53, p=0.0003) with

salinity. Figure 16 shows a clustering of SAVI/DISP

community plots at higher salinity levels, with CALl and

POPA/AGAL community plots associated with lower salinity.

Similarly, by correlating salinity with dominant

species, I found a moderate positive correlation between

salinity and both Salicornia virginica (r8=0.59, p0.002)

and Distichlis spicata (r=0.66, p=0.000). Carex lyngbyei



shows a weak negative correlation with salinity

(r3= -0.423, p=O.0O3). Agrostis alba and Potentilla

pacifica also show a weak negative association with

salinity, but it is not statistically significant.
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Figure 15. Interstitial soil-water salinity (ppt) over
study site in 1988, based on soil samples taken at each
permanent plot. Exceptionally high value at northeast
portion of study site is an anomaly associated with a
panne. Measurements taken September 7-8.
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Figure 16. Relationship in 1988 between permanent plots,
based on DCA .axis 1 scores, and salinity. Plots are coded
by plant community assignment. Anomalous value is
associated with a panne.



Trends Over Restoration Period: 1980 1984 1988

Compositional Chanqes

In 1988 I resampled permanent plots established by

Mitchell in 1978 in order to track changes in vegetation

over the ten year restoration period, Original data

collected by Mitchell in 1978, 1980 and 1984 was analyzed

along with data collected in 1988. In this section I

discuss changes in species cover and frequency and

behavior of residual and colonizing species. I analyze

and discuss the changes from two perspectives: (a) the

overall study site; and (b) permanent plots stratified by

their 1988 community classification. The latter approach

helps to reveal the changes and patterns that led to the

development of plant communities identified and described

above.

Cover and Frequency. Table 6 and Figure 17 summarize

the mean percent cover and percent frequency changes of

major species over the restoration period for the entire

study site. Carex lyngbyei, the dominant species in 1988,

was a relatively minor component in 1980, two years after

dike breaching. By 1984 it was rapidly colonizing the

study site, by far the most successful species (Figure

17). This trend continued to 1988, though less

dramatically. Residuals Potentilla pacitica and Agrostis

alba, the dominant species in 1980, declined over the
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first four years of the restoration period, leveling of f

by 1988. Distichlis spicata (absent in 1980) and

Salicornia virginica increased in importance by 1984, with

no appreciable change since then. Juncus balticus, a

residual species, appears to have been unperturbed by the

restoration process.

a Important species criteria: mean cover > 5% or frequency > 20%
Complete species list in Appendix A

P = less than 1% cover

Table 6. Mean percent cover/percent
over restoration period: 1980, 1984,

frequency of importanta species
1988

SPECIES 1980 1984 1988
(n=49) (n=48) (n=49)

Agrostis alba 23/67 15/59 09/29

Atriplex patula 14/77 P/02 P/24

Carex lyngbyei 03/29 51/71 67/82

Distichlis spicata 08/27 12/24

Juncus balticus 05/38 07/27 07/27

Potentilla pacifica 15/58 10/57 09/41

Salicornia virginica 04/40 11/33 10/18

Spergularia marina 07/42 P/06 -

Triglochin maritimum P/b 02/20 P/08
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Figure 17. Cover trend of selected study site species,
1980 to 1988. (N = 49 1m2 plots)
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Table 7 shows changes in species cover and frequency

in permanent plots stratified by 1988 community

assignment. Within the CALY community, Carex lyngbyei,

Juncus balticus, and Salicornia virginica had virtually

identical cover and frequency in 1980. Aqrostis alba and

Potentilla pacifica were also well-represented. By 1984,

Carex was clearly the dominant species, well on the way to

the near monoculture evident by 1988 (Figure 18). It is

the only community of the three that has become less

diverse over time. This loss of diversity in vascular

species is attributed to the preemption of resources by

this very successful rhizomatous species.

Within the SAVI/DISP community, doniinants Salicornia

virginica and Distichlis spicata exhibit very different

trends. Salicornia was well-established by 1980, having

colonized bare ground after pasture species mortality, and

its percent frequency remains relatively constant over the

eight-year period; its percent cover increase between 1980

and 1984 may be due to growth of individuals established

in 1980 or to differences in observer estimates of cover.

In contrast, Distichlis is not present in 1980; by 1984 it

is co-dominant with Salicornia and its percent cover

doubles between 1984 and 1988, surpassing Salicornia in

both cover and frequency (Table 7 and Figure 19).

Residuals Potentilla pacifica and Agrostis alba are

co-dominants of the POPA/AGAL community throughout the
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eight-year period, with only minor differences in cover

(Figure 20) and frequency. Cover of Juncus balticus has

increased gradually in this community.

Stratification of plots based on 1988 communities

reveals another trend that may merit attention in the

future. Carex lyngbyei may be gradually encroaching upon

the SAVI/DISP and POPA/AGAL plant community plots (Table

7). Carex was not present in either community in 1980,

but by 1984 was found in small measure in the POPA/AGAL

community and by 1988 comprised 4 percent cover in both

the POPA/AGAL and SAVI/DISP communities, with 33 and 38

percent frequency, respectively.



Table 7. change in mean percent cover/percent frequency of selected
species, plots stratified by 1988 plant communities.

CALY COMMUNITY (n = 29)

Carex lyngbyei
Agrostis alba
Juncus balticus
Potentilla pacifica
Salicornia virginica
Deschampsia cespitosa
Atriplex patula
Spergularia marina
Cotula coronopifolia
Puccinellia pumila
Distichlis spicata

SAVI/DISP COMMUNITY (n =

Salicornia virginica
Potentilla pacifica
Hordeum brachyantherum
Spergularia marina
Juncus balticus
Atriplex patula
Distichlis spicata
Deschampsia cespitosa
Triglochin maritimum
Carex lyngbyei
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1980 1984 1988

4/45 79/100 98/100
23/79 10/62 <1/21
4/41 7/28 1/21

13/55 8/55 2/24
4/45 5/24 <1/3
2/17 1/7 <1/3
13/72 - <1/7
9/59 - -

<1/7 - -

1/14 - -
- 1/17 <1/7

8)

