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The purpose of this study was to determine plant species com-

position, community structure, successional relationships, vegeta-

tional development and plant distributions in estuarine salt marshes

on the Pacific Coast of Oregon.

Quadrat and transect samples of plant presence and cover, col-

lected from April 1971 - June 1974, were subjected to phytosociologi-

cal analysis and ordination, resulting in the identification of 6 salt

marsh vegetation types comprised of 28 communities. The vegetation

types include: Low Sand Marshes, Low Silt Marshes, Sedge Marshes,

Bulrush and Sedge Marshes, Immature High Marshes and Mature High

Marshes. The locations and extent of these types were mapped for

16 major Oregon estuaries. Total undiked salt marsh area in Oregon

is 29 km, an area significantly smaller than prior to diking and2



filling of marshlands.

Three major patterns of plant succession were apparent, includ-

ing those on sand and silt substrates and in areas subject to fresh-

water runoff, Carex 1 n b ei is an intermediate in all modes of suc-

cession, and this sedge typifies Oregon salt marshes in general. A

few major species, including Triglochin maritimum, Salicornia vir-

mica, Carex lyn b ei and Deschampsia caespitosa, rapidly accrete

sediments. The oldest carbon date obtained for undiked marsh was

770 f 85 years,

Plant distributions were related to elevation, and phonology to

tidal exposure and salinity, soil and soil water salinity, and water

table depths. In Oregon, salt marshes extend from above mean tide

level upward to extreme high water level,

Oregon coastal salt marshes are a transition between subarctic

and temperature marshes, and are similar in physiognomy to boreal

salt marshes in Scandinavia.
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PLANT COMMUNITIES AND SUCCESSION IN
OREGON COASTAL SALT MARSHES

INTRODUCTION

Salt marshes have attracted the attention of curious people for

many years. Salt marshes have even provided eerie settings for

novels and poems, including Dicken's Great Expectations and Sidney

Lanier's poems. Few of the early observers failed to wonder at the

relationship between tidal heights and plant distributions and at the

similarity of salt marshes in different places.

This study was undertaken in order to describe the vegetation

and vegetative processes in salt marshes in Oregon's estuaries. Pre-

vious coverage of these marshes and those in Washington and British

Columbia has been fragmentary. I examined marshes in seventeen

major and two minor estuaries in Oregon and in Willapa Bay, Wash-

ington. The estuary locations are shown in the map of the Oregon

Coast in Figure 1. The Willapa sites were used to elucidate two

problems considered in Oregon's estuaries--exotic plant coloniza-

tion and undisturbed very old marsh vegetation,

The objectives of this study were:

(1) To determine location and extent of coastal salt marshes in
Oregon

(2) Determine and describe the salt marsh plant communities
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(3) Determine plant succession and general vegetational
development

(4) Determine and quantify the overriding environmental fac-
tors of salinity and inundation and relate these factors to
salt marsh plant distributions

(5) Determine the effects of exotic plants on plant communities
and succession

(6) Compare the salt marsh vegetation found in Oregon estu-
aries to similar vegetation elsewhere as described in the
literature.

Salt marshes, which are lands covered by phanerogamic vege-

tation and subject to periodic flooding by the sea tide (Chapman, 1960,

1964), constitute a unique habitat with components from the land,

fresh water and sea.

In defining salt marshes for the purposes of this study, I have

limited the definition further by adding the requirement that flooding

be by brackish water of greater than 2 parts per thousand (ppt) during

the growing season, thereby eliminating marshes covered by tidal

freshwater. These latter lands include the marsh islands in Cathla-

met Bay of the Columbia River. Benthic and epiphytic algae, bac-

teria and fungi also are important parts of the vegetation. Only

vascular plants and macro-algae were included in this study, however.

In 1960 V. J. Chapman prepared a comprehensive monograph

entitled "Salt Marshes and Salt Deserts of the World. "

Salt marshes occur in all major Oregon estuaries, forming

behind sand spits, at river mouth, on points and along shallow bays,
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by the accumulation of organic debris and air or waterborne sedi-

ments. Coastal salt marshes are typified by a small, but distinct,

flora that is tolerant to inundation by brackish water. The most

striking aspect of salt marsh vegetation is the series of belt-like

communities. Numerous papers have shown these zones to be cor-

related with ranges of tolerance of plants to soils, inundation, tidal

scour, salinity, drainage, succession and biotic factors. More

recently Pigott (1969) and Adams (1963) have related the zones to

nutrient availability. Marshes may be characterized by closed stands

of emergent rushes, sedges or grasses; grass and forb dominated

meadows; or sparsely vegetated sand and mud flats. Mangrove for-

ests replace salt marshes in the tropics. Salt marshes are also

found inland near alkaline and saline lakes.

Salt marshes generally begin near mean high tide level and

extend up to extreme high tide level. Depending on the elevation and

local tide conditions, submergence may occur twice a day to once or

twice a month. With ebb tide, runoff follows channels and surface

irregularities so that the whole marsh surface is not exposed equally.

Because of abrupt changes in exposure times near mean higher high

water (MHHW), two types of marsh can be distinguished, upper, or

high, marsh and lower, or low marsh (Chapman, 1960).

Salt marshes may rise gradually above the tideflat (low marsh)

or, in cases of older marshes, begin abruptly with an elevation rise
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or cliff of up to a meter and a half (high marsh). The young marshes

have inclined surfaces that become more level with development.

Drainage channels, salt pans and rotten spots are distinctive

features of salt marshes. Channels are characteristic of barren mud-

flats and become deeper and less diffuse in elevated marshes. On

high marshes, vegetation may grow over ditches so that they are be-

low the surface with an outlet at the front of the marsh and occasional

potholes leading into the ditches. Salt pans are depressions, often

sub-circular, with no outlets so that when the tide recedes, water is

trapped in the pans and slowly sinks or evaporates. During hot

weather and prolonged exposure, the water evaporates, leaving a

salt precipitate. The algae, fish and invertebrate populations in pans

are distinct from the rest of the marsh and seasonal cycles of algae

populations are typical (Chapman, 1960). Rotten spots are depress

sions similar to salt pans but are more irregular in configuration and

probably differently formed. Salt pans and rotten spots are usually

barren of vegetation. These features are common in Oregon salt

marshes.

The substrate characteristics for salt marshes are also unique.

The materials may be sand, fine silts, clays, peats or combinations

of these. Typically marshes form on stable bases of clay or sand

and, by accretion, rise above mean higher high water level. Sandy

marshes are better drained, but the water table fluctuates more
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closely with the tide than in more silty marshes (Chapman, 1964).

Clay and peat particles retain salt and keep the interstitial water

saltier than in sandy marshes (Chapman, 1960). Substrate chemistry

is very important in determining plant distributions. Waterlogged

soils are usually anaerobic and have strongly reducing conditions

(BaasBecking,l956). As a result of bacterial action, quantities of

sulfides are found beneath the surface and iron oxides and sulfates

on the surface (BaasBecking, 1956) or along roots and burrows (Doak,

1931). Phosphorus is normally readily available (Jefferies, 1972),

but nitrogen is limiting (Pigott, 1969) and essential metals or ions

are frequently chelated or otherwise not readily available (Adams,

1963). High concentrations of salts in the soil solution cause osmotic

imbalance in plants. Special physiological, morphological and pheno-

logical adaptations have evolved to permit survival of salt marsh

plants in these extreme habitats (Waisel, 1972). Because soils are

usually waterlogged up to near the surface (Chapman, 1964), tides

cover the surface periodically, and there is often a closed plant

cover, evapotranspiration is usually not a major problem for salt

marsh plants (Chapman, 1960) on low marshes, but may be a prob-

lean in high sandy marshes (Pigott, 1969).

Salt marshes are found on rising coastlines or on subsiding

coastlines if the amount of sedimentation is able to keep up with, or

exceed, rising sea levels. Initially pioneer plants invade barren
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flats, which have been previously modified by invertebrates and bac-

terial and algal scums. The plants accrete sediments, causing a

slight elevation increase and permitting invasion of more plants,

eventually leading to a continuous cover and further accretion of

waterborne sediments and organic debris. As the marsh elevates

tidal scour rapidly decreases because tides follow a sinesoidal pat-

tern in rising and falling. Redfield (1972) has recently contributed

an excellent paper on the development of a salt marsh in Massachu-

setts.

When submerged, salt marshes are affected by the estuarine

environment and, when emerged, by the atmospheric environment.

Therefore, aquatic, benthic and climatic factors are important influ-

ences on coastal salt marsh vegetation and development,

Vegetation of Oregon Coastal Salt Marshes

The salt marsh vegetation along the Oregon coast has been

described variously, but generally these descriptions have been part

of larger studies. Early reports accompanying reconnaissance and

hydrographic maps by the Coast and Geodetic Survey and by the

Army Corps of Engineers (1903, 1912, 1918a, 1918b) mention the

presence of marshy tidal lands with grassy vegetation and muddy sub-

strates. A Department of Agriculture publication from the 1880's

(Nesbit, 1885), "Tidelands in the United States, " notes the presence
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of reclaimable tidelands and describes their grassy meadow-like

appearance and laminated peat-silt soils.

H. D. House (1914b) listed 13 species of salt marsh plants he

collected along Coos Bay in August of 1911: Salicornia ambi ua, 1

Cuscuta sgquamigera, Orthocarpus sp. , Scirpus microcarpus,

Mimulus sp., Rumex salicofolius, Baccharus palularis, Atriplex

hastata, Triglochin maritima, Muhlenbergia racemosa, Scirpus ro-

bustus, Tissa marina, Plantago maritima and various unidentified

grasses. He noted that Salix hookeriana is a transition plant between

salt marsh and sand dune meadow. House (1914a) described the

marshes adjacent to sand dunes on North Slough:

In the semi-meadow formations along the east side of the
sand dune area, where the influence of the salt or brack-
ish water of the bay is felt, the vegetation is quite differ-
ent. . . . It was evident that the seashore marshes
possess a much more varied flora [than House identified] .

Peck (1961) in his manual of Oregon flora reported the presence of

estuarine tide marshes and listed the plants of greatest abundance as

being: Triglochin maritima, Distichlis spicata,cata, Puccinel, lia pumila,

Scirpus americanus, Scirpus robustus, Juncus effusus hesperius,

Juncus balticus, Salicornia pacifica, Glaux maritima, Cuscuta salina,

Grindelia stricta and Jaurnea carnosa,

1Except when quoting the species listed by others, all nomenclature
in this paper follows Hitchcock, et al. (1955) or Mason (1957) if the
species in question is not in the former reference. Nomenclature
of algae is from Smith (1969).
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Recently Carl Johannessen (1961, 1964) of the University of

Oregon, and Keith Macdonald (1967, 1969, 1974; Macdonald and Bar-

bour, 1974) of the University of California at Santa Barbara have

described the vegetation more fully.

On the basis of measurements in Pony Slough, which is a low,

sandy marsh in Coos Bay, and near Westport in Grays Harbor, Wash-

ington, Macdonald (1967) found that the marsh vegetation begins at

about mean lower high water (MLHW) level and extends to extreme

high water (EHW). According to predicted tides these levels are

4 3/4 to 8 1/Z feet (1 foot = 30.5 cm) above mean lower low water

(MLLW). Most of the vegetation lies between 5 1/2 and 7 1/2 feet

above MLLW in Pony Slough. Hours of maximum continuous sub-

mergence decreased more or less logarithmically with increasing

elevation. The occurrence of Distichlis spicata and Jaumea carnosa

was found to be positively correlated with elevation and of Salicornia

virinica negatively correlated,

Two vegetation groups were found, one dominated by Salicornia

virginica and the other distinguished by tussocks of the grass, Des-

champsia caespitosa. Of the nine vegetation groups described by

Macdonald (1967) for the Pacific coast of North America, the Sali-

cornia groups typify the vegetation from Point Conception to British

Columbia. In decreasing order of abundance, the common plants in

this group are: Salicornia virginica, Distichlis spicata, Triglochin
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maritima, Jaumea carnosa, Limonium commune, Frankenia randi-

folia (these latter two do not occur in Oregon), Glaux maritima and

Plantago maritima. The Salicornia group extends from MLHW to

mean higher high water (MHHW) where the Deschampsia group begins

after a distinct separation and extends to EHW. Associated species

are Deschampsia caespitosa, Atriplex sp. , Carex lyngbyei, Juncus

lesceurii, Lasthenia sp. , and Potentilla pacifica.

From his samples in six Oregon estuaries, Johannessen (1961)

elaborated on the weak boundaries between neighboring groups and on

the developmental sequences. Although Johannessen pointed out that

vegetation groups intergrade, he also noted that abrupt increases in

elevation may sharply separate groups. These abrupt changes could

be related to radical changes in length of tidal exposure, as discussed

by Doty (1957), or to changes in the degree of tidal scour. But

Johannessen related the breaks to changes in land use practices

which resulted in increased estuarine sediment loads. By combin-

ing his information from sites in Coquille, Coos Bay, Umpqua, Alsea,

Tillamook and Nehalem estuaries, I constructed the flow chart of suc-

cessional sequences in Figure 2. Plants invading a barren area either

form coalescing circular colonies, as does Triglochin maritimum

(Johannessen, 1964) or sinuous line fronts, as does Scirpus ameri-

canus (Johannessen, 1961). Much of the reproduction is vegetative.
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mation from six estuaries by Johannessen, 1961.
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Oregon Coastal Topography and Climate

The Oregon coastline is one of the most scenic coasts in North

America, extending 560 km from 46°N at the mouth of the Columbia

River to California at 42°N. Long stretches of sand beaches are

broken by steep, resistant sea cliffs, rocky headlands and the mouths

of bays and small streams. Above the shore are wind scoured,

scrubby or grassy headland meadows, great sweeps of sand dunes

and towering conifer forests. Old sea cut terraces and river deltas

form a narrow coastal plain between the ocean and the Coast Range

Mountains, which fifty kilometers inland rise to 1220 meters.

The vegetation of the sand dunes was described in detail by

Weidemann (1966) and their geology by Cooper (1958). The forest is

in the Sitka spruce, or Picea sitchensis, Zone described by Franklin

and Dyrne s s (1973). Inland along the coast range lies the T su a

heterophylla, or hemlock, Zone.

The coastal strip of Oregon has a wet-temperate marine cli-

mate. The temperature variation is slight from north to south and

throughout the year. Rainfall is seasonal, with only about 15% occur-

ring during the growing season (Hansen, 1947). Overcast weather is

common along the coast and is notably increased just in front of

mountains. Prevailing summer winds are from the northwest and

winter winds from the southwest. Severe winter storms buffet the
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coast several times each year. Freezing weather is uncommon and

of short duration.

Annual precipitation is not closely correlated with latitude, but

somewhat more rainfall occurs in the north. Average annual rainfall

varies from 154 cm at Bandon to 227 cm at Tillamook (Johnsgard,

1963). Local topography dictates variation in rainfall. Marshes

located further up the estuary receive more rain as the oceanic clouds

strike the mountains and undergo adiabatic cooling. For example, at

Newport the rainfall is 164 cm, while 16 km inland at Toledo on the

same estuary, the average precipitation is 194 cm, a difference of

30 cm annually (Johnsgard, 1963). Rainfall also affects the estuaries

by the amount of surface runoff in the watersheds, resulting in varied

periods of submergence of the tideflats, dilution of salinity, and vari-

able stream sediment loads.

Average temperatures along the coast are very close, averaging

10 C. At Astoria average minimum temperature in January is 1. 6 C

and average maximum in August is 21. 2 C, while in Brookings aver-

age low in January is 4. 4 C and August high is 19.5 C. (Johnsgard,

1965). The frost-free season is 250 to 300 days (Hansen, 1947).

Summer temperatures on southern Oregon coast are comparable to

those at St. John's, Newfoundland (Dicken, 1973).

During the study period of April, 1971, through June, 1974,

coastal weather was variable. 1970-1971 was one of the wettest
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years in recent Oregon history with 299 cm of rain at Tillamook

(National Oceanic and Atmospheric Administration, E. D. S. , 1970,

1971). Summer 1972 was very hot with maximum temperatures

ranging up to 37.7 C. (National Oceanic and Atmospheric Adminis-

tration, E. D. S. , 1972). 1972-1973 was cool with drought accom-

panied by extreme winter colds in December. Newport's low tem-

perature was -17.2 C. Ice and snow covered most of the coast for

several days (National Oceanic and Atmospheric Administration,

E.D. S. , 1972). Winter of 1973-1974 was again very wet and water

levels remained high in the upper reaches of the estuaries.

Low rainfall in the summer accompanied by high temperatures

results in evaporation and salt precipitation, subjecting plants to high

water stresses. During low temperatures and low winter rainfall ice

coats and breaks marsh plants. On the other hand, high winter rain-

fall causes prolonged submergence of tidelands and dilution of the

salinity to near zero parts per thousand.