12/86 40/88 44/75
4/43 1/25 <1/38
3/29 2/25 <1/13

11/29 2/25 -

3/29 1/25 -
15/71 - 1/50

- 33/75 69/100
- 4/38 <1/38
- 4/38 3/38
- - 4/38

6)

35/100 42/100 43/100
67/83 52/100 67/100
13/50 24/50 46/67
14/17 6/17 6/67
13/83 - <1/50

- 2/17 4/33

POPA/AGAL COMMUNITY (n =

Potentilla pacifica
Agrostis alba
Juncus balticus
Hordeum brachyantherum
Atriplex patula
Carex lyngbyei
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Figure 18. Cover trend of selected study site species
within plots assigned to CALY community in 1988. (n = 29)
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Figure 19. Cover trend of selected study site species
within plots assigned to SAVI/DISP community in 1988.
(n=8)
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Figure 20. Cover trend of selected study site species
within plots assigned to POPA/AGAL community in 1988.
(n= 6)
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Residuals and Colonizers. Much of the pattern of

species changes described above can be elucidated by

whether the species: (a) occurred on the study site prior

to dike breaching and persisted as a residual species over

portions of the study site; or (b) did not occur on the

site prior to dike-breaching (or comprised a minor

component), but colonized newly-barren areas after dike

breaching restored tidal inundation, killing most pasture

species. Mitchell assigned species to residual,

colonizer, and upland species groups based on their

presence and behavior prior to and after dike-breaching

(Table 8). I do not include upland species in this

discussion, as these were pasture species suffering

complete mortality after tidal connection was re-

established.

Table 9 and Figure 21 trace the behavior of residuals

and colonizers over the study site. Over the ten-year

restoration period there is significant replacement of

residual and upland species by colonizer species. In

1978, residuals as a group comprised 93 percent cover and

colonizers as a group comprised 0 percent cover. By 1988,

colonizers had a mean cover of 91 percent and residuals

had been reduced to a mean cover of 26 percent. Figure 21

also illustrates the relationship between bare ground and

colonization by species tolerant of saline and/or

inundation conditions. In 1980, one year after



Table 8. Residual and colonizing species identified on
the study site, 1979 - 1980a
N = 410 20x50 cm samples and 49 1 in2 samples
* = occurred in 1 in2 permanent plots and used in analysis

RESIDUAL SPECIES:
*Agrostis alba
Eleocharis palustris
*Hordeum bra chyan therum"
*Juncus balticus"
Oenan the sarmentosa
*Potentilla pacifica

occidentalis
Tritolium wormskj oldii

COLONIZING SPECIES:
*Atriplex patula
*Carex lyngbyei
*Cotula coronopitolia
*Deschampsia cespitosa
*Distichlis spicata
*Puccinellia pumila
*SalicOrnia virginica
Scirpus cernuus

*Spergul aria marina
macrotheca

*Trjglochjn maritimura

a Species assigned to residual, upland, and colonizer
groups by Mitchell (1981) based on 1978-1980 behavior

b Species is residual on study site but frequently
colonizes plots; it is treated as a residual for
analytical purposes
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a also behaves as colonizing species

1978 1980 1984 1988

RESIDUAL SPECIES:
Agrostis alba 44/88 23/67 15/59 9/29
Potentilla pacifica 45/69 15/58 10/57 9/41
Hordeum brachyantheruma 2/16 4/17 2/18 1/18
Juncus balticusa 2/16 5/38 7/27 7/27

RESIDUAL MEAN % COVER: 93 47 34 26

COLONIZING SPECIES:
Atriplex patula - 14/77 <1/2 1/24
Carex lyngbyei - 3/29 51/71 67/82
Cotula coronopifolia - <1/4 <1/2 -
Deschampsia cespitosa - 1/10 1/10 <1/10
Distichlis spicata - 8/27 12/24
Puccinellia pumila - 1/8 - -

Salicornia virginica 4/40 11/33 10/18
spergularia marina - 7/42 <1/6 -
Triglochin maritimum - 1/10 2/20 1/8

COLONIZING MEAN % COVER: 0 31 74 91

BARE GROUND % COVER: 0 40.3 3.6 0
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Table 9. Mean percent cover/percent frequency trend of residual and
colonizing species, and trend in percent bare ground, 1978 - 1988
N = 49
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Figure 21. Relative mean percent cover of bare ground,
residual species and colonizer species over the ten-year
restoration period. (N = 49)
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dike-breaching, bare ground reached a maximum of 40.3

percent cover; residuals were reduced accordingly byabout

half (from 93% to 47% cover), and colonizers had reached

31 percent cover. By 1984, five years after tidal

restoration, bare ground was nearly gone and colonizers

dominated the study site, a trend that continued to 1988,

though at a reduced rate as available habitat became

filled, mostly by colonizer species.

Residual species are largely represented by

Potentilla paciffica and Agrostis alba, which exhibit a

very similar pattern of cover and frequency change from

1978 to 1988 (Table 9 and Figure 17). This is very likely

a result of their nearly identical elevational range

(Figure 10) and response to salinity. After dike---

breaching, the annual Hordeum brachyantherum shows no

apparent change in cover or frequency, and Juncus balticus

cover increases slightly.

Colonizing species are dominant in 1988 and in Table

10 I have distinguished two groups of colonizers based on

their different behavior and trend over the restoration

period. Ephemeral species colonized newly-exposed

mudflats in the first two years after dike removal, but

declined by 1984 and disappeared entirely by 1988.

Spergularia marina is the only species which comprised a

significant component of the 1980 vegetation (42%

frequency), although Cotula coronopifolia and Puccinellia



Table 10. Mean percent cover/percent frequency trend of ephemeral
and persistent colonizers, 1980 to 1988.

EPHEMERAL COLONIZERS:
Cotula coronopifolia
Puccinellia pumila
Spergularia marina

PERSISTENT COLONIZERS:
Carex lyngbyei
Distichlis spicata
Salicornia virginica
Deschampsia cespitosa
Triglochin maritimum
Atriplex patula
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pumila were important locally (Mitchell 1981). Persistent
species also colonized newly-exposed mudflats and

increased in importance through the ten-year restoration

period, or at least persisted. In 1988, persistent

colonizers remain as either minor or major components of

the study site vegetation. Atriplex patula was the most

abundant colonizer in 1980 (14% cover; 77% frequency), but

has declined in importance since. This species is

unlikely to drop out entirely; it should maintain its

presence in disturbed sites at the upper margins of the

study site. Deschampsia cespitosa and Triglochin

rnaritimum exhibit very similar patterns - they have

remained minor and relatively stable components of the

study site vegetation. Carex lyngbyei, Salicornia

virginica and Distichlis spicata are the major persistent

colonizers, having progressively increased over the years.

They are dominant study site species by 1988.

N = 49

1980 1984 1988

<1/4 <1/2
1/8 -
7/42 <1/6

3/29 51/71 67/82
- 8/27 12/24

4/40 11/33 10/18
1/10 1/10 1/10
1/10 2/20 1/08

14/77 <1/2 <1/24
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The 1988 plant communities reflect the residual and

colonizer species trends described above. Table 11

smmnarizes these patterns. Both the CALY community and

the SAVI/DISP community occupy lower elevations of the

study site than does the POPA/AGAL community (see also

Figure 9). These lower elevation plots were most affected

by the restoration of tidal inundation, suffered the most

mortality of pasture species and residual species

(exposing a substantial amount of bare ground by 1980),

and were repopulated almost entirely by colonizers. The

CALY community was colonized equally in 1980 by Carex

lyngbyei and Salicornia virqinica (Table 7), but

Salicornia virginica diminished substantially by 1984 and

was nearly absent by 1988. In contrast, Salicornia

virg-inica was the only persistent colonizer of the

SAVI/DISP community; Carex lyngbyei was insignificant if

not absent.

The POPA/AGAL community persists at the higher

elevations of the study site. Less affected by dike

removal, these plots never had an appreciable amount of

bare ground exposed, contain only a minor representation

of colonizer species (Atriplex patula and Carex lyngbyei),

and exhibit a nearly three-fold increase in residual

species (Agrostis alba and Potentilla pacifica) tolerant

of somewhat saline and occasionally inundated conditions.

These residual species expanded at the expense of the



upland species which died out as a result of dike

breaching.

Table 11. Summary of residual and colonizing species group trends;
permanent plots stratified by 1988 plant communities.

M above MLLW

Figures 22 - 24 show species changes for each of the

three 1988 plant communities. Each figure consists of

three photographs taken of a "core" community plot in

1980, 1984 and 1988. A "core" plot is one that best

exemplifies the vegetative composition of that community.

PLANT COMMUNITY

Residuals Mean % Cover
1978 98 92 60
1980 36 8 129
1984 18 5 124
1988 2 <1 162

Colonizers Mean % Cover
1980 34 38 13

1984 89 83 2

1988 100 121 4

Bare Ground Mean % Cover
1980 44 65 0
1984 0 21 0

1988 0 0 0
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CALY SAVI/DISP POPA/AGAL
(n=29) (n=8) (n=6)

Elevation Rangea 1.04 - 1.35 1.01 - 1.27 1.21 - 1.50



Figure 22. Change in vegetation conpDsition of the CZ\LY
conirnunity over restoration period as expressed in a core

(i.e., typical) plot (5102.3) representing the plant
cormiunity. Photographs taken in 1980, 1984 and 1988.
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Figure 23. Change in vegetation composition of the
SAVI/DISP community over restoration period as expressed
in a core (i.e., typical) plot (5206.3) representing the
plant community. Photographs taken in 1980, 1984 and 1988.
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Figure 24. Change in vegetation comsition of the
POPA/NL comunity over restoration period as expressed
in a core (i.e., typical) plot (5102.1) representing the
plant community. Photographs taken in 1980, 1984 and 1988.



Functional Changes

Functions frequently associated with marshes include

such services as wildlife and fish habitat, flood control,

water quality improvement, and primary production for food

web support. Most of thesefunctional values were not

assessed in this study. Peak standing biomass is an

indicator of above-ground net primary productivity (Kibby

et al. 1980). I assessed changes in this limited measure

of marsh function by sampling peak standing biomass at

each permanent plot. Results are given for the study site

as a whole, for key species, and for each community.

Table 12 shows the 10-year trend in total biomass

from 1978 (pre-restoration) to 1988. The pasture peak

biomass of 758 g/m2 dropped to 215 g/m2 in 1980, the year

of maximum bare ground resulting from mortality of pasture

species. By 1984, biomass had recovered, and by 1988 had

more than doubled (117% increase) over previous pasture

biomass levels.

Table 12. Trend in total mean dry biomass in g/m2 from 1978 to 1988.

90

1978 1980 1984 1988 Percent Increase
(n=49) (n=49) (n=47) (n=49) 1978 - 1988

Mean 758 215 739 1645 117

se 39 40 53 47
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Table 13 and Figure 25 show biomass trends for

individual species over the entire study site from 1980 to

1988. As would be expected, most of the 1980 biomass was

contributed by the residual species Agrostis alba and

Potentilla pacifica. The mean biomass of these two

species has changed very little over the restoration

period, with a slight shift in favor of Agrostis alba. By

1984, the persistent colonizers Distichlis spicata,

Salicornia virginica, Triglochin rnaritirnum and especially

Carex lyngbyei were making significant biomass

contributions, and all but Triglochin maritimum had

increased dramatically by 1988.

Table 14 and Figure 26 compare the biomass trend of

plant communities (includes all species). As with

individual species, the colonizer communities (CALY and

SAVI/DISP) exhibit a dramatic increase over low 1980

biomass levels. However, unlike the species trends

described above where dominant residuals Agrostis alba and

Potentilla pacitica remain fairly stable over time, the

POPA/AGAL community shows a biomass increase of 158

percent. Within the POPA/AGAL community, the residuals

Agrostis alba, Potentilla pacifica and Juncus balticus

show significant increases in standing biomass, suggesting

that restoration "rejuvenated" the community. By 1988,

all three communities exhibit quite similar peak standing

biomass levels.
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Table 13. Biomass trend of selected species over study site,
expressed as mean dry grams/meter2 of standing biomass (standard error
in parentheses).
* = less than 1 gram/meter2

1980
(n=49)

1984
(n=47)

1988
(n=49)

Agrostis alba 126 137 146
(34) (40) (56)

Atriplex patula 7 * 7

(3) (5)

Carex lyngbyei * 431 996
(67) (104)

Distichlis spicata 0 34 96
(17) (31)

Hordeum brachyantherum 14 2 4

(9) (2) (4)

Juncus balticus 10 28 79
(7) (14) (27)

Potentilla pacifica 46 32 30
(13) (12) (13)

Salicornia virginica 5 49 116
(3) (17) (42)

Triglochin maritimum * 18 35
(9) (24)
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Figure 25. Biomass trend of selected species over study
site, 1980 to 1988, expressed as mean dry g/m2 standing
biomass.
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a * = less than 10 g/m2 over study site
b Standard error
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Table 14. Biomass trend of plant communities and selected species
within each plant community, expressed as mean g/m2 dry standing
biomass.