Geologic History of the Coast

Relative to sea level the Oregon coast has fluctuated during and

after the Pleistocene, but at present there is a slight eustatic fall in

most places (Baldwin, 1964), During glacial times the coastal plain

extended outward from the current shore thirteen to thirty-two kilo-

meters (Dicken, 1973.
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The last glacial maximum was 15, 000 years ago. With melting

of the glaciers, sea level rose 120 to 150 meters above its present

level, resulting in the formation of wave cut terraces now seen sev-

eral places along the coast (Baldwin, 1964). Bay deposits formed

beds, filling in all the river mouths during the last interglacial. The

submergence following this deposition resulted in the formation

of low terraces along the coast and delta deposits in the estuaries.

Such deltas are in Tillamook and Coos Bay, but most of these large

areas of saline marshlands have been reclaimed for agriculture,

Deposition in coastal streams has kept pace with the rise in

sea level along the southern coast (Baldwin, 1964), but north of Coos

Bay, post-Pleistocene drowning produced bays with extensive tide-

lands in the river basins. In some estuaries the tide extends thirty

to fifty kilometers upstream, whereas to the south tideflats are less

common. Flooding at the close of the last glacial advance reached

224 kilometers upstream in the Columbia, forty kilometers in the

Umpqua and forty-eight kilometers in the Coquille (Smith, 1933).

These distances correspond to the distances to which tidal influence

reaches today.

All of the estuaries in Oregon are silting up from heavy down-

stream sediment transport and from marine sediments entering the

mouths, Tillamook and Nehalem are filling especially rapidly, as

indicated by the expansion of their deltas (Johannessen, 1961).
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Several lakes in the sand dunes were estuaries during the Pleistocene,

but because the small streams did not have enough volume to keep

their channels open, advancing sands constricted the mouths and

caused drowning of the valleys. Siltcoos, Tahkenitch, Tenmile and

Eel Lakes on the central coast are examples of former estuaries

(Dickers, 1973). Hansen (1947) found that these lakes have the thick-

est pollen-bearing sediments on the coast, with continuous deposition

since the Pleistocene, Whether the deeper pollen profiles reflect the

presence of salt marsh along these old bays would be of particular

interest. Old salt marsh deposits could also be probably found under

flood plains of lower reaches of major coastal streams.

Baymouth sand spits also affect salt marsh distribution and

characteristics. Spits occur at the mouths of the Columbia, Necani-

cum, Nehalem, Tillamook, Netarts, Sand Lake, Nestucca, Salmon

River, Siletz, Siuslaw, Umpqua, Coos and Coquille rivers. Smaller

estuaries or streams, such.as Beaver Creek, Yachats and Siltcoos

Rivers, and the southern large rivers do not have sand spits. Salt

marshes form on the insides of these sand spits except where high

active dunes extend to water's edge, such as on the Siuslaw River.

Estuarine Environment in Oregon

Estuaries have been defined as "semi-enclosed coastal bodies

of water which have a free connection with the open sea and within
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which sea water is measurably diluted with freshwater from land

drainage" (Pritchard, 1967). According to this definition Oregon has

seventeen major estuaries and ten smaller ones. Netarts Bay is,

perhaps, more of a bay than an estuary because of its very low fresh-

water inflow. The estuaries are listed along with their area and

other characteristics in Table 1 and their locations are shown in

Figure 1. The most characteristic feature of estuaries is the steep

and variable environmental gradient (Emery and Stevenson, 1957a).

An organism living in an estuary, particularly in the intertidal, must

be able to survive a wider range of fluctuations than organisms in

either salt water or freshwater (Hedgpeth, 1957).

Because estuaries are freely open to the ocean, they are sub-

ject to tidal action. In Oregon a mixed tide occurs and is character-

ized by two unequal high and low tides daily. Tide predictions by the

National Ocean Survey based on lunar and solar positions rarely indi-

cate the actual tidal conditions because of variable weather and sea-

sonal flooding (Swanson, 1965). According to six years of tide ob-

servations at the Marine Science Center on Yaquina Bay, the tide

range extends 16, 13 feet between highest and lowest measured tides.

The range from MLLW to MHHW is 8.38 feet (Oregon Division of

State Lands, 1973). The heights of tides vary with the location along

the coast and within the estuaries. The times of highs and lows

change up the estuaries depending on distance upstream and



Table 1. Oregon estuary drainage basins, sediment loads, area, tidelands and undiked salt
marshes.

Drainage
Basin

Sediment
Load Area TidelandsSalt Marsh

(km2) (metric
tons x 103) (hectares) (hectares) (hectares)

Columbia - - 37982 9925 -
Necanicum - - 113 60 4
Nehalem 2215 105 935 437 178
Tillamook 1399 122 3357 1686 365
Netarts 36 2 942 613 65
Salt Lake 44 2 214 161 168
Nestucca 834 49 405 234 82
Salmon River 194 13 83 51 148
Siletz 966 67 481 314 107
Yaquina 655 27 1580 548 266
Alsea 1228 226 869 396 227
Siuslaw 2007 43 910 306 308
Umpqua 11810 512 2766 620 279
Coos Bay 1567 65 504 2511 581
Coquille 2740 90 312 122 104
Rogue - - 254 60 5
Chetco 365 - 41 5 1

Percy, et al., 1973.
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configuration of the bay (Goodwin, et al. , 1970). Along Yaquina Bay,

for example, the high tide is delayed forty-five minutes between New-

port and Toledo and the height increased 0. 1 foot, while the low tide

is delayed fifty-five minutes and falls 0. 2 feet lower (National Oceanic

and Atmospheric Administration, 1973).

Salinity also varies up the estuaries, with the most saline sur-

face water normally occurring toward the mouth and decreased sali-

nities occurring upstream. Usually the salt and freshwaters are not

perfectly mixed and stratification occurs because the warmer and

less dense freshwater tends to flow over the top of the salt water if

there is no turbulence. Oregon estuaries have been classified accord-

ing to their degree of mixing by Burt and McAllister (1959). Occa-

sional salinity measurements made by myself and C. David McIntire

(Oregon State University, personal communication, 1973) indicate

that predicted salinity regimes are not very applicable. Muddy sub-

strates tend to retain water of higher salinity as the tide recedes so

that interstitial salt water effectively extends further upstream than

free salt water. Salinity of interstitial water is less variable than

overlying free water and only a slow exchange occurs between the two

layers (Emery and Stevenson, 1957a). The characteristic of fresh-

water flowing over salt water is important for intertidal areas be-

cause during high tides portions of the tideflat at higher elevations

are flooded with less saline water than lower portions. Salinity data
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taken at various depths and stations along Yaquina Bay indicate that

surface waters vary from zero ppt in the rainy months upstream to

36 ppt downstream in the summer (Callaway, et al. , 1969). Salinity

in estuaries is not due to the same salts found in sea water because

of dilution and alteration from runoff waters. Estuaries usually have

a higher ratio of carbonate and sulfate to chloride ions than seawater,

except in catchments, such as salt pans, where evaporation is very

high and ratios become lower than sea water (Emery and Stevenson,

1957a).

New sediments entering estuaries are the major source of

marsh building materials. These sediments come from marine and

fluviatile sources and from local land run-off. Organics, silts and

sand are the major components of marsh sediments. Most silts in

suspension are dropped directly but some are flocculated (Emery and

Stevenson, 1957b). Flocculation, which is an electrostatic clustering

of clay particles, occurs as fresh and salt waters mix. Precipitation

of particles from suspension occurs during slack water as current

velocities across tide flats decrease. The net transport is landward

(Curray, 1969). Salt marsh plants decrease water velocities, caus-

ing a dropping of suspended sediments. As noted by Redfield (1972)

and others, organic debris builds up in the summer in intertidal

areas from the growth of algae and microorganisms and the trapping

of drift debris. On tideflats and marshes most of the tidal flow is
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channelled, In the channels most finer grains are removed, leaving

coarse sediments. Proportions of finer and more poorly sorted sedi-

ments increase with distance away from channels (Emery and Steven-

son, 1957b), Tideflat sediments do not dry out except above mean

high water levels (Curray, 1969), where most salt marsh vegetation

begins (Chapman, 1960).

Kulm (1965) analyzed the composition of sediments in Yaquina

Bay. He found that the heavier, more coarse marine sands concen-

trate near the mouth of the bay with finer river silts upstream. Pat-

terns change seasonally, with increased penetration of marine sedi-

ments during the winter (Kulm and Byrne, 1967). Large quantities

of sawdust, bark and burned wood particles constitute up to 50% of

the river bank or high marsh sediments from seven to twenty-five

centimeters deep near Toledo (Kulm, 1965). Aeolian sands fall on

intertidal flats adjacent to moving sand dunes on windy days.

Johannessen (1961) demonstrated that a rapid increase in sedi-

mentation of the estuaries and in marsh building occurred after the

middle of the nineteenth century. Johannessen based his conclusion

on a comparison of maps from the 1800's and more recent aerial

photographs. Dicken (1973) suggested that extensive fires along the

coast in the mid-nineteenth century permitted land slippage and ero-

sion to add sediments to coastal streams. Forest fires burned most

of the coast from Nehalem to the Rogue River between 1845 and 1902.
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The Tillamook burn of 1933 and several subsequent fires covered

much of the drainage basins of Tillamook and Netarts bays.

Johanne s sen (1961) suggested that great quantities of sediment flowed

into Tillamook Bay during the heavy rains after the fire.

A compilation of information sources and descriptions of Ore-

gon estuaries was put together by the Department of Civil Engineer-

ing at Oregon State University (Percy, et al. , 1973).

Recent Changes in the Estuaries

Natural sedimentation, dikes, land fills and jetties have sig-

nificantly modified salt marsh habitats in Oregon's estuaries.

Johannessen (1961) discussed salt marsh expansion and erosion

caused by changes in rates of sedimentation, fills and jetty con-

struction in six estuaries.

Landfills in Oregon's estuaries were inventoried in 1972 by the

Division of State Lands. The only fills recorded are on land legally

defined as submersible, ie, occurring between mean low and mean

high water. Because of this definition, most fills on salt marshes

are not included, nor is it possible to determine how extensive such

fills are. Not included are many fills on islands by dredge spoils.

Of the recorded filled area in Siuslaw Estuary, 88% is filled with

spoils.

The construction of jetties and levees has altered the



23

configuration of some bays and changed sedimentation behind sand

spits. The most radical change occurred in Tillamook Bay. Con-

struction of the South Jetty at the end of Bayocean Penninsula ob-

structed long shore drift, permitting erosion of the spit on the ocean

side. In 1952 the ocean breached the peninsula, moving large quan-

tities of sand and bolders into the bay and burying most of the com-

mercial oyster beds (Dicken, 1961). A levee was constructed across

the opening and deposition on the penninsula began immediately.

Marsh plants have begun to colonize the newly formed sand flats

along the levee at its north end, while old salt marshes behind the

levee have been replaced by freshwater vegetation.

Dredging of small areas of salt marsh has occurred where boat

landings have been made. Excellent examples are those along the

south shore of Alsea Bay.

The most extensive alterations have been caused by diking.

Almost no areas of old, high marsh remain undiked in Oregon. The

diking began with the early white farmers who built small dikes by

hand to keep brackish water from crop and pasture land and for flood

control. Early dikes constructed near Astoria are described by

Nesbit (1885). An example of such a dike and flood gate can be seen

near the front of the high salt marsh adjacent to Cape Lookout State

Park Campground on Netarts Bay. Modern wood and steel tide gates,

usually maintained by highway departments, are common along the
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east side of Coos Bay. Corps of Engineers reports from the turn of

the century for Yaquina (1903), Tillamook (1918a, b) and Nehalem

(1912) indicate that there had been few diked areas at that time, but

that interest in diking was high. The promise of extremely produc-

tive reclaimable lands lured many early settlers to the Oregon coast.

Nesbit, in 1885, noted that there were thousands of acres of good

reclaimable tideland along Coos Bay and the Coquille and Umpqua

rivers. Today these lands look like normal pasture land with levees,

but originally tides of a foot or more covered the land (Nesbit, 1885).

By 1970, 2650 hectares, or half, of the marshlands in Willapa Bay,

Washington, had been reclaimed by diking or filling (U. S. Depart-

ment of the Interior, 1970). Nine thousand eight hundred hectares of

salt marsh in Coos Bay have been filled or diked (Paul Rudy, Oregon

Institute of Marine Biology, personal communication, 1974). A road

fill and tide gate built in 1957 across the mouth of Eckman Slough of

the Alsea formed a freshwater lake, drowning salt marshes. An

area of rapidly expanding salt marsh is forming outside the dike.

Diking is so extensive along the upper reaches of the estuaries in

Oregon, that the Division of State Lands (1972) has defined the head

of an estuary to be the beginning of continuous diking along the shores.

The character of marsh vegetation and soils greatly changes

after diking. The patterns of drainage alter and sedimentation stops,
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so that the surface slowly sinks from compaction (Emery and Steven-

son, 1957b) and the soils become more oxidized. Grazing further

compacts the soil and encourages invasion of exotic terrestrial weeds.
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VEGETATION SAMPLING METHODS

In June of 1971 I made a reconnaissance survey of the salt

marshes in each estuary from the Columbia River to Humbolt Bay,

collecting plant specimens and noting the location and diversity of the

marshes. A disjunction between Oregon and California floras occurs

at the Rogue and Chetco Rivers, so I decided to limit this study to the

Oregon Coast. I found that North Slough in Coos Bay had examples

of nearly all types of salt marsh plant associations and stages of,

what appeared to be, succession. Therefore, in the summer of 1971

I made several hundred samples in North Slough. Because of the

proximity of Yaquina Bay to Corvallis, I sampled about a hundred

times on high marsh vegetation in the Bay. Yaquina Bay has the

largest areas of undisturbed high marsh along the Oregon coast. The

remaining 200 samples were taken in all the other Oregon estuaries

except in the Necanicum River. Samples were collected as follows:

Sandy marshes--Coquille, Coos, Siltcoos River, Yaquina, Sand Lake,

Netarts, Tillamook and Willapa estuaries; low silty marshes--

Coquille, Coos, Umpqua, Siuslaw, Alsea, Yaquina, Siletz, Nestucca,

Sand Lake, Netarts, Nehalem, Columbia, and Willapa estuaries; high

marshes--Coos, Siuslaw, Alsea, Beaver Creek, Yaquina, Siletz,

Nestucca, Sand Lake, Netarts, Nehalem and Willapa estuaries.

After I determined species presence, communities, and
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succession patterns, I back-checked them against almost every marsh

area in Oregon while I was involved in the mapping project during the

summer of 1973.

A species list is in Appendix A.

For the initial vegetation sampling, I took 780 quarter and one

meter quadrats and recorded cover. This data was used in deter-

mining succession and communities. Prior to sampling I tried vari-

ous sized and shaped plots. I chose a square quadrat shape because

I could not readily judge which way to orient a rectangular plot in

relation to gradients in a plot-sized area. A circular plot was unsat-

isfactory because it has a greater chance of falling entirely within or

between single plant clusters, particularly in low marsh areas with

clusters of Triglochin, Salicornia and Deschampsia. Because most

salt marsh plants mainly reproduce vegetatively, the distributions of

plants are rarely random and usually aggregated, particularly in low

marshes.

I used a square quadrat 50 cm x 50 cm for most of the sampling.

In areas of very sparse vegetation and in stands where the plots were

placed subjectively, I used 1 m2 plots. The reasons for using these

sizes were: (1) 1 could view the whole small plot at once and rapidly

make visual cover estimates. (2) The small quadrat was larger than

Deschampsia tussocks. (3) 1 devised nine species-area curves in

different types of stands and selected the sizes corresponding to
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breaks in the curves, although Cain and Castro (1964) pointed out that

the location of such breaks depends on the relative scales of the axes.

For the species-area determinations I tested in several areas, includ-

ing a low muddy marsh with and without including macro-algae, the

highest portion of a diked marsh, a very old flood plain salt marsh,

a mature high marsh, an immature high marsh, a low sand marsh

and a high marsh formed from dredge spoils. I did not test in sedge

marshes as normally only one species is present. Incidentally, the

curves show the increased species diversity of higher and more ma-

ture marshes over young, low marshes and silt over sand marshes.

Dredge spoil marshes had the lowest diversity. Daubenmire (1968)

noted that cover determinations are independent of plot size.

I noted vigor of plant species and estimated percent canopy

cover, which was recorded in units to 10% and in fives to 100%. A

plus indicated the presence of a species just outside the quadrat.

Cover gives an assessment of both abundance and dominance. Be-

cause most plants have grass-like appearances and growth patterns,

I could not readily estimate density. In estimating cover I deter-

mined each species separately so that more than 100% cover was

possible. Canopy cover is the percentage of ground included in a

vertical projection of the total spread of the foliage of individual

plants of each species (Daubenmire, 1959). This estimate partly

takes into account space occupied by underground plant parts. In
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salt marsh plants a large amount of biomass is underground, as with

most emergent plants, and spacing may be more related to under-

ground areas than foliage cover. Juncus lesueurii and Scirpus vali-

dus, with their single shoot forms, were consistently over estimated

in my cover values so that the large rhizomes would be accounted for

and so that the values would not be discarded in the computerized

analysis of vegetation types.

I sampled from early July to mid-August in 1971, 1972 and

1973, thus insuring similar phenological development and species

presence. Transects were sampled mostly in 1971 and 1972, where-

as the large plots were taken mainly in 1973.

In order to locate samples that could be used for both succes-

sion or gradient studies and community analysis, I used a restricted

randomization system. Of the 780 quadrats sampled, about 700 were

related to thirty-seven transects. Twenty-seven of the transects

were laid out across the marsh surface to the barren tideflats from

land. Landward endstands were adjacent to embankments or in eco-

tones. The transects were centered through the portion of the marsh

or stand deemed to be the most "typical" of the particular type. Ten

transects lay perpendicular to the elevation gradient in order to

sample homogeneous stands. I selected plot locations by random

three digit numbers to indicate the number of paces left or right from

the transect line and the distance along the transect from the previous
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point sampled. Thus, within a block of about twenty meters by ten

meters, any point had an equal probability of being sampled, but the

plots would be located across the whole gradient. If unsuitable loca-

tions were chosen, I subjectively selected new locations nearby, or if

an area or important association of plants was not sampled I subjec-

tively placed the plots within this area. Unsuitable plot locations

were on top of logs or potholes, for example. On the sedge marshes

the plots fell every ten meters along the transect. Most of the tran-

sects in low silt marshes were taken in Coos Bay, but other transects

were in Coquille, Siuslaw, Beaver Creek, Yaquina, Nestucca, Sand

Lake, Netarts and Tillamook estuaries. The remaining eighty plots

were subjectively placed in special or typical stands. In these areas

I used a one meter square plot and sampled in all of Oregon's estu-

aries.
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COMMUNITIES

Introduction

Ecologists have conveniently put boxes, called communities,

around more-or-less discrete vegetation units. Amid arguments

about continua, seres, ecotones, disjunctions and opportunistic

clusters, phytosiocologists have turned with relief to the distinct

groupings of plants in wetlands and have greatly expanded the litera-

ture on plant communities--particularly salt marsh plant commun-

ities. In 1959 V. J. Chapman sifted through the world literature on

salt marsh communities and designed a classification based on both

American and European nomenclature. As in many wetland situa-

tions, plants in salt marshes tend to aggregate in distinct zones radi-

ating upward from the tideflat. Whole meadows with only a few spe-

cies can be found, and everything, apparently, neatly fits into definite

environmental limits. As a result of the great amount of work on

communities, salt marshes throughout the world can be compared,

thus increasing understanding of this unique ecosystem as well as of

other wetland or extreme habitat areas.

At the time I began this study, very little was known about salt

marshes north of San Francisco and south of the Arctic on the west

coast of North America. Therefore I sought, in a rather simplistic

way, to find out what are the vegetation patterns of such marshes and
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to provide community designations. Hopefully someone else will be

able to tackle specific problems, such as productivity, vegetation

reactions to stresses on the habitat and autecology of individual spe-

cies, now that I have created a framework within which further work

will be easier.

I make no apologies for not using community names based on

the tedious terminology of the European phytosociologists,

Methods

In order to determine plant communities I prepared phytosocio-

logical association tables involving 516 quadrats. About 200 plots of

the original 780 were eliminated because they were nearly identical

to plots used, and another fifty plots clearly fell on disturbed or trans-

itional areas. The association tables are in Appendix B. Twenty-

eight communities were derived. For initial separation I divided the

stands into sand, sloping, and elevated marshes to facilitate sorting

of the large number of quadrats.

In conjunction with a project mapping coastal salt marshes in

Oregon for the Oregon Coastal Conservation and Development Com-

mission, I selected six vegetation types that would be of value in re-

source planning and would correspond to sets of vegetative, topo-

graphic and edaphic conditions. The maps and a discussion of them

are in Appendix C. The vegetation types included groups of
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communities. Four types for intertidal freshwater marshes were

also defined. I checked the vegetation types for floristic affinities

with a computer calculated stand ordination by using program

SIMORD described by Dick-Peddie and Moir (1970). The 125 stands

selected for similarity calculation and ordination represent all com-

munities.

SIMORD computes a similarity index between every pair of

stands and then ordinates the stands relative to reference stands after

the method of Whittaker (1967), The similarity between stands I and

J is calculated by:

Sim(1, J)

n
(2 min(aik' ajk) for aik or aid > c

k=1
aik + a jk

a,.
iJ

and aJ.k are the importance values, in this case percent cover,

for the kth species in plots (stands) I and J. c was selected as 1%,

thus only the n' species with > 1% cover were summed. n is the

number of species, which was fifty in this case. This similarity

index is based on a modified Sorensons K index,
a+b ,

where W

is the minimum of the two importance values (a and b) of the given

species, The index is averaged by summing and dividing by n'.

Ordination was done by selecting reference stands on the X-axis

to represent most immature marsh vegetation on one end and most

mature on the other end. This gradient represents elevation as well

as maturity, as discussed later in this paper. I selected end stands
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rather than permitting the computer to chose a set that might cause

the rest of the stands to cluster in the middle. I chose the Y-axis

reference stands by the "best axis" procedure to cause minimal stand

clustering in the middle. The axes are arbitrarily 100 units long.

SIMORD ordinates stands by comparing them to the four reference

stands. The ordination results are given in Figure 3.

Association tables emphasize dissimilarities between stands

and ordination emphasizes similarities. Thus phyto sociological

analysis and SIMORD combined are suited to defining communities

and then grouping them into vegetation types.

Results

Below are listed the vegetation types and communities, Vege-

tation types have trivial names and communities scientific names of

the dominant genera, unless there is more than one species in a

genus, in which case the species name is included too. Only those

species with at least 507o presence are listed in the name and are

ordered according to the sum of percent presence plus percent cover.

If the values are the same, the most conspicuous species is named

first.

The vegetation types of saline-brackish intertidal marshes in-

clude: (1) low sand, (2) low silt, (3) sedge, (4) immature high marsh,

(5) mature high marsh, and (6) bulrush and sedge. Freshwater
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Figure 3. SIMORD stand ordination of vegetation types.
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intertidal marshes will not be discussed in detail in this paper, but

include the following vegetation types: (1) bulrush, (2) intertidal

gravel marsh, (3) diked salt marsh, (4) high, freshwater intertidal

marsh.

The communities are listed under the vegetation types below:

Low Sand Marsh

1. Cyanophyta-Puccinellia-Spergularia macrotheca
2. Distichlis-Cladophora-Salicornia
3. Jaumea-Salicornia-Distichlis
4. Jaumea-Salicornia-Triglochin maritimum-Distichlis
5. Jaumea-Salicornia-Triglochin concinnum-Triglochin

maritimum-Distichlis
6. Scirpus americanus
7. Ruppia

Low Silt Marsh

1. Cladophora
2. Salicornia-Trlochin maritimum
3. Spergularia marina-Salicornia
4. Salicornia-Cotula
5. Eleocharis-Salicornia
6. Carex-Triglochin maritimum
7. Deschampsia-Carex-Triglochin maritimum
8. Salicornia-Cotula-Scirpus validus-Triglochin mari-

timum
9. Scirpus maritimus

Sedge Marsh

1. Carex

Bulrush and Sedge Marsh

1. Scirpus validus
2. Scirpus validus-Carex
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Immature High Marsh

1. Salicornia-Distichlis-Plantago-Scirpus americanus-
Glaux-Spergularia canadensis

2. Deschampsia-Potentilla-Trifolium-Juncus
3. Distichlis
4. Distichlis-Salicornia
5. Carex-Salicornia-Tri ochin maritimum
6. Salicornia-Distichlis-Triglo chin, maritimum
7, Distichlis-Deschampsia-Carex

Mature High Marsh

1. Potentilla-Deschampsia
2. Salicornia-Distichlis-Juncus
3. Juncus gerardii-Deschampsia-Junncus lesueurii

Many of these communities appear on inspection of their names to be

very similar and perhaps not really discrete. However on the marsh

a stepwise elevational progression is common and the vegetation

groups have distinct separations at the breaks in slope. These abrupt

elevations may be caused by tidal scour, initially, because maximum

scour occurs on a sloped surface at the elevation where the sinesoidal

tide pattern changes steeply over a short time. Table 2 gives the

percent presence and average cover of the major species in each

community,

Low Sand Marshes are usually located on a sandy substrate on

the inland side of baymouth sand spits and on islands in sandy bays.

The marsh surface is slightly elevated above the tideflat and has a

gently upward slope. The areas are flooded by all high tides, at least

in the lower portions, and tidal drainage is diffuse. The lowermost
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Table 2, Community Characteristics. Species indicated with at least
25% presence, N =number of stands.

Species Average Cover % Presence

RUPPIA N = 5
Ruppia maritima 90 100

SCIRPUS AMERICANUS N = 4
Scirpus americanus 43 100

CYANOPHYTA-PUCCINELLIA-
SPERGULARIA MACROTHECA
N=38

Cyanophyta - Rhizo clonium 46 79
Puccinellia pumila 15 74
Spergularia macrotheca 58 3

Cladophora gracilis 5 26
Salicornia virginica 15 26
Spergularia canadensis 8 26

DISTICHLIS-CLADOPHORA-
SALICORNIA N = 4

Distichlis s cata 28 100
Cladophora gracilis 25 100
Salicornia virginica 18 100

JAUMEA-SALICORNIA-
DISTICHLIS N = 12

Jaumea carnosa 21 100
Salicornia virginica 23 92
Distichlis s cata 33 67

JAUMEA-SALICORNIA-TRIG -
LOCHIN MARITIMUM-
DISTICHLIS N = 8

Jaumea carnosa 43 88
Salicornia virginica 26 100
Triglochin maritimum 9 100
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Table 2 (cont. )

Species Average Cover % Presence

Distichlis spicata 12 88
Ruppia maritima 52 50

JAUME A- SALIC O RNIA - T RIG LOC HIN
CONCINNUM-TRIGLOCHIN MARI-
TIMUM-DISTICHLIS N=14

Jaumea carnosa 41 93
Salicornia virginica 23 100
Triglochin concinnum 10 86
Triglochin maritimum 10 82
Distichlis spicata 5 79

CLADOPHORA N=12
Cladophora gracilis 52 100
Scirpus americanus 25 50
Fucus distichus 5 25

SALICORNIA-TRIGLOCHIN MARI
TIMUM N = 20

Salicornia virginica 51 100
Triglochin maritimum 24 100
Fucus distichus 12 25

SPE RGU LARIA MARINA-SALI-
CORNIA N = 12

Spergularia marina 30 100
Salicornia virginica 14 50

SALICORNIA-COTULA N=8
Salicornia vi rinica 37 100
Cotula coronopifolia 31 100

ELEOCHARIS-SALICORNIA N = 19
Eleocharis parvula 26 100
Salicornia virginica 38 63
Triglochin maritimum 27 26
Spergularia marina 25 26
Cladophora gracilis 26 14
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Table 2 (cont. )

Species Average Cover % Presence

CAREX-TRIGLOCHIN MARI-
TIMUM N = 13

Carex lyngbyei 60 100
Triglochin maritimum 19 100
Salicornia virginica 20 31

DESCHAMPSIA-CAREX-TRIGLOCHIN
MARITIMUM N = 11

Deschampsia caespitosa 61 91
Carex lyngbyei 34 91
Triglochin maritimum 12 73
Salicornia virginica 12 27

SALICORNIA-COTULA-SCIRPUS
VALIDUS-TRIGLOCHIN MARI-
TIMUM N = 12

Salicornia virginica 46 92
Cotula coronopifolia 17 92
Scir us validus 17 58
Triglochin maritimum 15 58

SCIRPUS MARITIMUS N = 7
Scirpus maritimus 40 100
Ru pia maritima 32 40

CAREX N = 38
Carex lyngbyei 63 100

SCIRPUS VALIDUS-CAREX N = 3
Scirpus validus 27 100
Carex lyngbyei 27 100

SCIRPUS VALIDUS N = 9
Scirpus validus 42 100

SALIC ORNIA-DISTICHLIS-PLANTAGO-
SCIRPUS AMERICANUS-GLAUX-
SPERGU LARIA CANADENSIS N=8

Salicornia virginica 20 75
Distichlis spicata 12 75
Plantago maritima 12 62
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Table 2 (cont. )

Species Average Cover Presence

Scirpus americanus 5 72
Glaux maritima 4 62
Spergularia canadensis 8 50
Jaumea carnosa 32 38
Orthocarpus castille'o ides 13 38
Carex lyngbyei 7 75
Puccinellia pumila 10 25
Juncus effusus 7 25
Triglochin concinnum 2 25

DESCHAMPSIA-POTENT ILLA-
TRIFOLIUM-JUNCUS N=7

Deschampsia caespitosa 38 86
Potentilla pacifica 18 86
Trifolium wormskjoldii 17 71

Juncus le seue rii 15 57
Carex lyngbyei 8 72
Juncus effusus 15 29
Orthocarpus castillejoides 8 29
Eurhynchium stokesii 8 29
Lilaeopsis occidentalis 1 29

DISTICHLIS N = 4
Distichlis spicata 70 100

DISTICHLIS-SALICORNIA N=70
Distichlis spicata 66 100
Salicornia virginica 25 100

CAREX - SALIC ORNIA- T RIG LOCHIN
MARITIMUM N=10

Carex lyngbyei 37 100
Salicornia virginica 31 100
Triglochin maritimum 20 100

SALIC O RNIA-DISTICHLIS - T RIG -
LOCHIN MARITIMUM N = 19

Salicornia virginica 34 100
Distichlis spicata 26 100
Triglochin maritimum 19 100
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Table 2 (cont. )

Specie s Average Cover % Presence

DISTICHLIS-DESCHAMPSIA-
CAREX N = 64

Distichlis spicata 58 55
Deschampsia caespitosa 30 67
Carex lyngbyei 29 52

Salicornia virginica 26 45
Juncus lesueurii 24 39
Triglochin maritimum 12 31

POTENTILLA-DESCHAMPSIA
N=23

Potentilla pacifica 64 100
Deschampsia caespitosa 44 61

SALIC O RNIA-DISTICHLIS -
JUNCUS N = 79

Salicornia virginica 17 84
Distichlis spicata 26 68

Juncus lesueurii 10 78

Agrostis alba 28 46
Jaumea carnosa 20 46
Grindelia integrifolia 14 48
Deschampsia caespitosa 16 40
Glaux maritima 4 39
Atriplex patulatula var. hastata 11 28

JUNCUS GERARDII-DESCHAMPSIA-
JUNCUS LESUEURII N=3

Juncus gerardii 45 100
Deschampsia caespitosa 35 100
Juncus lesueurii 20 100



43

vegetation is a scum of mixed bluegreen algae or a green algae,

Cladophora gracilis. Vascular dominants are Salicornia virginica,

Scirpus americanus or Puccinellia pumila with Puccinellia becoming

more common in the northern estuaries. Higher up the vegetation is

mainly Distichlis s cata, Jaumea carnosa and Plantago maritima.

Lesser quantities of Spergularia macrotheca, Spergularia canadensis,

Carex lyngbyei and Glaux maritima appear frequently. Near the

mouth of the Coquille River a large area of this type is on a silty sub-

strate opposite the sand spit, thereby indicating that other factors

besides well-drained sand influence formation of this vegetation type.

The Cyanophyta-Puccinellia-Spergularia macrotheeca Community

is well developed in Tillamook Bay on the new sand flat forming along

mils,side the levee connecting to Bayocean Penninsula. Puccinellia pumila,

a small, clumped grass grows scattered across low-lying sand flats

and is associated with scattered single plants of Spergularia macro-

theca, a native perennial, Spergularia canadensis, Spergularia

marina, a European annual, and Salicornia virginica. Upslope the

vegetation cover becomes more or less continuous near HHW, In the

Columbia River and Coos Bay, Puccinellia is found colonizing dredge

spoils. The bluegreen algae scum is composed of at least seven

species and the relative proportions of the species appears to reflect

freshwater influences and seasons (Boitano, 1973). Many bluegreens

are nitrogen fixers, so that these algae may be very significant in
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preparing the sand flats for colonization by higher plants.

The Distichlis-Clado,a-Salicornia Community is a low

elevation community found on the lowest edge of sandy marshes,

particularly south of Tillamook. Plant cover varies from scattered

to 75%. Cladophora gracilis forms extensive scums, especially in

May and June when the algae probably contributes significantly to salt

marsh productivity. Salicornia virginica grows in scattered clumps

that eventually coalesce during colonization. Distichlis s cata grows

on stolons in lines between Salicornia. Tide waters are brackish to

saline. Generally the marshes are well drained during low tides.

Both Salicornia and Distichlis are halophytes (Waisel, 1972). This

community is usually not very extensive and is replaced at slightly

higher elevations by a continuous plant cover and the disappearance

of the algae.

A slight, but abrupt, rise of several centimeters or a gradual

elevation change leads to the Jaumea®Salicornia-Distichlis Commun-

ity. Here the sand substrate holds small quantities of organic debris.

Plant cover is fairly continuous except along narrow drainage ditches

and on primary bare spots. Aeolian sand may be deposited continu-

ously. Disturbance by drift logs is common and large floating rafts

of algae frequently lodge on the marsh during low tides. Epiphytic

algae, which were not identified, are common. The plant cover is

six to fifteen centimeters high. This rather simple community is
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replaced by one of the two following communities, depending on

irregularities in micro-relief, freshwater influence and mode of

sand deposition. A good example of this community is found opposite

the dormatory at the Marine Science Center at Newport and along the

spit of Netarts Bay. Both attached Fucus distichus and the marsh

"fucoid" occur in some numbers at this site. These were found at

approximately the same elevation.