1980 1984 1988

CALY Community (n=29) (n=29) (n=29)

Carex lyngbyei *a 637 1477
Agrostis alba 121 42 50
Distichlis spicata 0 * 22
Juncus balticus * 17 31
Potentilla pacilica 28 15 *

Salicornia virginica * 17 *

Triglochin maritimum * 18 0

Community total (all species) 163 (44)b 752 (65) 1631 (40)

SAVI/DISP Community (n = 8) (n=7) (n=8)

Salicornia virginica 31 187 464
Distichlis spicata 0 178 488
Agrostis alba 0 97 *

Carex lyngbyei 0 0 24
Juncus balticus * 0 111
Potentilla pacifica 22 * *

Triglochin maritimum 0 46 217

Community total (all species) 100 (33) 524 (85) 1569 (197)

POPA/AGAL Community (n = 6) (n = 5) (n = 6)

Potentilla pacifica 143 166 232
Agrostis alba 439 560 940
Juncus balticus 69 158 350
Hordeum brachyantherum 29 17 0
Carex lyngbyei 0 0 22

Community Total (all species) 692 (97) 978 (158) 1786 (190)
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Figure 26. Biomass trend of all species within each plant
community from 1980 to 1988, expressed as mean g/m2 dry
standing biomass. Each community, including the residual
POPA/AGAL community, exhibited a steady increase in
biomass over the restoration period.

1980 1984 1988
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Biomass contribution to the estuarine ecosystem may

have more functional significance than does standing

biomass. Controlling factors include net primary

productivity, seasonal mortality, flux in dissolved and/or

particulate organic matter, and tidal position. No

attempt was made during this study to measure biomass

contribution to the estuary. It is likely, however, that

Carex lyngbyei makes a relatively important contribution

because of its high standing biomass which dies back

annually, and because the CALY community occupies a low

tidal position, facilitating frequent and thorough

seasonal removal of vegetative matter by tidal action.



SUMMARY AND CONCLUSIONS

Summary

In 1978, a 22 ha diked pasture on the north shore of

the Salmon River estuary in Oregon was restored to tidal

influence through partial dike removal and reconnection of

tidal creeks. The goal was to re-establish the original

salt marsh. The pasture had been diked for 17 years and

upland pasture species dominated the site. The site had

also subsided by 30-40 cm relative to surrounding, undiked

high salt marsh. Mitchell (1981) conducted a baseline

restoration study from 1978 to 1980. My followup study

evaluates the restoration process through 1988 - ten years

after restoration commenced. At the outset, I posed four

questions as study objectives: (1) what is the status of

the restoration site at year ten (1988); (2) what

vegetative dynamics led to the development of 1988

vegetation composition and plant communities; (3) what are

the environmental factors influencing restoration results;

and (4) is the site restored, or if not, what is the

prognosis for successful restoration?

With restoration of tidal influence, there was a

rapid die-off of pasture species. Potentilla pacifica and

Aqrostis alba, prominent components of the pasture

community, remained as residual species at the higher

97
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tidal elevations but diminished or disappeared at lower

elevations (Mitchell 1981). Unvegetated soil was most

extensive in 1980 (Ca. 40% cover) as dead pasture plant

material was removed by tidal action. These bare flats

were revegetated by colonizing plant species that were

mostly absent in 1978, but comprised 31% cover by 1980 and

91% cover by 1988.

In 1981, Mitchell posed two questions regarding salt

marsh colonizers: (1) how long would aggressive annuals

(Sperg-ularia marina, Atriplex patula, and Cotula

coronopi.folia) persist in "unnaturally" high densities;

and (2) would they be replaced by more slowly spreading

species like Carex lynqbyei, Triglochin maritimum and

Salicornia virginica?

Based on their behavior over the ten-year period, two

groups of colonizers - ephemeral and persistent - were

differentiated. Ephemeral colonizers Spergularia marina,

Puccinellia pumila and Cotula coronopifolia never became

abundant and did not persist, disappearing completely by

1988. Atriplex patula, the major colonizer in 1980,

declined by 1984, but remained as a widespread, minor

component of the flora in 1988, particularly at upper

elevations in disturbed locations.

Persistent colonizers Salicornia virginica and Carex

lyngbyei gradually replaced ephemeral colonizers, and both

were dominant species by 1988. Triglochin maritimum has
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remained at a constant, low level. Distichlis spicata,
absent in 1980, was a significant component by 1984.

Carex lyngbyei clearly dominates the study site in 1988,

both as a species (67% cover) and as the dominant in a

nearly monotypic community.

The behavior of residuals and colonizers are clearly

expressed in the 1988 plant communities. The POPA/AGAL

community is dominated by the residuals Potentilla
pacifica and Agrostis alba. Juncus balticus is also an

important component. The POPA/AGAL community occupies the

higher (mid-transitional) tidal elevation zone, as would

be expected, and both species are positively correlated

with elevation. The CALY community and SAVI/DISP

community are colonizing communities which occupy very

similar elevational ranges within the low-transitional

marsh zone. The CALY community is the only community

becoming less diverse over time; by 1988 it is a nearly

monotypic (98% cover; 100% frequency) stand of Carex

lyngbyei.