The Jaumea-Salicornia-Triglochin maritimum-Distichlis Com-

munity is a modification of the preceding community that results

when a significant quantity of silts accumulates in shallow depressions

caused by logs, tidal eddies or surface run-off. Clumps of Triglochin

maritimum grow in these depressions. This plant usually grows on

water-logged soils with lots of silt. This community grows on sandy

flats subject to some freshwater run-off. Aeolian sand deposition is

usually absent. Ruppia maritima, a submerged, brackish water

plant, occurs on ground that retains a film of moisture when emer-

gent. Ruppia was present in half the quadrats sampled. The plant

usually does not grow mixed with Triglochin in the low spots, but

rather occurs in the shallow "moats" surrounding Salicornia.

Jefferies (1971) found that Triglochin maritimum may have toxic

effects on other plants.

The Jaumea-Salicornia-Triglochin concinnum-Triglochin mari-

timum-Distichlis Community is equivalent to the last community, but
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instead occurs where water-borne sands are being rapidly deposited.

At Tillamook this group is inland of the Cyanophyta-Puccinellia-

Spergularia macrotheca community. Both Triglochin species and

Distichlis spicata usually grow discretely rather than contiguously,

as is typical. Total plant cover is less than 75%. Triglochin concin-

num indicates freshwater runoff. This small plant is found more

commonly in low sandy marshes in the northern estuaries or in high

sandy marshes in the south. It also grows along tidal freshwater

streams such as the Siltcoos River.

The Scirpus americanus Community is a mono-specific com-

munity on the outer edge of sandy marshes. Vegetation cover is

usually continuous. The plant grows in large clones, as shown by

patterns visible from the air and by the continuous network of sub-

surface rhizomes. Excellent examples of this community are found

near the Forest Service campground on the northwest edge of Sand

Lake and behind Netarts Spit. Invading Scirpus americanus forms

solid fronts, precisely separated from the sand flat below. Under

Scirpus americanus may be barren sand, Ruppia maritima, Zostera

marina or Cladophora racilis, depending on the salinity. Carex

lyngbyei is mixed with the upland portion of this community, becom-

ing pure stands of Carex. Below the Scirpus americanus community

on sand flats may be a Ruppia Community and below that a Zostera

Community. These communities may not be an integral part of salt
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marsh formation and function, so I will not elaborate on them.

Low Silt Marshes are usually located on a silt or mud substrate

wherever sedimentation occurs rapidly. The surface is slightly slop-

ing and is interrupted with elevated circular colonies of Triglochin

maritimum and Salicornia virginica. Nearly all high tides flood the

marsh and tidal runoff is diffuse but somewhat channelled around

plant clusters. Eleocharis parvula and Spergularia marina are small

plants that are scattered. The secondary invaders are Deschampsia

caespitosa and Carex lyngbyei. Because of variations in tidal expo-

sure, past use of these areas, and freshwater runoff, the variety of

communities is large and not well interrelated. Some communities

reflect substrates that may change seasonally or are mixed silts and

sands.

The Cladopphora gracilis Community is found lowest on silty tide

flats. Cladophora is a branched filamentous green algae that is tightly

appressed to the surface, thus binding the substrate. Scirpus ameri-

canus may grow along with the algae on sandy silt and a brown algae,

Fucus distichus, is often attached to solid objects such as bark frag-

ments and mollusk shells. Fucus at this elevation appears normal

and reproductively fertile, whereas Fucus higher up in the marshes

have a fucoid form which is much reduced and sterile. V. J.

Chapman (1960) studied the variation in salt marsh fucoids and their

role in site preparation. The algal communities appear to vary
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seasonally in species composition, dominance and productivity, and

thus deserve more study. During the summer Rhizoclonium implexum

is mixed with Cladophora.

On soft, saturated silt substrates, the Salicornia-Triglochin

Community dominates. An excellent example of this community is on

the east side of the mouth of McCaffery's Slough in Yaquina Bay.

Triglochi,n maritimum tends to grow in depressions as circular col-

onies that enlarge and begin to coalesce. Salicornia grows on higher

or better drained areas, or, not unusually, on the bare areas of

center die-back of large Triglochin colonies. Elsewhere Salicornia

has been shown to require root aeration (Chapman, 1960) and in other

communities found on the Oregon coast, lines of Salicornia ring drain-

age ditches and salt pans. As in the Cladophora Community, Fucus

grows attached to solid objects, including Salicornia stems in the

more saline marshes. As the Salicornia-Triglochin Community ma-

tures the plant cover becomes continuous and Salicornia becomes the

major component. In areas of extremely rapid silt accumulation,

Triglochin remains the major species, particularly in the northern

estuaries, forming a pure Triglo chin Community. The Salicornia-

Triggllochin Community is the main vascular plant community coloniz-

ing barren mud flats.

The Salicornia-Trigllochin Community has a more diverse vari-

ant occurring over large areas low on the tide flat. This group, the
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Eleocharis-Salicornia Community, is characterized by Eleocharis

parvula, Salicornia, Triglochin maritimum, Spergularia marina and

Cladophora gracilis. Carex, Scirpus americanus, Scirpus mariti-

mus, Ru ia, Fucus and Distichlis may also be present in small num-

bers. Plant covers vary from 40% to 100%. The community spreads

across a gradual elevation gradient with Eleocharis and Triglochin

growing most profusely on the lower end and the other species coming

in further up. Eleocharis parvula is a two-centimeter high perennial

that acts as a substrate stabilizer between Triglochin clumps.

The C ex-Triglochin Community replaces Eleocharis-

Salicornia and Salicornia-Triglochin communities higher up on the

tide flat. Elevation change is gradual. Both the Tri lochin and Sali-

cornia colonies are elevated, and Carex 1 n bei forms a continuous

cover between the clumps. On the low marsh the sedge is the domi-

nant plant, occupying 60% of the cover. On high marshes another

community is composed of the same three species with about equal

cover per species. Tides cover the low community twice daily and

there are small areas of barren flat. A layer of plant debris is

minimal or absent.

The above community is replaced higher up on low mud flats by

the Deschampsia-Carex-Triglochin Community. Deschampsia cae-

spitosa, a tall grass, grows in tussocks elevated thirty centimeters

or so. I found that the Deschampsia tussocks lowest on the tideflat
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often were growing on top of bark or boards. These tussocks deflect

water runoff so that shallow, but definite, channels appear, Plant

cover is scattered to nearly continuous. Salt marshes above this

level usually are abruptly elevated and have stratified peat-silt sedi-

ments, thus forming high marshes. Or, more commonly, the low

marsh ends abruptly at this community because of the presence of

road or railroad beds. Excellent examples of the sequence of com-

munities, Cladophora to Salicornia- Triglochin or Eleocharis-Sali-

cornia to Carex-Triglochin to Deschampsia-Carex-Triglochin com-

munities are found outside the Southern Pacific Railroad tracks on

the west side of North Slough in Coos Bay. Another good site is near

Eckman State Park on Alsea Bay.

The Spergularia marina-Salicornia Community is a variant of

the Salicornia-Triglochin Community and is found typically on muddy

bars on the downstream side of island marshes, as in the North Fork

of the Siuslaw, or along small mud bars in large ditches. Examples

of the latter are found in the large marsh at the confluence of the

Nestucca and Little Nestucca Rivers. Spergularia marina, an annual,

grows singly and scattered. Salicornia plants are typically stunted

and solitary. Cover ranges from 15 to 75%. Usually covering not

more than 400 square meters, this is a minor community.

When short, shallow drainage ditches with highly reduced sub-

strates enter barren tideflats, a minor community, the Scirpus
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maritimus Community, may occur, Lilaeopsis occidentalis also may

be present in very loose, saturated soil. Ruppia maritima is usually

present also. Small stands of this minor community are common,

but not at all prominent. Cox Island on the Siuslaw has good examples

of this community.

The?licornia-Cotula-Seirpus vi s-Tri lochin Community

occupying silty tideflats indicates freshwater runoff from inland mix-

ing with fairly saline tidal waters. This community is not common,

but often grows adjacent to seepage from bulrush swamp behind dikes.

Fucus may also grow attached to bark chips. Excellent examples of

this community are found near former log storage areas on Isthmus

Slough of Coos Bay. In Coquille Estuary, the bulrush of this com-

munity is a sterile hybrid cross, Scirpus validus x acutus.

Drift logs or saw logs standing on the upper portions of salt

marshes often have a reddish leachate flowing down across the flats.

In these hostile areas is found the Salicornia-Cotula Community.

Plant cover is scattered to 75%, depending on the toxicity of the

leached materials. Salicornia often grows stunted, whereas Cotula

coronopifolia, an exotic from South Africa, seems quite vigorous. In

midsummer Cotula flowers create bright yellow splashes across the

red mud surface, Occasional other plants are stunted. Cotula also

occurs on freshwater intertidal flats, shores of ephemeral lakes in

the coastal sand dunes, on highly reduced brackish muds, and on
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intertidal dredge spoils, so that this species is evidently tolerant to a

wide range of environmental conditions.

Sedge marshes usually occur on silt between low silt marshes

and more mature marshes, or on the edge of islands, deltas and

dikes. The surface is relatively level, but may be abruptly elevated

thirty to a hundred centimeters above the tideflat surface. Most high

tides inundate the marsh and tidal runoff is diffuse on lower sedge

marshes, to well contained in deep ditches on older, higher marshes.

The vegetation is almost exclusively Carex lyngbyei with occasional

invaders of Deschampsia caespitosa on the highest levels.

The Ca ex l ei Community is the only community in the

Sedge Vegetation Type, but small stands of this community are found

in all the other types of salt marshes. In this community the sedge

occurs in all plots, except ditches, and covers an average of 63% of

the surface. On high Carex marshes deep channels form intricate

mosaics and underground channels have begun to form, so that pot-

holes are not unusual, In the bottom of wide, deep ditches are

masses of bluegreen algae and Ruppia. Carex marshes may also

rise gradually from the mud flat, particularly in a delta situation, in

which case the plants below the sedge stand are Eleocharis parvula

and Spergularia marina or S. canadensis. Marshes on the delta of

the Siletz River and along the east side of North Slough in Coos Bay

provide exceptional examples of extensive sedge marshes, Both areas
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are adjacent to U. S. Highway 101.

On high marshes the Carex Community grows in depressed

areas, often just behind a fringe of Salicornia around a salt pan or

rotten spot. Carex lyngbyei may also form a pure stand on sand

marshes just below a shallow freshwater ditch separating the marsh

from sand dunes. In this case the Carex lyngbyei ends abruptly next

to the slough sedge, Carex obnupta, in the ditch.

Possibly Carex lynbyei has two common ecotypes. The type

forming the Sedge Vegetation Type is tall and vigorous and occurs

low in the intertidal where there is considerable dilution and the soils

are saturated. Near the inland edge of many high marshes, pure

stands of this sedge also occur, but they are found on very saline

soils caused by evaporation during the summer. The plants are

smaller and slimmer. If, as near the Public Boat Landing in Toledo,

the two types grow adjacent, the difference is quite distinct and ap-

parently not related directly to environmental differences, Eilers

(1973), working in Nehalem Estuary, also mentioned the two distinct

forms of this sedge. Carex lyngbyei is the plant species that is an

intermediate in nearly all patterns of succession. Sedge marshes

comprise, probably, the most extensive vegetation type in Oregon's

estuaries.

The Bulrush and Sedge Vegetation Type is characterized by

Scir us validus and Carex lyngbyei. Such marshes occur along tidal
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creeks and dikes or on islands where freshwater largely dilutes salt

water. As the water becomes fresher upstream, the sedge disap-

pears, forming a freshwater Bulrush Vegetation Type which may ma-

ture into a complex Intertidal Freshwater High Marsh type.

The Scirpus validus-Carex Community covers nearly 120 hec-

tares on the Siuslaw River above Cox Island at the mouth of the South

Fork of the Siuslaw River. Smaller stands occur elsewhere, parti-

cularly in the estuaries along the southcentral coast. Both Carex

and Scirpus validus occurred in all plots sampled and had an average

cover of 27%. The substrate is usually soft and saturated throughout

the tidal cycle. Further upstream Carex lyngbyei disappears, leav-

ing pure stands of Scirpus validus. In fresher water the giant bul-

rush appears more vigorous and attains heights of two meters. This

This Scirpus validus Community extends upstream through the inter-

tidal freshwater regions into non-tidal waters. Excellent examples

of the intertidal community occur along the Smith River one to several

kilometers upstream from the confluence with the Umpqua River.

Along the Columbia River sloughs at Astoria and Cathlamet Bay very

large stands of this community are found in intertidal areas. Smaller

stands of the Scirpus validus Community are found in brackish waters

near the mouths of small streams.

Immature High Marshes situated inland of sedge and low sand

marshes and on substrates high in organics and silts. The marsh
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surface is relatively level, but is interrupted with salt pans, rotten

spots and well defined drainage ditches. The marsh usually rises

abruptly forty centimeters or more above the tide flat or slightly

above lower marsh. In areas such as Poole's Slough on Yaquina Bay,

the marsh rises above the stream bed with a vertical cliff almost a

meter high. Lack of a sloping marsh below the edge indicates the

erosional nature of this and similar marshes. Immature high marsh-

es are inundated by all higher, high tides and most lower, high tides.

Lower sediments are stratified peats and silts. The upper organic

layer may be several centimeters deep, The vegetation is mixed be-

cause this type is a transition between lower, sloping marshes and

old, stable high marshes. The vegetation cover is continuous with

large stands of one or two species. Deschampsia cores itosa is often

mixed with another grass, Distichlis spicata, as a codominant.

Lesser quantities of Triglochin maritimum, Salicornia virginica

and Carex lyngbyei are also present.

The general community for silty immature high marshes is the

Disti.c111i.s-Deschamppsiia-Ca ex Community. Most common species

present include: Distichlis spicata, Deschampsia caespitosa, Carex

lyn b ei, Salicornia virginica, Juncus lesueurii and Triglochin mari-

timum. Clonal growth of the plants is less obvious than on lower

marshes. Distichlis comprises about 50% of the cover. The roots

form a fibrous layer on the top few centimeters, thereby probably
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keeping the upper soil aerated even during high tides because of

trapped air passages.

The mono specific Distich is Community is a minor community

that covers large sunken portions of the high marsh. These areas

may be old salt pans or the paths of former ditches. On sandy high

marshes the community also occurs. The water table tends to stand

high beneath this community and the grass roots form a very tough

mat about twenty centimeters thick overlying clays or silts. There

is generally no other plant debris in the soil column, indicating that

the Distichlis s p cata probably colonized a bare area.

The istic lis-Sa1ic r is Community characterizes large areas

of high marsh where the sediments are sandy silts. Typically this

community runs parallel to the edge of a high marsh that drops sharp-

ly to the barren tideflat. The water covers the community twice daily

with summer time salinities of 30-35 ppt. Both species are small

and not clumped, but the cover is continuous. During mid-summer

massive infestations of the vascular parasite, Cuscuta salina, may

entangle the rich green Salicornia with a network of bright orange

strands. High marshes along the west side of North Slough, Coos

Bay, are in several places fringed with this community.

Inland of the sedge marshes, the -Sal cornice-Triglochin

maritimu Community may dominate, as in Siletz Bay. The three

species have about equal cover and occurred in all plots sampled.
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The substrate is soft, silty and waterlogged throughout the tidal cycle.

In this community lines of Salicornia mark small subterranean chan-

nels. Plant cover is continuous except in shallow salt pans. Lodging

of Carex is common, as are rafts of drift algae.

Salicornia-Distichlis-Trilochiri Community covers many hec-

tares along the middle reaches of Poole's Slough in Yaquina Bay, The

surface is level with many salt pans, two meters in diameter. These

salt pans provide breeding grounds for mosquitos. Tide cover is

once daily at least. The marsh rises abruptly above the tideflat.

This community provides a very uniform and bright green aspect

early in the summer until the scattered tussocks of Deschamsia

turns golden brown. Carex lyngbyei is usually another minor com-

ponent. Distichlis begins to invade this community leading eventually

to the general immature high marsh community, Distichlis-Deschamp-

sia-Carex Community.

Above the low sand communities, the marsh continues upland,

passing through two higher communities, The first is the aT ia-

i,stichlis-Pla t o- cir us amer'canus-Glaux-S er ularia marina

Community, Organic debris underlies the vegetation to a depth of

twenty centimeters or less. The plant cover is continuous, A large

iiumber of species occupy this community, most of them being rem-

nants from lower sand marsh groups. The composition and propor-

tions of the species also depend on the location of the marsh. For
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example, Puccinellia pumila grows in these marshes in the northern

estuaries only and Spergularia canadensis var, occidentalis replaces

much of the S. marina in the northern and central estuaries. If there

is a significant amount of freshwater seepage, Triglochin concinnum

Scirpus cernuus and Eleocharis palustris occur. Orthocarpus cas-

tillejoides grows on those marshes with a lower organic content and

blooms in the early part of the summer. Orthocarpus and Plantago

maritima continue onto gravel shores.

The highest sand group, the Deschamp sia-Potentilla-Trifolium-

J uncu s Community, ends at the extreme high water level during the

growing season where the dune grasses, Elymus mollis, Poa mac-

rantha and Ammophila arenaria begin. A clover, Trifolium worms-

kjoldii, another typical dune plant, grows throughout this community

and is also found growing in high spots on mature high marshes, often

associated with stranded drift logs. The small umbel, Lilaeopsis

occidentalis, grows ten centimeters high on these sandy marshes.

This curious, corregated-looking plant also grows in deflation plains

of the sand dunes, particularly in dune buggy tracks, as well as grow-

ing in very reduced muds on the bottoms of ditches in the upper por-

tion of salt marshes. In this latter case, the Lilaeopsis is five centi-

meters tall or smaller. Eurhynchium stokesii, a moss which usually

is found in coniferous forests of the Cascades and Coast Ranges,

grows quite vigorously from the strand line to twenty-five centimeters
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lower in this type of salt marsh. The moss grows particularly well

among stands of Juncus lesueurii, and a typical location is on a sand

marsh near the Marine Science Center on Yaquina Bay. Although the

lack of mosses and other bryophytes in salt marshes is frequently

presumed and even mentioned by authorities (Chapman, 1960), two

mosses high on salt marshes have been reported from Spitsbergen

(Dobbs, 1939) and Finmark (Nordhagen, 1954). Schofield (1969)

recorded Eurhynchium growing in the highest intertidal. My eleva-

tion measurements at the Marine Science Center indicate that the

moss is submerged with each 7-1/2 foot tide.

Mature High Marshes occur on points and deltas with highly

organic substrates overlying clay. The marsh surface is level, but

it is interrupted with occasional deep salt pans, broad, deep ditches

and potholes leading to subterranean channels. A secondary pattern

of narrow and shallow drainage ditches forms a mosaic on the surface.

Tidal runoff follows the ditches. Freshwater may seep through the

soil. The plant cover is continuous and tall and is characterized by

grasses, rushes and forbs. Deschampsia caespitosa, Juncus lesuerii

and Agrostis alba dominate. Remnants of earlier plant populations

remain scattered across the surface. Potentilla pacifica, Grindelia

integrifolia and Atriplex tula are forbs found on the highest eleva-

tions. In early spring the marsh looks nearly black from the early

growth of Juncus. Then the strongly clonal growth of the rush is
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especially apparent. In the summer the aspect is yellow from the

inflorescence of Deschampsia. A common June ephemeral is Glaux

maritima and an autumn ephemeral is Polygonum aviculare var. lit-

torale. I use as indicators for this vegetation type Agrostis alba,

Grindelia integrifolia, Potentilla pacifica, Juncus lesueurii and

Deschampsia caespitosa. The above description applies to the gen-

eral mature high marsh community, ' the Salicornia-Iisthlis- uncu

Community.

The Potentilla..Descham;psia Community normally occupies a

narrow strip between the top of the general mature high marsh com-

munity and Sitka spruce forests. However, at Beaver Creek, a very

small estuary between Yaquina and Alsea Bays, this community

occupies several hectares. The Deschampsia at first is mixed

equally with Potentilla, then Potentilla becomes exclusive, becoming

very large and vigorous. The Potentilla ends abruptly with an eleva-

tion rise of about fifteen centimeters, at the level of extreme high

water during the growing season, to upland vegetation and a spruce

needle duff. If a parallel ditch exists between marsh and upland, this

community is missing. Therefore, the community apparently grows

over a narrow, specific elevation gradient.

A minor mature high marsh community occurring in Coos and

Yaquina bays is the Juncus erardii-Deschampsia-Juncus lesueurii

Community. The former rush has been tentatively identified as
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"appearing to be Juncus gerardii" (L. D. Johnston, Oregon State Uni-

versity Herbarium, June, 1974), but it lacks certain key character-

istics of that species and may possibly be an endemic. In this com-

munity plant cover is continuous and the substrate is firmly bound by

stout rhizomes of the rushes.

Most of the mature high marshes in Oregon have been diked,

so that only a few good examples exist. The marshes on the south-

east side of Sand Lake are extensive areas intermediate between

immature and mature high marsh. The large island at the mouth of

Poole's Slough, on Boone's Point, and a marsh three kilometers

downstream from Toledo on the north shore of Yaquina Bay are the

best examples of undisturbed high marsh in Oregon. A few very

small tributaries leading into the main bays have the old marsh with

islands of Sitka spruce, Picea sitchensis. An example is at the

mouth of Catching Slough on Coos Bay. Outside Oregon, however,

the marshes associated with Willapa Bay in Washington include very

old mature high marshes at the mouth of the Bear River on the south

end of the Bay. These salt meadows are criss-crossed with two

meter deep, narrow drainage ditches and many subterranean chan-

nels reached by hidden potholes. As with high marshes in Oregon,

a dock, Rumex maritimus, is occasional and a good indicator of this

type of marsh.

Upstream these marshes give way to marshes with Picea. The
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The National Estuary Study (USDI, 1970) and Nesbit (1885) labelled the

marshes as Tideland Spruce Meadows. According to records from

the 1800's (Nesbitt, 1885) and the turn of the century (Army Corps of

Engineers, 1918b), the spruce marshes were common along the

Columbia and Tillamook, and probably other estuaries as well. In

most instances levees were built along the river to stop flooding of

these areas. A several hectare remnant of this type lies behind a

broken levee on the south side of Yaquina River, four kilometers up-

stream of Toledo. Slumps and potholes to underground channels

abound, but open ditches are rare. Triglochin clumps, stands of

Carex lyngbyei and other typical salt marsh plants indicate the origin

of this area, Certain freshwater emergent and weedy wetland species

have invaded in higher, less saline parts of the marsh. On Picea

islands the understory is typically upland and dominated by false lily-

of-the-valley, Maianthemum dilatatum. I have seen these areas

flooded by tidal waters in the winter but not in the summer.

The ecotones between freshwater intertidal and brackish inter-

tidal vegetation and between salt marsh and upland were looked at

briefly. These transitions were determined by salinity measure-

ments with a portable salinometer and by the presence or absence of

certain halophytes including Triglochin maritimum, Plantago mari-

tima, Salicornia virginica and Distichlis spicata.

The Rogue and Chetco Rivers are high volume gravel bed rivers
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with intertidal gravel bars. I classified vegetation stands on these

bars as the Intertidal Gravel Marsh Vegetation Type. The plants are

covered by high tides of slightly brackish waters, but because the

rivers are strongly stratified near their mouths, the benthic algae

is distinctly marine. Patches of spike rushes, Eleocharis bella and

E. palustris, and scattered forbs grow on the crowns of the bars and

in shallow backwaters behind the bars.

The Bulrush Vegetation Type along the freshwater intertidal

sections of the Umpqua and other rivers was discussed earlier. The

tide in the Columbia River extends upstream to the Bonneville Dam,

but salinities drop sharply upstream from Astoria. The islands near

Cathlamet Bay have excellent examples of the Intertidal Freshwater

High Marsh Vegetation Type. Here the daily tide is at least 3-1 /2

feet. Excepting the bulrush marshes, the marshes begin abruptly

seventy-five centimeters or more above the tideflat. Deep drainage

channels and potholes typify the marsh surface, but sediments are

less stratified than those in high salt marshes. The vegetation is

dominated by Deschampsia caespitosa, Phragmites communis,

Eguisetum spp. , and Alisima plantago-aguatica. Many other species

are present, including an understory of Lilaeopsis occidentalis. A

complete vegetation survey of these island marshes is needed and an

initial survey is being conducted this summer (1974) by a group from

the Department of Fisheries and Wildlife at Oregon State University
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under contract with the U. S. Army Corps of Engineers.

Upland from estuarine salt marshes may be found cattail

marshes, bulrush marshes and skunk cabbage swamps. The transi-

tion to Scirpus validus has been previously discussed. A willow,

Salix hookeriana, grows in the bulrush marshes adjacent to sand

dunes, but outside of salt water influence. The transition to Typha

latifolia marshes is gradual, with a mixing of Scirpus validus, Rumex

maritimus, Carex lyngbyei, Carex obnupta and Deschampsia caespi-

tosa. The Typha may grow in brackish water. The transition to

skunk cabbage swamps is dramatic. Usually a strand line of drift

logs marks the top of the marsh. Freshwater streamlets penetrating

the upper marsh may have skunk cabbage, Lysichitum americanum,

growing in the bottom muck. If present, the overstory is Alnus rubra

followed by Picea sitchensis. Good examples of the transition to

Typha marshes are found along the north shore of Yaquina Bay and

the transition to Lysichitum swamps along the sores of Sand Lake and

Nestucca Bay.

Rarely is the transition between tidal wetland and upland grad-

ual, except in the sand dune areas and along levees and dikes. On the

west side of North Slough in Coos Bay, the marsh adjoins Picea

sitchensis-Pinus contorta forests in low areas between dunes. The

high marsh dominated by Deschampsia caespitosa includes Rumex

maritimus, then Rumex occidentalis, Grindelia integrifolia, Atriplex
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patula var. hastata, Potentilla pacifica, Typha latifolia, Lilaeopsis

occidentalis, Picea sitchensis, Myrica californica, Alnus rubra,

Vaccinium ovatum, and Lysichitum americanum. Outlyers of the

spruce and salal, Gautheria shallon, grow atop drift logs further out

in the marsh, The ground remains saturated throughout the summer

and is flooded by tides during the winter.

The transition between salt marsh and levees is gradual. At

the top of the marsh Potentilla begins to dominate, followed by Rumex

maritimus, Heracleum lanatum, Achillea millefolium, Aster subspi-

catus, Vicia gigantea, Galium cymosum, Epilobium watsonii and

young Picea sitchensis trees. Festuca rubra often invades on top of

logs and sticks. Excellent examples of such a sequence are found on

the northern portion of the Nestucca marsh and on the high marsh

adjacent to Cape Lookout State Park on Netarts Bay. Similar, but

less dramatic, transitions to natural uplands occur along the south

shore of Alsea Bay.

Discussion

The question may be raised whether the extensive sampling in

Coos Bay biased the selection and definition of communities. To a

certain extent, Salicornia and Scirpus validus were overemphasized

in the samples, because these plants are more frequent in the southern

and central estuaries than from Netarts north. However, the majority
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of undiked salt marshland occurs in the central portion of the state,

as indicated in Table 1. North Slough in Coos Bay provided an excel-

lent and unique location to study low marshes, because much of the

marshland there has apparently arisen since the building of the

Southern Pacific Railroad bed outside of which these new marshes

have formed,

I believe, however, that by sampling characteristic stands in

all the other estuaries in Oregon and by backchecking the commun-

ities and succession schemes in 1973 and 1974, that I eliminated

most of the bias in community designations and descriptions derived

from disportionate sampling in Coos and Yaquina bays..

The uppermost portions of marsh above extreme high water of

the growing season are infrequently flooded by storm tides and spring

tides augmented by winter flooding. These areas, along with fresh-

water intertidal marshes, I sampled only lightly because, although

they added to my understanding of salt marshes, theywerenotdirectly

within the scope of my research.

In a preliminary report of his work on plant communities and

the relation of species to elevation, H. Peter Eilers (1973) recognized

eleven communities based on his work on West Island in Nehalem Bay

on the northern Oregon coast. His communities are: (1) Scirpus

maritimus, (2) Triglochin, (3) Carex--tall type and Carex--short

type, (4) Triglochin-Deschampsia, (5) Carex-Deschampsia-
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Triglochin, (6) Carex-Deschampsia-Triglochin-Agrostis, (7) Juncus-

Agrostis, (8) Juncus-Agrostis-Festuca rubra, (9) Aster-Potentilla-

Oehanthe, (10) Carex-Aster-Oenanthe, (11) Picea-Salix. Based on

Eiler's descriptions and species lists, a comparison between his and

my communities is given in Table 3. The table shows that Eiler's

lower marsh communities correspond well with some of mine, but

are not as inclusive, whereas I lack the extreme high water and eco-

tone communities. Eilers developed his communities by clipping and

drying plants from 107 twenty by fifty centimeter plots in July and by

sorting with computer the plots into community units based on flor-

istic similarities and dominance ranked by contribution to dry weight.

This method of determining communities takes more fully into account

dominance than I did, but is neither particularly practical for mas-

sive sampling, nor accounts for the fact that nearly two-thirds of the

biomass of salt marsh plants in Oregon is underground (Paul Rudy,

Oregon Institute of Marine Biology, personal communication, 1974).

Johannessen (1961) did not distinguish communities in his study,

but rather he pointed out the continuum nature of the marsh vegetation.

A brief glance at my association tables (Appendix B) shows that there

are distinct communities, especially those with one or two species.

Frequently a vegetation continuum is found over a gradient, but in the

case of Oregon's salt marshes, the gradient seems very sharp so that

rapid species replacement and disjunctions occur. Often the disjunc-
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Table 3. Salt marsh plat communities on West Island, Nehalem Bay
(Eilers, 1973) compared to Oregon Salt Marsh Communities.

West Island Communities

Scirpus maritimus
T riglochin
Carex--tall type
Carex-short type
Triglochin- De s champ s is
Carex -Deschampsis -Triglochin
Carex-De schamp sia- T riglochin-

Agrostis
Juncus-Agrostis_
Juncus-Agrostis-Festuca rubra
Aster- Po tentilla - Oenanthe
Carex-Aster-Oenanthe
Picea-Salix

Oregon Salt Marsh Communities

Scirpus maritimus
(Salico rnia) - T r iglo chin
Carex
Carex

De schampsia-Carex-Triglochin
Distichlis-Deschampsia-Carex

Salico rnia-Distichlis- Juncus

tions are at breaks in slope. If a small area of marsh is investi-

gated, the communities may not be readily delineated, but when

several areas are compared, then clear-cut patterns emerge.

Using species succession information discussed in the next sec-

tion of this paper, I determined the possible relationships between

vegetation types and communities in terms of succession and gradient

ordination. The diagram for vegetation type relationships is in Fig-

ure 4 and for communities in Figures 5 and 6. The reasons for re-

placement of one community by another are usually complex and de-

pend, to a certain degree, on chance propagation of an invader and

deposition of drift logs or unusual quantities of sand and silt, and to

changes in tidal creek patterns, as well as on succession.
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SUCCESSION

Introduction

There is much discussion of succession in salt marshes con-

tained in the literature. Traditionally, the belt-like zones across

the marsh upward from the tideflat have been interpreted to be suc-

cessional patterns. If succession is defined as, according to Ker-

shaw (1964), a "directional vegetational change induced by environ-

mental change or by intrinsic factors of plants, " then the consecutive

zones should reflect both succession and species ordination along an

environmental gradient. The community zones represent fairly

definite ranges of tolerance for certain important environmental fac-

tors, including tidal scour, salinity, inundation, drainage, aeration,

nutrients and biota, with edaphic and biotic factors being more im-

portant in later seres (Chapman, 1960). Daubenmire (1968), how-

ever, cautioned that zonation in hydroseres cannot be presumed to

reflect succession unless these patterns are also found in plant debris

in the sediment, are validated by study of community change over

time in fixed plots, or by the presence of young individuals of invad-

ing species in younger seres and old, less vigorous individuals in the

lower portions of old seres. Ranwell (1972) elaborated on the prob-

lem in salt marshes by noting that "one has only to look at the slumped

clods of main marsh level communities doomed to die in the bottom of
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a creek to realize that the probabilities of any particular square

metre of salt marsh turf taking part in uninterrupted text-book suc-

cession may be very low indeed. " Jefferies (1972) also pointed out

that the presence of an individual perennial plant may very likely not

reflect present, but rather indicate past environmental conditions.

Many perennial plants or clones in salt marshes are long lived and

tend to have considerable phenotypic plasticity. Perennials are the

dominant plants in salt marshes except along the lowest tideflats and

the strand line.

Methods

From the transect data I plotted species cover versus distance

and, after discarding unusual plots, derived graphs as shown in fig-

ures 7 through 10. These data were used in determining plant suc-

cession patterns.

By examining plant debris in salt marsh sediments I attempted

to verify successional patterns derived from transect data. I re-

corded vegetation cover in quarter meter square quadrats spaced

every five meters along transects, and then collected two, one-half

inch diameter soil cores per plot, digging to the underlying clay or

sand free of plant debris. By examining the partially decayed mate-

rial I could distinguish root, stem and leaf material from nine plant

species. I recorded the type of material present. Of several
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Figure 7. Species distribution along a transect through low silt marsh adjacent to freshwater
channel, North Slough, Coos Bay.



75

METERS

Figure 8. Species distribution along a transect on low silt marsh,
North Slough, Coos Bay.
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transects attempted, only four, of which three were on sand and one

on silt, were usable. Usually plant debris in saturated silt substrates

was too decomposed to be identified in the field. The results of one

such transect are in figure 11.