Changes in vegetation were rapid following dike

breaching and the plant communities described in 1988 were

well established by 1984. While there were substantial

compositional changes between 1984 and 1988, the changes

tended to strengthen rather than alter the community

patterns established by 1984. Barring an abrupt and

unexpected environmental alteration, such as an



earthquake-induced change in sea level or substantial

change in salinity, I would expect the 1988 community

patterns to be quite stable over time, with only minor

shifts in species composition.

Surface elevation is a critical control on tidal

marsh hydrology, and very minor differences can have a

significant effect on vegetation. The elevational

variation over the study site is less than half a meter,

yet elevation-controlled zonation has begun to develop, as

indicated by the distribution of the POPA/AGAL community.

Mitchell predicted that the site would be restored to low

rather than high salt marsh due to marsh surface

subsidence while diked. Both the widespread CALY and

SAVI/DISP communities in the restoration area are low

elevation salt marshes, supporting her contention.

Although the CALY and SAVI/DISP communities occupy a

very similar elevational range, the SAVI/DISP community is

confined to the downriver portion of the restoration site

while the CALY community dominates the upriver two-thirds

of the site. Therefore, the SAVI/DISP community occurs in

closer proximity to the ocean and sand spit at the mouth

of the estuary, and sample plot soils are significantly

more sandy and more saline than are CALl community plot

soils. Both Salicornia virginica and Distichlis spicata

are positively correlated with percent sand and salinity;

100
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Carex lyngbyei is negatively correlated with sand and

salinity. These results indicate that while tidal

elevation is a critical controlling factor on salt marsh

plant community development, salinity and soil texture

will also influence species composition. It is likely

that potential vegetation at a restoration site can be

reasonably well predicted by considering these three

environmental factors along with proximity of propagules.

As a partial measure of a single salt marsh function,

peak standing biomass was analyzed as an indicator of

primary productivity. The 1988 biomass of the restored

marsh was more than double that of the 1978 pasture

biomass, reflecting a 117 percent increase. Of all

species, Carex lyngbyei was the most important individual

biomass contributor in 1988, with a mean of 996

granis/meter2. All three plant communities showed a

substantial increase in biomass over the restoration

period.

Conc lus ions

The objective of the U.S. Forest Service with respect

to the estuarine component of the Cascade Head Scenic

Research Area was "... the revitalization and restoration

of the Salmon River estuary and its associated wetlands to
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a functioning estuarine system free from the influences of

man. It should be rehabilitated to its condition prior to

the existing diking and agricultural use" (USDA Forest

Service 1976).

As with the restoration objective stated above,

commonly stated general goals are to restore a site to its

pre-impact condition. Based upon the results of this

study, however, I believe it is important to make a

distinction between restoring a site to a certain

functioning ecological system (in this case a dynamic salt

marsh) and restoring a site to its pre-impact conditions.

The distinction is crucial to whether or not a project is

judged a "success."

This study suggests that the diked pasture has been

successfully restored to a functioning salt marsh system.

Tidal circulation has been effectively re-established and

the restoration site is accreting with the deposition of

riverine and marine sediments (Frenkel and Morlan 1990).

Natural Pacific Northwest salt marsh plant communities are

well established, and based on high standing biomass

production, the restored and revitalized marsh is highly

productive. Much of the plant material is exported to and

enhances the productivity of the estuarine system (Eilers

1975). I did not sample other ecological services, but

observed regular use of the marsh by birds and mammals.
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Numerous juvenile fish, including salmonids, use the

reconnected tidal creeks.

If restoration success is judged solely on attainment

of pre-impact conditions, the site has not been

"successfully" restored nor is it likely that "pre-impact"

conditions will ever be fully replicated. From her

studies in southern California, Zedler (1984) concludes

that many disturbances are essentially irreversible and

that the inherent dynamic nature of wetland ecosystems

makes restoration to a pristine state an impossible goal.

Results of the Salmon River study lead to a similar

conclusion. Even in the relatively unaltered Salmon River

estuary, human activity in the watershed and the estuary

have significantly altered natural processes and pre-

impact conditions are not well known.

In particular, altered (lowered) marsh surface

elevation as a result of diking has had a major effect on

restoration results and will continue to exert a strong

influence on hydrology and vegetation. Plant species and

communities that developed on the study site reflect tidal

elevation differences as small as 18 cm. Due to

subsidence, the study site is 34.9 cm lower than

surrounding "natural" salt marsh, and while it is

accreting at an accelerated rate relative to surrounding

undiked salt marshes, the accretion rate is likely to

decrease as surface elevation increases. In the meantime,
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surrounding salt marshes, being dynamic systems, are also

changing. It is therefore unrealistic to expect the

restoration site to exactly replicate either poorly known,

pre-existing conditions or the surrounding, more "natural"

salt marshes.
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Appendix A. Plant species lista for Salmon River salt
marsh restoration site -- 1980 1984 1988

ACRONYM SPECIES COMMON NAME 1980 1984 1988

ACM I
AGAL
AGTE
ALGE
ANLU

ANOD
ASSU
ATPA
CALY
CAOB

COCO

CUSA
DECE
DI SP
ELPA

EPWA

FEAR
FERU
GAAP
GATR

GLMA
GRIN
HOBR
HOLA
HYRA

JACA
JUBA
JUEF
JUBU
LAPA

LI OC
LOCO

LOPE
OESA
PLMA

POPA
POPR

PUPU
RUCO

RLID I

RUOC

SAVI
SCCE
SCMA

SPMA

Achillea mitlefoliun
Agrostis alba
A. tenuis
Alopecurus geniculatus
Angelica Lucida

Anthoxanthun odoratun
Aster subspicatus
Atriplex patula
Carex lyngbyei
Carex obnupta

Cotula coronopifolia
Cuscuta sauna
Deschamps i a cespi tosa
Distichlis spicata
Eteocharis paLustris

Epilobiun watsonii
Festuca arundinacea
F. rubra
Galiun aparine
G trifidun

Glaux maritima
Grindelia integrifolia
Hordeun brachyantherun
Holcus lanatus
liypochaeris radicata

Jaumea carnosa
Juncus baLticus
J effusus
J. bufonius
Lathyrus palustris

Lilaeopsis occidentalis
Lotus corniculatus
Loliun perenne
Oenanthe sarmentosa
Plantago maritima