Erosional cliffs of high marshes may be thirty to a hundred fifty

centimeters high. In the lower portion of the face, alternating layers

of peat and sandy clay are exposed. On very high cliffs the layers

are prominent until about fifty centimeters above the tideflat. Above

are unconsolidated silts extending up to the top thin layer of duff and

peat, which is one to twenty centimeters thick. Among the lower

strata are pyramidal clumps of well preserved Triglochin maritimum

roots and stems. I found these clumps to correspond to levels of

living Triglochin plants nearby and thus I used the plant remains to

indicate earliest successional stages. I examined the lower layered

material to identify the plant parts, if possible, and recorded the

height of the remains above the tideflat and below the surface. The

visible layers were counted. Portions of the substrate were exam-

ined with a dissecting microscope for presence and relative abundance

of plant parts and species. The remains of algae, mostly fuccoids

and green filamentous algae, and the other stem and root material

were used to determine the plants growing during development of the

marsh. Zostera seeds are found in large quantities in the substrate

around Zostera beds and in the laminated tideflat strata. Since the
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seeds do not float, they are not carried much above the level of the

Zostera beds, therefore, the seeds indicate the approximate tideflat

level when the marsh begins to elevate. I analyzed cliff sediments

from Yaquina Bay and River, Coos Bay, Alsea Bay and Netarts Bay.

While working on other projects I frequently dug into marsh

sediments and noted the depth to unusual objects, such as layers of

wood chips and ash or iron objects. These data could be used in cal-

culating rates of accretion.

To gain an idea of the approximate age of Triglochin plants that

are occasionally found growing on high marshes in apparently unsuit-

able locations. I dug down to the deepest underground stem material

and recorded depths. Jefferies (1972) reported that certain salt

marsh plants, including Triglochin maritimum, live several decades.

I also looked at the sides of creeks and potholes in diked marshes and

flood plains along the Yaquina and other rivers to verify the salt

marsh origin of these lands. The presence of deeply buried Trig-

lochin stems was the indicator.

In determining successional patterns, I also noted the presence

of young plants from later seres in newer seres and the decreasing

abundance of old plants from young seres in older zones.

To gain an estimate of the age of mature high marshes, I had

deeply buried Triglochin stem material radio-carbon dated. I cut in

about a meter from the outer bank of a marsh near Toledo on Yaquina
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Bay, and when Triglochin clumps were contacted I removed and

cleaned the material with metal instruments. No living roots were

found among the specimens. Two dried and cleaned samples were

sent to Dr. Kunihiko Kigosh of Gakushuin University in Japan for

dating. The age calculation was based on Libby's half life of the

carbon- 14 isotope being 5570 years. Organic carbon impurities in

the soil water around the plant material could contribute contamina-

tion, thus limiting the accuracy of the dates. At the time of sample

collection the soil water salinity was 22 ppt, but since the salinity

varies during the year, from saline to fresh, freshwater carbonates

could be contaminants also. The particular site was selected because

it is one of the highest and apparently oldest undiked salt marshes

along the Oregon Coast. The surface is regularly covered with ten

to sixty centimeters of water at high tides and the marsh is 1. 4

meters high above the tideflat.

Results

The soil profile from high marshes shows the development of

varves from below current barren tideflat level to about fifty centi-

meters above the Triglochin maritimum layer, where the partly de-

cayed stem material is found. I assume that these layers of alter-

nating peat and sandy clay are annual varves, as discussed in a

recent article by Redfield (1972). Above the current mudflat in
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Yaquina Bay are zero to ten varves of Zostera and algal peat, indi-

cating mudflat vegetation, then uniformly seven to nine varves, each

two to four centimeters thick in the Triglochin layer, followed by six

to nine varves above. At this elevation strata become indistinct,

although faint layers, numbering thirty to eighty, may be seen.

These top layers may be yearly, seasonal or tidal. However, the

thick and few varves around Triglochin indicate rapid sediment accu-

mulation in early succession. Varves are not apparent in sand

marshes. The well defined varves below seventy-five centimeters

above the tideflat in Yaquina marshes and other silt marshes can be

explained by seasonal changes in deposition of silts and marine sands,

as demonstrated by Kulm (1967), and by the formation of algal and

detrital mats on the tideflat surface during summer.

The carbon dated Triglochin material that was originally buried

a meter deep in high marsh sediments in Yaquina Bay gave dates of

410 ± 135 years and 770 ± 85 years before the present.

Figures 7 - 10 show the distribution of species along four of

the twenty-seven transects made parallel to the slope of the marsh.

These four transects are typical of the patterns found on sloping, low

marshes. On level, higher marshes the transects did not show rapid

species replacement and reflected, as expected, the more homogene-

ous communities found on these older marshes. Because the tran-

sects were made through somewhat different areas, no two transects
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yielded identical patterns, and because the width of a marsh varies

from a few meters to a hundred meters, the transect data could not

be combined to produce a composite diagram showing species replace-

ment. Figure l lb shows a transect on sand, Figures 7-8 on ,low silt.

Figure 9 a Carex marsh and Figure 10 a transect along a water-

logged freshwater creek through a silty low marsh. Of the four suc-

cessful transects in which the plant residues in the soil were analyzed,

the results of one such transect are in Figure 11, Clearly the strati-

fication of plant debris in the substrate reflects the surface zonation,

indicating succession follows the pattern on the surface. Figure 12

shows the zonation of vegetation types compressed into a short tran-

sect in Nestucca, beginning on a sloping silt tideflat and progressing

upward to mature high marsh. I made the diagram in Figure 12 by

combining the cover values of indicator species for the vegetation

type s.

I prepared a scheme of salt marsh species succession from the

transect data, based on the assumption, validated above, that zona-

tion usually indicates succession. Early schemes were checked in

the field in 1972, 1973 and 1974 and appropriately modified. The

final species succession scheme is in Figure 13.

Figure 13 shows the three main modes of succession; those on

sandy substrates, on silty substrates and in ditches or areas of

freshwater influence over silts. Obviously every possible permuta-
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tion of species replacement is not represented, but the most common

patterns are indicated. Certain species may not be included also.

Because suspended sands are lower in the water column than silts, a

marsh may begin on a sandy substrate and progress upward onto a

silty substrate, so that the successional sequence may shift from a

sand to a silt sequence. In the scheme only primary succession is

shown for sand and silt substrates, but secondary succession may be

followed for areas over which freshwater channels have been diverted.

Carex lyngbyei can be seen to be an important intermediate species

in nearly all seral sequences. The final stages, designated by boxes

in Figure 13, probably are not successionally related, but rather

indicate the upland vegetation above the marsh. In the cases of

Scirpus validus and Typha latifolia, the plants may be in both brack-

ish tidal and fresh nontidal water so that these plants may represent

seral species or climax species. The mature high marsh community,

the Salicornia-Distichlis-Juncus Community, is the usual climax com-

munity, barring diking or change in sea level.

Determination of endpoints for silt seral sequences was difficult

because the majority of salt marshes adjacent to forests and swamps

have road or railroad dikes between the salt marsh and inland vegeta-

tion. However, marshes in Willapa Bay are not so badly disturbed,

so I noted terminal or ecotonal species in that estuary, as well as in

Oregon estuaries.
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Colonization of tideflats proceeds slowly at first until an opti-

mum reproducing plant population is reached, then a few species in-

vade rapidly, slowing when elevations approach higher, high tide

levels. At this height the typical high marsh dominates and second-

ary succession occurs in disturbed areas on the marsh surface.

Early succession involves mainly mono- and di-specific communities,

and later seres also have few species. About sixty species have been

identified as salt marsh plants, but at most fifteen are important in

any one marsh.

The type of tideflat sediment and salinity determine initial plant

succession. By trapping fine silts and by the deposition of plant

material, most marshes lay down peat-silt sediments unless aeolian

sand is actively deposited. Initial preparation of mudflats for coloni-

zation by vascular plants involves a variable sequence of macro-algae

ending in Polysiphonia pacifica and Cladophora racilis and scum s of

diatoms and bacteria. The populations of algae species, and the

species structure of the surface communities, appear to change sea-

sonally, depending, most likely, on temperature, light and salinity.

These early scums and mats stabilize the surface and provide nutri-

ents for later plant growth. Also the invertebrates associated with

algae are probably important in aeration of sediments and accumu-

lation of detritus. The submerged plants, Zostera marina and Ruppia

maritima, may also be present. Ruppia extends up into the marsh in
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the low areas among colonies of vascular plants, indicating that it

may be an integral part of the salt marsh, whereas Zostera usually

stops at or below the level of emergent marsh plants. There may be

a barren zone above the Zostera, therefore, this plant probably can-

not be considered a part of the salt marsh vegetation.

Higher plant colonization may begin with coalescing colonies of

either Triglochin maritimum, on silt, or Salicornia virginica, on

sand or sandy silt. Smaller plants with spreading rhizomes and roots

anchor the substrate, These small plants include Spergularia marina

and Eleocharis parvula on silt and Spergularia canadensis var. occi-

dentalis on sand. Then plants with rapid propagation by runners or

rhizomes, including Carex lyngbyei and Distichlis spicata, invade the

stabilized substrate between the higher clumps. Finally center die-

back of the enlarging vegetation islands permits several species to

invade these higher, barren areas. Deschampsia caespitosa and

Carex are the main invaders at this point, although Salicornia may be

found in the middle of Triglochin colonies. The maturation of subse-

quent Deschampsia tussocks is coincident with the colonization of

Juncus lesueurii in the hollows. Drainage patterns become altered.

These events prepare for the diverse vegetation of a mature high

marsh.

Alternative seral sequences occur on sand. Rather than form-

ing large elevated colonies, the small grass, Puccinellia pumila may
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grow scattered across newly formed sand flats. Another sand spurry,

Spergularia macrotheca, may act as a substrate binder along with

green and bluegreen algae. Individual plants of many other species

invade the open spaces until a nearly continuous cover is achieved.

If there is some freshwater seepage out of the sand, the non-halo-

phytes tend to dominate, such as Triglochin concinnum, Lilaeopsis

occidentalis, Juncus bufonius and Scirpus cernuus, In more saline

areas small halophytes, such as Plantago maritima and stunted Tri-

lochin maritimum, grow individually. Scattered elevated colonies

of Salicornia also occur in such areas, On undisturbed sands adja-

cent to sand spits, such as Netarts Bay, Ruppia and Zostera extend

up to Scirpus americanus. Behind the Scirpus are stands of Carex

lyngbyei, which is not particularly vigorous, followed by a closed-

cover sand community typical of most high sand marshes. Where

salinity is high and wave action low, the initial invader, Salicornia,

may form a low continuous cover followed by salt grass, Distichlis

sp- i cata, and Jaumea carnosa, Small fucoids form an understory.

Triglochin concinnum, Plantago maritima, Orthocarpus castillejoides

and Lilaeopsis occidentalis come next followed by a rise in elevation.

Carex lyngbyei, Trifolium worm skjoldii, Deschampsia caespitosa,

Juncus lesueurii, Grindelia integrifolia, and Potentilla pacifica

occupy the upper marsh below upland sand plants. Generally plants

in sand sequences are smaller than those in silt,
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Discussion

A valid question is whether the succession patterns I synthesized

are real rather than artifacts of zonation over environmental gradi-

ents. One of the transects in which I analyzed plant debris indicated

that the surface zonation reflected past disturbance and secondary

succession. Similar results from less systematic substrate analysis

came from areas where surface drainage channels have shifted course

or where logs have been stored. However, once I developed a succes-

sion scheme from transects and debris analysis, I modified and cor-

rected the scheme while visiting areas known to be newly formed out-

side of dikes or levees or on dredge spoils. Therefore, I think that

the succession scheme is essentially accurate.

Ranwell (1972) and Chapman (1960) reported, in agreement with

my observations, that colonization of tideflats occurs at first very

slowly until certain environmental threshold levels for plant growth

are reached, then afterwards colonization is extremely rapid and

often dominated by pure stands or communities of a few pioneer

species. Ranwell (1972) further noted that if the threshold level is

sufficiently high on the tideflat, initial colonization by the main marsh

plants can occur almost simultaneously, so that a mixed pioneer com-

munity results. These two possible modes of marsh development are

reflected in my species succession diagram in Figure 13, which
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represents initial one and two species colonization, and by the com-

munity succession schemes in Figures 5 and 6, which include some

mixed pioneer communities. Although most of the species active in

succession in Oregon are different from marshes elsewhere in the

world, the patterns and processes in succession are similar.

Certain plants raise the elevation of the salt marsh above the

tideflat. Each stepwise rise is accompanied by a new set of environ-

mental factors that control vegetation. Rapid elevational increase

results when a plant has a growth form that traps suspended and

drifting debris and sediments or if a plant produces excessive quan-

tities of litter. Other plants fill in on top of raised colonies of initial

invaders or on the surface of unconsolidated sediments trapped be-

tween such colonies. In Oregon salt marshes four species are most

important in raising marsh levels: Triglochin maritimum, Salicor-

nia virginica, Deschampsia caespitosa and Carex lyn b ei.

Triglochin maritimum, the pioneer species on silt and occa-

sionally on sand, grows vegetatively in clumps that expand outward

and eventually coalesce. Triglochin stabilizes the substrate, traps

small debris, and builds up a compact mass of roots and stems under-

ground, resulting in an elevation increase of fifteen centimeters or

more before other plants begin to take over. Trapped debris include

rafts of algae, sticks and wood or bark, and dead leaves. Also silt

is seen to layer on top of Triglochin growing on sand.
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Salicornia virginica causes elevation gain and substrate stabili-

zation by growing in coalescing islands that eventually form a continu-

ous cover and mat of rhizomes. Reproduction is mainly vegetative.

In exposed areas Salicornia grows spread out and close to the ground.

Frequently algal rafts festoon Salicornia colonies low on sand flats.

Where Salicornia grows on top of a Triglochin colony rooted in silt,

sand is collected to a depth of several centimeters. On sandy sub-

strate the accumulation of sediment is less evident.

Deschampsia caespitosa, tufted hair grass, grows in tussocks

that are elevated ten to twenty-five centimeters above the marsh sur-

face. Young plants are found to start growth on slight elevations,

often on bark pieces or on Triglochin and Salicornia islands, and sur-

face irregularities. Tussocks grow to a diameter of about forty cen-

timeters and the average surface height is increased by a large num-

ber of plants growing near each other. The Descham sia redirects

surface runoff and permits accumulation of sediment between tus-

socks. Other plants invade the space between tussocks so that these

areas rise to the height of the grass. Reproduction is by seed.

Carex lyngbyei reproduces vegetatively by rhizomes and grows

in a one species community spreading outward in all directions. Rhi-

zomes and roots are shallow, filling the substrate completely, but

also appear to decay rapidly, leaving little structure in silt sedi-

ments. Old rhizomes are preserved in sand, however. Carex
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encourages marsh elevation by trapping algae rafts and wood and by

catching small debris on the up-slope side of each plant. Carex sheds

abundant leaf material which decomposes rapidly or is washed away.

Young marshes appear to rise very rapidly during this stage domi-

nated by Carex. Although sufficient evidence is lacking to make defi-

nite conclusions, Carex must trap fine sediments by slowing down the

velocity of runoff water, causing suspended materials to settle to the

bottom.

Elevation of the marsh surface and stabilization of the substrate

are two functions performed by these four species that are early in

succession. When the substrate is stabilized, new seedlings are less

likely to be washed away. Higher elevations permit a more favor-

able tide condition for later plants. Undoubtedly these early coloni-

zers are also important in preparing the substrate by the addition of

nutrients and air passages,

Simple patterns of succession, in which species ordinate along

an age-slope gradient, are confused by irregularities in land form

history. Marsh formation behind sand spits results from deposition

of wind blown sand and trapping of suspended sediments. Typically

the marshes are young and of the low type, and the more mature

marshes are situated at the proximal end of the spit. The low

marshes have distinct succession patterns, with the younger corn-

munities at the water's edge. Frequently smaller streams entering
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estuaries form deltas. Salt marshes developing on these deltas are

more mature upstream, but show small scale succession in all direc-

tions along current and abandoned tidal creek channels. River bars

are formed as medial deposits and along points. Point bars often

form with a series of old channels and terraces. Plant colonization

of these areas result in salt marshes growing from the top of the bars

outward in either direction, eventually meeting marsh growing from

adjacent bars and trapping enough sediments to form a continuous

marsh. Old plant communities therefore alternate with younger

communities. Because of the tides, upland plants do not invade as

readily as on other river terraces. Sloughs, reduced to tidal creeks,

remain for a long time between the marsh and upland, and are similar

to sloughs along slow moving rivers. The filling and succession of

marshes in shallow bars along estuaries proceeds unidirectionally

unless compounded by tidal creeks or bars. On the salt marsh itself,

particularly on higher marshes, apparent successional patterns are

confused by secondary succession around creeks, pans, rotten spots,

drift logs and dikes.

A modern geographic feature is the dredge spoil island. These

areas, found in Coos, Umpqua, Siuslaw, Yaquina and Columbia estu-

aries, have variable succession patterns that depend on elevation,

substrate type, salinity and past history of the spoil site, Further

study of plant succession on spoils would be beneficial if the Army
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Corps of Engineers plans to stabilize intertidal spoils or create salt

marshes such as is being attempted in North Carolina (Woodhouse,

et al. , 1972).

The two carbon dates obtained from old marshes are, to my

knowledge, the first recorded dating of salt marshes on the Pacific

Coast of North America. The dates of 410 ± 135 years and 770 ± 85

years demonstrate the very recent formation of these marshes com-

pared to those marshes dated in Europe and eastern North America

as being thousands of years old (Redfield, 1972). Ranwell (1972)

pointed out that, in Europe at least, salt marshes reach stability in

a period of a couple hundred years. Unfortunately I did not date

Triglochin material buried beneath diked flood plains. Such material

probably would have yielded an older date, although I suspect that

ages greater than 1000 years would not have been found from the

Triglochin stems buried a meter deep. Possibly very old Pleisto-

cene marsh sediments lay deep below these flood plains, but I did

not determine that. The recent slight submergence of the central

and northern coast should preclude the presence of post-Pleistocene

salt marshes near the upper limits of tidal influence today.

Varve layers around Triglochin material in the soil column at

the dated site indicate that the maximum rate of accretion was a half

meter in thirty years and a minimum rate of six centimeters in thir-

teen years, or 0.5 to 1.7 centimeters per year. The remaining
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accretion to the top of the marsh, sixty to a hundred ten centimeters,

took another 370 to 740 years. The accretion rate of 0. 5 to 1.7 cen-

timeters per year for low silt marshes is compatible with accretion

rates for partina marshes in England (Ranwell, 1972). Very likely

the rates of accretion vary from almost zero to more than two centi-

meters per year in other salt marsh locations and types in Oregon.

Johannessen's (1961) conclusion, therefore, that low salt marsh

expansion in Oregon has occurred very rapidly in the past 100 years

could be correct, judging by the accretion rates I obtained for low silt

marshes and by the large areas of such marshes in the estuaries

today,

Johannessen arrived at his conclusion by comparing old topo-

graphic maps prepared in the late 1800's and early 1900's with cur-

rent aerial photographs and site visits. He related, as a result,

breaks in slope of the marsh to former boundaries of salt marshes

shown in the old maps. He then interpreted the apparent marsh ex-

pansion in recent years to increased sedimentation resulting from

land use practices in coastal watersheds. Other authors having

shown these abrupt transitions in elevation to be related to tidal

scour and formation of natural levees (Chapman, 1960), 1 had occa-

sion to question Johannessen's conclusions. I procured from the

National Ocean Survey old maps of Yaquina Bay (1914) and of the

north central coast (1878) and compared the boundaries drawn on
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these maps to those on 1972 estuary maps prepared by the Oregon

Division of State Lands, as well as comparing some of the maps in

Johannessen's paper to the current maps. The marsh boundaries on

the 1972 maps in many places corresponded almost exactly to boun-

daries on earlier maps, but did not at all correlate with actual marsh

boundaries discernible in the field and on aerial photographs. The

U. S. Army Corps of Engineers and the State of Oregon (Oregon Divi-

sion of State Lands, 1972) define land to end at mean high water and

intertidal to extend from mean low water to mean high water. Thus

Johannessen made a critical error in comparing mapped boundaries

from old maps to actual boundaries and presuming the difference was

due to accretion, when, in fact, the difference may as well be due to

the definition of land used in mapping. Johannessen's paper was use-

ful, however, in locating definitely new marshlands outside of recent

dikes and in providing the first extensive descriptions of Oregon's

salt marshes.

Extensive young marshes found today in Oregon's estuaries

may very well be related to increased sediment loads in coastal

streams during the past century and a half. Whether the increase in

sedimentation has been caused by land use practices, as Johannessen

(1961) suggested, or by increased erosion following the extensive

coastal fires of the 1800's and increased rainfall, remains specula-

tive. The latter possibility could be checked by growth ring analysis
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of trees in the Coast Range or by the presence and dating of drowned

forests in sand dune lakes that are dependent on water table fluctua-

tions. Such lakes occur on North Spit of Coos Bay. Land use prac-

tices could have contributed significantly to sedimentation because

large portions of the Coast Range have been clear cut and clear cuts

have been definitely shown to greatly increase sedimentation in coastal

watersheds (Fredriksen, 1973).

In 1941 V. J. Chapman and A. G. Tansley debated whether salt

marshes can be considered as a climax. Tansley argued that salt

marsh is a climax "in the conditions under which it exists" and as-

signed "migratory formation" status to salt marshes. That is, salt

marshes remain a distinctly different formation unless a major

change in environmental conditions occur, such as a drop in sea

level. In such a case, the formation evolves into another formation,

in the same manner that a very long drought may cause a forest to

convert to grassland. Chapman, however, continued to write about

salt marshes into the 1960's, so that his idea of salt marshes being

dynamic seres prevailed.

I would concur with Tansley that, in Oregon at least, salt

marshes are a climax. Usually a sere is distinguished by having

younger members of the next sere present in its upper limits. How-

ever, there are no trees or sand dune plants in the salt marsh proper

except on top of drift logs. Ecotones, if present, are very narrow
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and contain a unique collection of plants with almost no representa-

tives of either the marsh or upland communities. The only types of

salt marsh which may be seral to inland climaxes are the Scirpus

validus marshes which begin in intertidal brackish water and extend

up into non-tidal freshwater conditions. Outlyers of Typha latifolia

may also be found in salt marshes. Neither of these two examples,

however, imply that salt marsh is seral to either forest or sand dune

climaxes. I interpret the transition marshes in freshwater intertidal

areas in the Columbia to be a response to the salinity gradient and

not later sexes of salt marshes.
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ENVIRONMENTAL FACTORS

Introduction

The distributions of salt marsh plants and communities have

been causally related to duration of tidal flooding and exposure, water

quality and depth, water table fluctuations, soil nutrients, aeration

and salinity;; .Of course no single factor has been proven to be entire-

ly responsible for plant distributions, but traditionally salinity and

tidal elevations have been concentrated upon most (Waisel, 1972;

Chapman, 1960), At the present time, H. Peter Eilers, a graduate

student at Oregon State University, is attempting to relate salt marsh

vegetation to elevation and to develop a method of photographic inter-

pretation of plant communities that will indicate elevation, particu-

larly of mean high water, without the necessity of field elevation

measurements. His results suggest that such methods are not very

feasible (Eilers, 1973).

A recent development in salt marsh research is the concern for

determining the environment at the time of establishment of perennial

species and of their root environment. These factors are probably

more important in determining species' distributions than either sub-

mergence or salinity (Adams, 1963; Chapman, 1970; Jefferies, 1972;

Pigott, 1969).

Having observed a strong zonation in plant distributions, I
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sought to determine and quantify overriding environmental factors

responsible for this distribution pattern. I investigated tidal sub-

mergence and exposure values, water table depths, soil salinity, soil

water salinity, tide water salinity, and elevations in order to check

for correlations with species' distributions in salt marshes. The

time of seedling establishment and sprouting of perennials was also

related to environmental factors. I wished to determine if the salin-

ity of the soil solution was more important than flood water salinity,

and if water table depth was as important as period of inundation for

plant distributions.

Methods

During the springs of 1972 and 1973 1 visited salt marshes

approximately every two weeks and noted the presence of newly

sprouted or germinated plants in order to relate these sequences to

tidal and salinity regimes. Occasional observations were also made

in 1974. 1 made most of the observations on low silty marshes in

Alsea Bay and on high silt and sand marshes in Yaquina Bay. Visits

were made from mid-February to mid-June, by which time all the

common plant species had appeared.

I attempted to relate salinity to germination success in common

salt marsh plants. In September and October of 1972 1 collected

approximately 2000 seeds from Triglochin maritimum, Salicornia
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virginica, Agrostis alba, Distichlis s cata, Deschampsia caespitosa,

Carex lyngbyei and Juncus lesueurii and 200 seeds each from Lilae-

opsis occidentalis, Ruppia maritima and Atriplex patula var. hastata.

I sorted the seeds and removed the obviously non-viable seeds that

had fungal infections or were not fully developed. I found that 40 - 90%

of the sorted seeds were obviously not viable, with the highest per-

centage for grasses and the lowest for Carex. The remaining seeds

were rinsed in Chlorox and fifty seeds of each species were placed

between moist paper toweling in petri dishes. Only a few of the seeds

germinated after three weeks in distilled water at room temperature,

so I stored the remaining dry seeds at 4. 5 C until the seeds would

normally germinate in the spring, about five months later. Again

only a few seeds germinated, so I did not experiment further with

varied salinities. The methods I used were modified from those of

Ungar (1966). Difficulty in germinating salt marsh plants in the

laboratory is well known (Chapman, 1960) and researchers in Cali-

fornia, using local salt marsh plants, including Distichlis spicata,

got extremely low germination rates also (Phleger, 1971; Barbour

and Davis, 1970). 1 did not try sprouting the plants from rhizomes

under different salinity regimes as did Barbour and Davis (1970),

because there are no adequate controls in such an experiment.

The salinity of tidal water has frequently been examined in

determining the relationship of salinity to plant distributions.
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Chapman (1960) demonstrated that during high tides the surface water

and soil water in a salt marsh is separated by a thin layer of aerated

soil, so that interstitial water salinity is probably more important to

plants than flood water salinity. Therefore, I monitored free soil

water and soil salinities twenty times from February, 1972, to

February, 1973. During the growing season the samples were taken

every two weeks. The marsh on which I sampled was a mature high

marsh located three kilometers downstream from Toledo on Yaquina

Bay. The marsh surface rises abruptly 1. 1 meters above the tide-

flat and is submerged with all high tides in excess of seven feet above

MLLW. Figure 14 shows that the tide covered the marsh at least

once each day except for fifteen days during the sampling period.

During a comparable rainfall year and tidal year of 1967-1968, the

surface water salinities varied from 0 - 30 ppt during high tides

(Callaway, et al. , 1969).

Three sites were selected for monitoring. No. 1 was ten

meters from the landward edge of the marsh and no less than eight

meters from a major drainage channel. The vegetation was Grindelia,

Juncus, Deschampsia and Agrostis. The soil included an eight centi-

meter layer of duff overlying silts and roots to seventy-five centi-

meters. Clay occurred below seventy-five centimeters in all three

sites. The rooting zone extended twenty-five to thirty centimeters

deep. After high tides and rain, water stood in a few shallow
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depressions on the surface. Site No. 2 was midway across the marsh

and in a stand of nearly pure Distichlis. The site was no less than

four meters from a narrow, thirty centimeter deep secondary chan-

nel. The surface was about ten centimeters below the rest of the

marsh. The top fifteen centimeters of the soil profile was matted

grass roots overlying silts. Site No. 2 had standing water on the

surface after all high tides and rainfall, and the water table was

usually at or near the surface. Site No. 3 was located fifty centi-

meters from the outer edge of the marsh. The vegetation was simi-

lar to No. 1, but with fewer Grindelia plants and with scattered

Carex. The soil was well drained and standing water uncommon.

In order to collect samples, I drilled an one inch diameter hole

to at least a meter deep, collected the soil from the rooting zone and

let the water rise to a steady level by waiting for a half hour. The

size of the hole did not appear to affect the height of the water column

very much, I measured the water table depth with a dip stick and

collected a sample with an aspirator. All samples were taken within

two hours of the lowest daylight tide on the sampling date and were

located within a nine square meter area around the center of the site.

After sampling I filled in the holes. Chapman (1964) discussed the

relative merits and inaccuracies of the various methods of determin-

ing salt marsh water table depths and concluded that the type of

method I used was adequate.
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Soil water salinity was determined by a portable salinometer,

model #33, made by the Yellow Springs Instrument Company. Pre-

cision was ± 1 ppt. I allowed water samples two hours to settle out

suspended materials and then measured salinity of the supernatant.

Soil salinities were determined with the salinometer after the

method of Giglioli and King (1966). The soils were air dried, broken

up and passed through a two milimeter sieve, then diluted 5:1 by

weight with distilled water and left standing for two hours. I then

filtered the sample through Watman No. 1 filter paper and measured

the salinity of the filtrate.

Throughout the study period I made salinity measurements

irregularily on soil water, standing water, water in salt pans, and

surface water. I used the salinometer or a hydrometer for these

measurements which were taken in all Oregon estuaries.

On August 4, 1971, 1 measured surface water salinity during

high tide along the length of North Slough of Coos Bay and up into the

freshwater zone of the slough, in order to determine dilution of tidal

water up a small estuary. The salinity had a 0. 9 correlation with

distance. For the following twelve hours, or one tidal cycle, I mea-

sured salinity every two hours at the mouth of North Slough. Preci-

sion was ± 0. 5 ppt for the hydrometer I used. A tidal salinity change

similar to that I obtained is given in Figure 15, which relates tide
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height and salinity for an August day near Toledo at the site I moni-

tored soil salinities.

Surface water salinity data and tide heights were garnered from

miscellaneous reports on the estuaries (Oregon State University,

1955). Salinities at the Marine Science Center on Yaquina Bay and

at the Oregon Institute of Marine Biology on Coos Bay are frequently

monitored., and I often checked these values. Salinities measured at

tides above the marsh elevations were used to obtain seasonal ranges

of salinities of surface waters,

For approximation of marsh, species and community tidal ele-

vations, I took 388 measurements of thirty-eight species' elevations

above mean sea level via benchmark leveling with a Dumpy level

along the west side of North Slough. I centered the level on a board

platform located in the middle of seven of the vegetation transects

and recorded elevation of plants located along the circumference of

circles of increasing radii. Plants from all elevations were thereby

sampled in rough proportion to their abundance. The number of mea-

surements ranged from forty-three to two per species. On a high

marsh in Yaquina Bay I made 105 elevation measurements relative

to a permanent triangulation point marker which was compared on

two occasions to local tide height corrected from recordings at the

Marine Science Center, Newport. Precision for the Coos Bay data

was ± 0. 1 foot and ± 0. 5 foot for Yaquina Bay, These data were used
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to compare the plant and marsh elevations to annual tide levels and

to give elevational ranges for each species. Sea level elevation was

corrected to MLLW with a correction factor provided by C. I. Thur-

low of the National Oceanic and Atmospheric Administration (personal

communication, 1973).

From April 1967 through July 1968 the Federal Water Pollution

Control Administration (FWPCA, now Environmental Protection

Agency) monitored tide height and water salinities every half hour

at various points along Yaquina Bay and River (Callaway et al. , 1968).

One of the sites, Crisiter's Dock, is located 600 meters upstream of

the high marsh where I measured species elevations and ground water

salinity. I plotted the tide data from this location and compared times

for exposure at various elevations to similar calculations based on the

National Oceanic and Atmospheric Administration (NOAA) data gen-

erated at the Marine Science Center, eleven kilometers downstream.

Dr. J. J. Gonor, of Oregon State University, has developed a com-

puter program to determine tidal exposure based on the NOAA data

(Thum, 1972). During the growing season of April through September,

the average exposure times based on the NOAA and FWPCA data

varied less than 5% in 1967. Therefore I assumed that the data from

the Marine Science Center could be used to give a fairly accurate pic-

ture of tides at most locations along the Yaquina estuary during the

growing season. The winter data did not correlate well, probably
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because of flooding in the upper portions of the estuary during heavy

rains. Table 6 gives the range of average percent tidal exposure per

day for the years of 1967 through 1969 during the months of April

through September, based on Gonor's calculations (Thum, 1972).

Re suits

The dates of new seedlings or sprouts of salt marsh plants in

Yaquina and Alsea bays varied each year. Presumably, therefore,

environmental factors other than photoperiod stimulate new growth

of most plants. Despite the timing of spring growth, the plants reach-

ed seed maturity at consistent times, beginning seed development in

late June and dropping seed in late August and September. In 1972,

Juncus lesueurii, Deschampsia caespitosa and Potentilla pacifica

began to appear dried out as early as the end of June.

In 1972, after heavy winter runoff, the first sprouts of Poten-

tilla pacifica and Carex lybyei appeared in February, followed by

new growth in the high marsh perennials in early March. Perennial

species or individuals growing in the lower marsh sprouted in mid-

April, and the annuals appeared in mid-May. By early June most

individuals were full. sized. Spring 1974 followed another very wet

winter with mild temperatures. Spring phenology parallelled 1972

except that most of the perennial species, except Salicornia, began

new growth in late March. Two upland weeds, Hordeum ,jubatum and
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H. brachyantherum sprouted in late May, while another weed, Poly-

gonum aviculare var. littorals, appeared in August. Orthocarpus

castillejoides and Glaux maritima are two summer ephemerals that

grow for a few weeks in June or July.

Winter 1972 - 1973 was cold and dry, with snow and freezing

temperatures along the coast. The following spring and summer was

a hot drought period. Runoff remained low most of the year and

higher than usual surface salinities occurred in the upper reaches of

Yaquina Bay. The first shoots of Juncus and Agrostis alba sprouted

in late January and were followed by Deschampsia, Potentilla, Lilae-

opsis occidentalis, Carex and Atriplex patula in early February. The

remainder of the common species began growing in March and the

first week of April. In 1973, therefore, the salt marsh plants began

growth earlier than in either 1972 or 1974. Many of the plants sen-

esced in July, by which time the temperatures of the ground surface

during low tide often reached 43 C and salt was precipitated on the

plants and higher ground.