Potentilla pacifica
Poa pratensis
Puccinellia punita
Rumex congLomeratus
Rubus discolor

Rumex occidentalis
Saticornia virginica
Scirpus cernuus
S. maritinus
Spergularia marina

yarrow
bentgrass
colonial bentgrass
water foxtail
sea-watch

sweet vernatgrass
DougLas' aster
co4mnon orache
Lyngbye's sedge
slough sedge

brass buttons
salt-marsh dodder
tufted hairgrass
saltgrass
coninon spike-rush

Watson's willow-herb
alta fescue
red fescue
cleavers
sweetscented bedst raw

saLtwort
gunweed
meadow barley
con*non velvetgrass
spotted cats-ear

jaunea
Baltic rush
soft rush
toad rush
marsh peavine

LiLaeopsis
birdsfoot-trefoil X

perennial ryegrass
Pacific water-parsley X

seaside plantain X

Pacific silverweed X

Kentucky bluegrass
dwarf atkaligrass X

clustered dock X

Himalayan blackberry

western dock
pickleweed
low clubrush
seacoast bullrush
saltmarsh sandspurry

x

x

x

x
x

x

x
x
x

x

x

x

x

x x x

x x x

x x
x x

x x x

continued next page
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ACRONYM SPECIES 1980 1984 1988

SPMC S. macrotheca beach sandspurry X X X

STCA StelLaria calycantha northern starwort X

TRMA TrigLochin maritinsin seaside arrow-grass X X X

TRST T. striatun arrow-grass X

TRWO Trifotiun wormskjotdii springbank cLover X X X

VIGI Vicia gigantea giant vetch X

VISA V. sativa coninon vetch X

ZAPA Zannicheltia paLustris horned pondweed X

a

114

1980 N = 410 20x50 cm sample plots placed at regular intervaLs along 12 permanent transects;

67 1m2 permanent plot samples along same transects.

1984 N = 438 20x50 cm samples along 12 permanent transects; and
67 1m2 permanent plot samples.

1988 N = 510 20x50 cm sampLes along 13 permanent transects;
84 1m2 permanent plot samples; and

427 20x50 cm samples taken along 48 cross-sections of 8 tidal creeks.
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Appendix B. Mean percent cover/percent frequency of restoration site
species -- 1980 1984 1988.
n = number of 1 meter2 permanent plot samples
P = less than 1% cover

1980
(n=49)

1984
(n=48)

1988
(n=49)

P/02
23/67 15/59 09/29

P/02
14/77 P/02 P/24
03/29 51/71 67/82

P/04 P/02
P110 P110 P/b

08/27 12/24
P/02

P/04

P/02
P/02

04/17 02/18 01/18
05/38 07/27 07/27

P/02

15/58 10/57 09/41
P/08
P/02

04/40 11/33 10/18
P/04

07/42 P/06
P/b 02/20 P/08

P/02
P/04

SPECIES

Achillea millefolium
Agrostis alba
Angelica lucida
Atriplex patula
Carex lyngbyei

Cotula coronopifolia
Deschampsia cespitosa
Distichlis spicata
Eleocharis palustris
Festuca rubra

Galium aparine
G. trifidum
Hordeum brachyantherum
Juncus balticus
Oenanthe sarmentosa

Potentilla pacifica
Puccinellia pumila
Rumex conglomeratus
Salicornia virginica
Scirpus maritimus

Spergularia marina
Triglochin maritimum
Trifolium wormskjoldii
Vicia gigantea
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Appendix C. Environmental and vegetative attributes of restoration
site permanent plots in 1988

PLOT ELEVATION
NGVD CM)

COMMUNITY BIOMASS
g/m2

SALINITY TEXTURE
ppt X SAND

% ORGANIC ELEVATION CHANGE CM)
CONTENT 1978 - 1988

111 1.296 CALY/POPA-AGAL 1255 30.0 .5 50.512 .049

112 1.133 CALY 1220 26.0 .3 41.915 .099

113 1.124 CALY 1580 23.0 1.6 32.226 .063

114 1.166 CALY 1580 24.0 .8 37.447 .045

115 1.119 CALY/POPA-AGAL 1405 25.0 1.3 28.031 .046

121 1.259 POPA-AGAL 2100 23.0 45.632 .084

122 1.093 CALY 1580 24.0 .0 33.554 .035

123 1.090 CALY 1580 24.5 .6 37.396 .073

124 1.144 CALY 1580 30.0 3.0 15.447 .064

125 1.138 CALY 1480 29.0 1.9 29.840 .058

131 1.306 POPA-AGAL 1680 22.0 1.0 53.796 .062

132 1.170 CALY 1580 25.0 1.0 39.273 .066

133 1.134 CALY 1650 26.0 .4 35.420 .070

134 1.164 CALY 2080 28.0 1.1 42.238 .080

135 1.154 CALY 1580 29.0 1.6 23.925 .059

136 1.184 CALY 1580 31.0 3.7 22.503 .069

141 1.287 CALY/POPA-AGAL 2090 25.0 1.1 62.885 .042

142 1.274 CALY 1930 26.0 3.0 60.047 .054

143 1.317 CALY 2030 30.0 .5 45.124 .033

144 1.287 CALY 1580 37.5 1.0 40.388 .024

145 1.157 CALY 1580 35.5 1.0 28.940 .063

151 1.551 POPA-AGAL 2030 .067

152 1.477 POPA-AGAL 1270 33.0 9.2 60.422 .018

153 1.208 CALY 1580 34.0 1.2 44.690 .012

154 1.108 CALY 1580 36.5 1.2 31.471 .077

211 1.401 POPA-AGAL 1250 39.5 3.0 33.942 .043

212 1.163 CALY 1650 30.0 .2 43.500 .044

213 1.105 CALY 1580 34.0 .4 20.897 .066

221 1.221 CALY/POPA-AGAL 1825 33.5 1.0 23.066 .051

222 1.257 CALY 1620 31.0 4.7 41.323 .039

223 1.205 CALY 1580 31.0 3.7 34.551 .036

224 1.135 CALY/SAVI-DISP 1940 39.0 1.1 34.136 .094

231 1.218 CALY 1780 32.0 6.8 22.926 .085

232 1.266 CALY 1895 37.5 1.4 33.394 .037

233 1.062 SAVI-DISP 1835 37.0 3.5 30.034 -.023

234 1.196 SAVI-DISP 1610 44.0 6.3 28.126 .091

241 1.397 CALY 2040 24.5 1.3 50.303 .053

242 1.263 CALY 1720 32.0 1.1 28.168 .033

243 1.205 CALY 1130 34.5 2.2 24.051 .057

251 1.282 POPA-AGAL 2385 32.0 .9 40.089 .041

252 1.251 CALY/SAVI-DISP 1530 39.5 6.0 47.615 .026

253 1.291 CALY 1660 30.0 1.0 38.807 .060

254 1.184 SAVI-DISP 370 57.5 13.5 36.736 -.009

261 1.306 SAVI-DISP 2000 36.0 4.1 40.079 .040

262 1.196 SAVI-DISP 2135 39.0 4.3 35.703 .060

263 1.205 SAVI-DISP 1525 39.5 6.8 29.468 .049

271 1.321 SAVI-DISP 1810 36.0 49.177 .040

272 1.303 CALY 1290 35.0 5.4 30.129 .027

273 1.303 SAVI-DISP 1265 39.0 27.6 33.676 .057



Appendix D. Vegetation trends of study site permanent plots.
Mean plot standing biomass in dry grams/meter
Percent cover midpoint for each species in plot
1988 community assignment:

I = Carex lyngbyei
II = Salicornia virginica/Distichlis spicata
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III = Potentilla pacifica/Agrostis alba

PLOT 1980 1984 1988 1988 COMMUNITY

5101.1 Transitional I/Ill
Biomass: 64 1267 1255
Species Cover:

AGAL .5 .5
ATPA 18 3

CALY .5 63 38
PERU .5

POPA 18 18 63
VIal .5

5101.2 I

Biomass: 314 1328 1220
Species Cover:

AGAL 85 .5
ATPA 8
CALY .5 63 98
POPA 38 18
BARE 8

5101.3 I

Biomass: 37 1029 1580
Species Cover:

AGAL 38
CALY .5 98 98
POPA 18 .5

BARE 38

5101.4 I

Biomass: 285 707 1580
Species Cover:

AGAL .5 8

ATPA 3

CALY .5 98 98
POPA 85 3

5101.5 Transitional I/Ill
Biomass: 373 506 1405
Species Cover:

AGAL .5 38 8
ATPA 3 .5
CALY 63 98
POPA 63 8 8

VIGI .5
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PLOT 1980 1984 1988 COMMUNITY

5102.1 III
Biomass: 798 1066 2100
Species Cover:

AGAL 98 85 98
ATPA 3

JUBA .5 18 85
POPA 8 8 38
RUCO .5

5102.2 I

Biomass: 374 1670 1580
Species Cover:

AGAL 18
CALY 98 98
ELPA .5

POPA 8 8
PUPU .5

SAVI .5

BARE 63

5102.3 I

Biomass: 78 709 1580
Species Cover:

AGAL .5
CALY P 98 98
JUBA 8

POPA .5
SAVI .5

SPMA 3
BARE 85

5102.4 I

Biomass: 493 818 1580
Species Cover:

AGAL 18
ATPA 38
CALY 8 98 98
DECE .5

POPA .5

SAVI .5
SPMA .5

BARE 18

5102.5 I

Biomass: 15 123 1480
Species Cover:

AGAL 3

ATPA .5

CALY 98 98
POPA 18
BARE 85
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PLOT 1980 1984 1988 COMMUNITY

5103.1 III
Biomass: 664 516 1680
Species Cover:

AGAL 38 8 38
ANLU .5

ATPA .5 .5

FERU .5

GATR .5

JUBA 63 63 85
POPA 63 63 38
TRWO .5

5103.2 I

Biomass: 27 906 1580
Species Cover:

AGAL 38 8 .5

ATPA 3 3

CALY .5 98 98
DECE .5 .5

POPA .5

PUPU .5

SPMA 8
TRMA 3

BARE 63

5103.3 I

Biomass: 2 557 1650
Species Cover:

AGAL 8

CALY P 98 98
SCMA 3

SPMA .5
BARE 98

5103.4 I

Biomass: 22 815 2080
Species Cover:

AGAL .5
CALY .5 98 98
DECE .5
JUBA 8
SAVI .5
SPMA 18
BARE 63

5103.5 I

Biomass: 39 777 1580
Species Cover:

CALY .5 98 98
COCO 3

DECE .5
SAVI 8
SPMA 38
TRMA .5 8
BARE 38
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PLOT 1980 1984 1988 COMMUNITY

5103.6 I

Biomass: 147 409 1580
Species Cover:

AGAL 85
ATPA 38
CALY .5 98 98
DECE .5
JUBA .5
SPMA 8
BARE 8

5104.1 Transitional I/Ill
Biomass: 0 510 2090
Species Cover:

AGAL 3

ATPA 38 3

CALY 63 63
JUBA 3

POPA 8 38

5104.2 I

Biomass: 402 461 1930
Species Cover:

AGAL 85 38 .5

ATPA 18
CALY 85 98
JUBA 3 .5

POPA 3 .5
BARE 3

5104.3 I

Biomass: 790 724 2030
Species Cover:

AGAL 63 18 .5
ATPA 18
CALY 8 38 98
JUBA 38 63 8

5104.4 I

Biomass: 0 635 1580
Species Cover:

AGAL 63
ATPA 18
CALY .5 98 98
JUBA 8 .5

SAVI .5
SPMA .5
BARE 18
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PLOT 1980 1984 1988 COMMUNITY

5104.5 I

Biomass: 0 1107 1580
Species Cover:

AGAL .5 .5

CALY 85 98
COCO 3
POPA 3

PUPU 3
SAVI 3
SPMA 38
TRI4A 8 18
BARE 38

5105.1 III
Biomass: 988 - 2030
Species Cover:

ACMI 8

AGAL 85 38 85
ATPA 38
GAAP .5

HOBR 18
OESA 18
POPA 38 63 85

5105.2 III
Biomass: 452 1096 1270
Species Cover:

AGAL 98 18 8

ATPA 18 .5

CALY P .5
HOBR P .5

JUBA 8 63 85

POPA 18 63 63

5105.3 I

Biomass: 0 695 1580
Species Cover:

AGAL 18 18
ATPA .5
CALY 85 98
JUBA .5 38
SAVI .5 .5
SPMA .5
BARE 63

5105.4 I

Biomass: 0 876 1580
Species Cover:

CALY 3 63 98
DISP .5
SAVI .5
SPMA 3
TRMA .5 38
BARE 85
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PLOT 1980 1984 1988 COMMUNITY

5201.1 III
Biomass: 863 766 1250
Species Cover:

AGAL 63 85
CALY 3

HOBR 85 38 18
POPA 18 38 18

5201.2 I

Biomass: 30 999 1650
Species Cover:

AGAL .5 .5

ATPA 18
CALY 98 98
DISP .5
POPA 8 .5

SPMA 3
BARE 63

5201.3 I

Biomass: 3 985 1580
Species Cover:

AGAL 8 38
ATPA 3

CALY 3 98
DECE .5

DISP 3

HOBR 3 3

POPA 18 38 .5

SAVI 8
SPMA 3

BARE 63

5202.1 Transitional I/Ill
Biomass: 419 1429 1825
Species Cover:

AGAL 85 38
ATPA 38 18
CALY 8 63
HOBR 63 .5 18
JUBA .5

POPA 3 18
BARE 8

5202.2 I

Biomass: 44 553 1620
Species Cover:

AGAL .5 18
ATPA 18
CALY P 85 98
DISP .5

JUBA .5 8 8

POPA .5
SAVI 8
BARE 85
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PLOT 1980 1984 1988 COMMUNITY

5202.3 I

Biomass: 6 587 1580
Species Cover:

AGAL .5
ATPA .5
CALY 8 98
DECE .5

HOBR .5
POPA .5

SAVI .5 85
SPMA .5

TRMA 3

BARE 85

5202.4 Transitional I/Il
Biomass: 0 140 1940
Species Cover:

ATPA .5
CALY 63
COCO 8

DECE .5

DISP 63 18
HOBR .5

SAVI P 38 63
SPMA 3

BARE 85 .5

5203.1 I

Biomass: 5 132 1780
Species Cover:

AGAL .5 38
ATPA 3

CALY 98 98
HOBR .5
POPA 63 18 3

SAVI 8

BARE 18

5203.2
Biomass: 0 175 1895
Species Cover:

AGAL .5 .5
ATPA 3

CALY 18 85 98
DISP 3 .5

HOBR .5
JUBA .5 3 3

POPA .5 .5

SAVI .5

SPMA .5
TRNA 3

BARE 38

5203.3 II
Biomass: 0 78 1835
Species Cover:

CALY 18
DISP 63
SPMA .5

BARE 98 98
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PLOT 1980 1984 1988 COMMUNITY

5203.4 II

Biomass: 77 508 1610
Species Cover:

ATPA .5 .5

DECE 18 .5

DISP 38 85
HOBR .5
JTJBA .5 8 18
SAVI 8 38 85
SPMA 38
TRHA 3

BARE 38

5204.1 I

Biomass: 842 935 2040
Species Cover:

AGAL 63 18 3

ATPA 38
CALY 18 98
HOBR 3 3 .5

JUBA 18 63 8

POPA 18 38 38

5204.2 I

Biomass: 331 1342 1720
Species Cover:

AGAL 3 .5

ATPA 38
CALY 98 98
JUBA 3

POPA 38 8 3

SAVI 8
SPMA .5

5204.3 I

Biomass: 0 540 1130
Species Cover:

AGAL 8

ATPA 8
CALY 63 98
DISP 8
JUBA 3 .5

POPA 18
PUPU .5
SAVI 8 8

SPMA 63
TRMA .5 8 18

BARE 18

5205.1 III
Biomass: 384 1447 2385
Species Cover:

AGAL 85 98 85
ATPA .5 .5

CALY 18
HOBR .5

JUBA 18
POPA 63 18 18



PLOT 1980 1984 1988 COMMUNITY

5205.2
Biomass: 0 532 1530
Species Cover:

Transitional I/Il
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5205.3 I

Biomass: 52 606 1660
Species Cover:

AGAL .5
ATPA 8
CALY .5 85 98
HOBR .5

POPA .5 3

SAVI .5
BARE 85

5205.4 II
Biomass: 0 370
Species Cover:

DISP 38
SAVI 3 85
BARE 98 8

5206.1 II

Biomass: 179 482 2000
Species Cover:

AGAL .5 3

ATPA 38 .5

CALY 8

DISP 63 63
JUBA .5 3 8

POPA 18 3 .5

SAVI 18 63
SCMA 8
BARE 63

5206.2 II
Biomass: 13 602 2135
Species Cover:

ATPA 3

DISP 63 98
POPA .5
SAVI 3 63 63

SPMA .5
BARE 85

5206.3 II

Biomass: 194 658 1525
Species Cover:

DISP 3 38
SAVI 3 38 18
TRMA .5
BARE 98 63

ATPA .5

CALY .5 63

DISP 38 8

POPA 3

SAVI 38 63
SPMA 3

BARE 98 8
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PLOT 1980 1984 1988 COMMUNITY

5207.1
Biomass:
Species Cover:

99 797 1810
II

ATPA 38 3

CALY 8

DECE 3 .5

DISP 85 85
HOBR 3

POPA 3 .5
SAVI 3 18 38
TRMA 18 18
BABE 38

5207.2 I

Biomass: 387 617 1290
Species Cover:

AGAL 8 .5 3

ATPA 63 8

CALY 63 98
HOBR 3 3

JUBA .5 .5
POPA 38 18 3

SAVI .5

TRMA 3
BARE 38

5207.3 II
Biomass: 237 546 1265
Species Cover:

AGAL .5
ATPA 18 .5

DECE .5 .5
DISP .5 85
HOBR 18 .5 .5

POPA 3 .5

SAVI 63 63 85
SPMA 38
TRMA 3 3

Mean Plot Biomass = 215 740 1645

Mean Bare Cover = 40.3% 3.6% 0%