During exposure the marsh plants are affected by salinity of

free soil water and by salts bound to clay particles. Figure 16 shows

the soil water salinity and Figure 17 the soil salinity after a 5:1 dilu-

tion with water. From March until the end of August the soil water

salinity rose steadily to a maximum of 30 ppt during low tide. Salin-

ities in excess of surface water salinities result from evaporation of
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standing water. Various measurements of salinities in salt pans

were in excess of 40 ppt and salt had precipitated. In such instances

the only plants, if any, were stunted shoots of Salicornia. After the

beginning of September the salinity of the ground water dropped rapid-

ly with the onset of seasonal rains, reaching a minimum of 2 ppt in

January and February. The samples taken from Sites No. 1 and 3,

which were similar in elevation and vegetation, ranged 1 - 3 ppt

greater during the winter and several parts per thousand less in the

summer than Site No. 2 in the Distichlis stand.

Soil salinities (Figure 17) showed the same general trend for

sites No. 1 and 3, but in No. 2 the salinity rose 5 ppt higher during

October through January. During the winter standing water is more

or less continuous on this site, so the high soil salinities may result

from the marine salts from tide water adhering to clay particles in

the soil, Salts are free in the soil solution only after clay particles

are saturated with salts. Therefore, if the amount of available salts

was low enough, the soil water could be less salty than the soil, as

indicated by the graph for site No. 2.

In the locale of salt marshes in the estuaries, during April

through September the water salinities during high tides varied from

1 to 36 ppt and from 0 to 31 ppt during the rest of the year (Oregon

State University, 1955).

Figure 18 shows the water table depths at the times of soil
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Figure 18. Water table depth, February 1972-1973.
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water sampling throughout a year. As expected from the substrate,

which was a mass of roots, the water table in site No. 2 was at or

near the surface throughout the year. Site No. 3, adjacent to the

outer bank of the marsh, was well drained, probably by lateral seep-

age, From marsh cliffs water drips continually from the soil, par-

ticularly through sand and peat layers. Site No. 1 was at the upper

end of the marsh and over clays, as well as being as far from a

drainage ditch as any point on the marsh. The site was not well

drained and had fluctuating water table depths, At the times of

sampling, water tables were usually below the thirty centimeter

rooting zone. The fluctuations in depth do not reflect seasonal

changes, but do roughly correspond to the relative height of the pre-

ceeding high tide, as shown by comparing Figures 14 and 18. Chap-

man (1960) found that water table depth has a linear relationship with

tide height, and the lag time depends on soil drainage properties and

period of inundation. I found that water tables in low marshes were

near the surface all the time, except in sandy marshes which were

better drained. Silts with no structured organic debris were the

most waterlogged and reduced, giving off a strong hydrogen sulfide

odor from the black sediment just below the surface.

Table 4 shows the ranges and averages of elevations of salt

marsh plant species for North Slough in Coos Bay. The elevation

points from Yaquina Bay fit within the species ranges, but since all
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Table 4. Elevation ranges of salt marsh plants, relative to MLLW.

Species (N) Feet:

Zostera marina (1)
Ulva linza (9)
Cladophora gracilis (9)
Fucus distichus (19)
Scirpus validus (18)
Enteromorpha compressa (10)
Scirpus americanus (12)
Spergularia marina (17)
Carex lyngbyei (26)
Ruppia maritima (5)
Enteromorpha intestinalis (5)
Scirpus maritimus (6)
Cyanophyta (8)
Eleocharis parvula (14)
Jaumea carnosa (15)
Salicornia virginica (43)
Lilaeopsis occidentalis (6)
Triglochin maritimum (21)
Cotula corono,pifolia(11)
Distichlis s i cata (29)
Deschampsia caespitosa (21)
Scirpus cernuus (4)
Agrostis alba (2)
Atrlplex patula (8)
Juncus gerardii(5)
Juncus leuceurii (10)
Grindelia integrifolia (7)
Glaux maritima (2)
Hordeum brachyantherum (5)
Plantago maritima (15)
Cordylanthus maritimus (3)
Potentilla pacifica (3)
Picea sitchensis (2)
Rumex maritimus (2)
Heracleum lanatum (2)
Acillea millefolium (2)
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Table 5, Elevation ranges of types of salt marsh, relative to MLLW.

Marsh Feet: 4 5 6 7 8 9 10 11

Algae + Zostera
Low Silt Marsh
Sand Marsh
Silt Marsh
Sedge Marsh
Silt + Freshwater

Low __4l-f igh
Low , High

Bulrush Marsh r--- ----;

MT MLHW MHHW EHW g* EHW
Extreme High Water, growing season, 1971.

the elevations were taken on high marshes in Yaquina, these data do

not fit the whole range of the species, and would greatly bias the

averages if used. Table 5 indicates the tidal elevations of high

marshes, low silt and sand marshes, sedge marshes, bulrush

marshes and marshes with considerable freshwater runoff. The data

from the sand marshes is from Macdonald's dissertation (1967) and

refers to Pony Slough on Coos Bay, The tide recordings were from

the Marine Science Center, Yaquina Bay.

The tidal elevations of vascular salt marsh plants in Oregon

begin just above mean tide level and extend upward to a point between

extreme high water and highest water during the growing season,

based on 1971 data, which was the year the elevations were measured.

Both the macro-algae and the vascular plants are clearly sequenced

along the intertidal. Because of the mode of sampling, some
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individuals of each species may grow slightly higher or lower than

those sampled. I did not record the communities to which individuals

belonged, therefore, community elevations can not be determined.

Sand marshes begin lowest in the intertidal, followed by low

silt marshes, marshes with large amounts of freshwater drainage,

bulrush marshes, sedge marshes, high sand marshes, and high silt

marshes. The high marshes begin near MHHW and extended upward

to EHW, where the ecotone plants occur.

Table 6 indicates the range of average percentage of tidal expo-

sure at various elevations. The length of exposure time drops dra-

matically with decreasing elevations. Over the elevation of salt

Table 6, Range of average percent tidal exposure at selected eleva-
tions during the growing season in 1967 - 1969. "

Month 4.5 6. 0 7.6 8. 4 feet

April 45-56 69-81 90-96 96-99

May 51-55 73-78 93-95 98

June 50-54 73-76 92-94 97-99

July 53-55 70-76 90-95 96-99

August 56 74-77 93-95 97-98

September 49-50 71-72 92-96 98

Elevations given in feet above MLLW, based on data collected at the
Marine Science Center, Newport and interpreted with the aid of a
computer program developed by J. J. Gonor (Thum, 1972).
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marshes, average exposure varied from 45% at 4. 5 feet in April to

99% at 8. 4 feet in June during 1967-1969. Periods of exposure in-

creased sharply between 6. 0 and 7. 6 feet, the elevations at which

high marshes begin. The fractional elevation values given in the

table are the result of correcting tide gage figures to MLLW.

The salinity and tide change during a day near Toledo, Yaquina

Bay, is given in Figure 15, Surface water salinities vary several

parts per thousand during the tidal cycle because at low tides the

freshwater influence extends further downstream. But because the

high tides flood salt marshes, the marsh is covered by the highest

surface salinities during the tidal cycle. Tide height lags slightly

behind salinity. Surface salinities also change during the year, with

more saline waters during the summer, as shown in Figure 19.

Discussion

The different lower limits of elevation ranges of salt marsh

plants indicate that there is no single critical environmental thres-

hold for all the salt marsh plants. In annual plants the distributions

result from seedling success, whereas most of the perennials repro-

duce vegetatively in clones from a few initial propagules so that the

plant ranges may extend beyond levels suitable for initial establish-

ment. The presence of other plants also modifies the environmental

stresses colonizing plants are subject to at the same elevation. In
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Figure 19. Maximum daily salinity, Criseter's Dock, Yaquina Bay, April 1967-1968.
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Oregon the annual marsh plants sprout last in the spring and lowest

on the marsh or at the strand line. Almost no seedlings of perennials

or annuals grow on the level surface among established stands of per-

ennials. This observation is in accordance with those of Ranwell

(1972). Perennial plant growth begins first farthest up the estuary

and highest on the marsh. This pattern suggests that spring time

salinities and tidal exposure are important limiting factors. The

year with low runoff (1973), when the plants began to grow early,

was accompanied by low water levels and high salinities. Therefore,

period of exposure may be more important than salinity for seedling

establishment and new growth in perennials, within a given time

period. Usually spurts in spring growth correlated with periods of

low tides as well as low salinities. As shown in Figure 19, salinity

of surface waters fluctuates drastically in the early spring and winter,

with a sharp drop just after heavy rains, Soil salinity is less vari-

able. Purer (1942) found that in marshes near San Diego, the soil

salinity depended on height of the preceding tide, elevation of marsh,

proximity to drainage creeks and to the ocean, land runoff and rain-

fall, depth of the soil sampled, and evaporation.

Elevation ranges of plants partly reflect periods of spring expo-

sure. As illustrated in Table 6, exposure increased sharply with in-

creased elevations, perhaps, thereby, accounting for the clustering

of the lower limits of several species. Working in San Francisco Bay
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marshes, Hinde (1954) recorded tidal elevations for several salt

marsh plants, including Salicornia virginica, Distichlis spicata and

Jaumea carnosa. He found the ranges to be 6. 9 - 10.4 feet, 7. 1

10.2, and 7. 1 - 8. 5 feet, respectively. The ranges for Salicornia and

Distichlis are similar to those I obtained for these species, but

Hinde's value for Jaumea was considerably higher than for Jaumea

in Oregon marshes.

Chapman (1960) discussed the effects of exposure times on

seedling establishment and salt marsh plant growth. He suggested

that the duration of inundation was more significant than exposure,

because plant growth is limited by the length of time respiration and

photosynthesis can occur in turbid waters. Spring waters and ebb

tides tend to be more turbid than at other times, so that periods of

inundation in the spring would be more limiting than in the summer.

Young plants are also more sensitive than mature plants to environ-

mental extremes, particularly salts (Waisel, 1972).

The termination of the growing season coincides with the peak

in tide water, soil -water and soil salinities. During the hot August

weather the tides are low during the daytime. Evaporation causes

salt precipitation on plant tissues and the soil. Salt is also accumu-

lated by some salt marsh plants, such as Salicornia, Triglochin and

Plantao, or is excreted out onto the leaves, as in Atriplex (Waisel,

1972). Therefore, high salinities are probably critical in initiating
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senescence and dormancy in salt marsh plants in Oregon.

Temperature fluctuations during the tidal cycle may be impor-

tant in limiting salt marsh plant growth, also. Stock (1972) showed

that the rapid temperature changes during the summer at incoming

tides is important in the development of some salt marsh inverte-

brates in Oregon. Within minutes I recorded substrate surface tem-

peratures dropping from 30 C to 12 C,

Water logging and sedimentation may also be important in dis-

tribution of salt marsh plants. When sediment accumulates as much

as a couple centimeters a year on the lower marsh, many small

plants are buried and die. Eleocharis parvula, however, continues

to grow upward during the summer, so that the same amount of photo-

synthetic tissue is always exposed. Many other wetland plants have

special adaptations to survive rapid sedimentation.

The requirements for root aeration or substrate oxidation

have been discussed by others and reviewed by Chapman (1960), so

that distribution of Salicornia along ditches, on sand, and along root

channels of Grindelia, was not unexpected. The distributions of

Spergularia marina, S. canadensis and S. macrotheca on silt, fine

sands and coarse sands, respectively, probably reflects soil aera-

tion requirements.

I was unable to determine whether soil water salinity was more

important for salt marsh plant distributions and phenology than tidal
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water salinity, Both salinity values increase, peak and decrease at

the same times, except that surface water salinity is more variable

during the winter. I suspect, however, that because the roots of the

plants are constantly immersed in interstitial water, or are sur-

rounded by saline soils, and because tidal submersion is not con-

tinuous, that soil water salinity is relatively more important than

tidal water salinity in plant distribution and phenology.

My data is also inconclusive on water table depth and waterlog-

ging in relation to inundation and on their relative effects on plant dis-

tributions. The close correlation between spring growth and periods

of exposure and between plant elevation and exposure, suggests that

overall distribution patterns reflect tidal exposure. Distributions of

small stands or individuals, such as along depressions or slight ele-

vations, reflect waterlogging and water table depth.

Perhaps the most important factors for individual plant survival

are micro-scaled, particularly in aggregations of several species.

Recent papers on salt marshes (Gray, 1963) and other wetlands (Small,

1973) stress the importance of micro-environments. More sophisti-

cated environmental measurements than I used would be necessary to

determine the importance of such factors in Oregon's salt marshes.

For example, areas of investigation that may yield significant results

would be the role of mycorhizae and internal bacteria in salt marsh

plants and the role of algal extrametabolites in site preparation (Haas,

1935).
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GENERAL DISCUSSION

The salt marshes in Oregon's estuaries are similar to other

temperate salt marshes throughout the world. Similarities include

species composition, communities, vegetation types, and patterns of

plant succession and response to environmental parameters. Oregon

marshes, however, are distinct in the particular combination of these

properties, Salt marshes in temperate regions are surprisingly uni-

form, perhaps because of the selective pressure of the environmental

stresses common to estuaries and intertidal areas. Many genera and

species have world-wide distributions.

The Oregon marshes represent a transition type between sub-

arctic and temperate salt marshes, with elements belonging to both

types. Salicornia is the most common southern component. In Cali-

fornia several species of Salicornia occur, including both annuals and

perennials, but only S. virginica extends into Oregon where the plant

becomes less prominent in the northern estuaries. Carex lyngbyei,

Puccinellia pumila, Glaux maritima and Spergularia canadensis are

the major northern components of Oregon marsh flora. Carex is

common and very abundant throughout the Oregon coast, and is, per-

haps, a transition plant, whereas Puccinellia occurs commonly only

in the northern estuaries of the state. California marshes, typical of

salt marshes in warm temperate areas, have a large number of
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annuals, and there is a decreasing number of annuals in boreal and

arctic marshes (Chapman, 1960). In Oregon annual plants are less

conspicuous in the northern estuaries than in the south central estu-

aries, such as Coos Bay.

A similar transition situation occurs on the coast of northern

Norway (Nordhagen, 1954) and Iceland (Dobbs, 1939). There Puccinel-

lia phryganodes, which is the dominant arctic marsh plant, becomes

less important and Carex subspathacea becomes increasingly impor-

tant part of the vegetation. According to Hanson (1951), Puccinellia

phryganodes is dominant in Alaskan arctic marshes and Carex ursina

is a secondary plant, becoming dominant to the south. Carex lyng-

b eei ranges northward to the southern limits of C. ursina. A study

of the salt marshes of southwestern Alaska would reveal the relation-

ship between the two sedges and provide insight into the relationship

of arctic to Oregon salt marshes on the Pacific Coast. Several

species of Carex are dominant in salt marshes in Iceland, Greenland,

arctic Canada and Alaska, and northern Norway (Chapman, 1960),

but Carex<is not prominent in either temperate European or eastern

North American marshes. In these areas, probably the plant most

similar to Carex lei in terms of the production of large amounts

of litter, the formation of pure stands and entrapment of large quan-

tities of sediment, is cord grass, Spartina sp. Deschampsia pumila

is the only other species of Deschampsia in salt marshes and occurs
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in the Canadian arctic (Polunin, 1948).

The southward displacement of the arctic-temperate transition

on the west coast of North America compared to Europe may be influ-

enced by the cool, wet winters, cold water temperatures and low

salinities in Oregon's estuaries.

Based on descriptions of world salt marshes gathered by Chap-

man (1960), I conclude that the marshes most similar in aspect and

species composition to Oregon salt marshes are those in Norway,

Sweden, Denmark and Finland. Nearly all the major genera and

many of the species found there are also common in Oregon.

In a manuscript presently in preparation (Macdonald, 1974) and

another just published (Macdonald and Barbour, 1974), Macdonald

analyzed the floristic provinces and relationships of tidal salt marshes

on the North American Pacific Coast. Using published flora lists and

unpublished data provided by myself and others, Macdonald employed

cluster analysis to divide the eighty common species into ten pro-

vinces. A group of thirteen species typify Washington and Oregon

salt marshes. These species include: Deschampsia caespitosa, Tri-

folium wormskjoldii, Grindelia integrifolia, Lilaeopsis occidentalis,

Juncus lesueurii, Agrostis alba, Eleocharis parvula, Scirpus ameri-

canus, Puccinellia p umila, Plantago maritima, Glaux maritima,

Potentilla pacifica and Carex lyngbyei. He also noted that the flora

of the northern California marshes is a transition flora between
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Washington - Oregon and California floras. Macdonald distinguished

a group of wide-ranging species common from Pt. Barrow, Alaska,

to Cabo San Lucas, Baja California. These species, all common in

Oregon, include: Distichlis s cata, Salicornia virginica, Jaumea

carnosa, Cuscuta salina, Triglochin maritimum, Cotula coronopi-

folia, Spergularia marina, Atriplex patula and Scirpus maritimus.

All of these species are either introduced or also occur on the east

coast of North America. Macdonald concluded that high precipitation

and low salinity regimes along the Oregon-Washington coast are indi-

cated by the presence of several upland species, including Juncus

lesueurii, Deschampsia caespitosa and Potentilla acifica, in the salt

marshes,

This work of Macdonald's, combined with my own, indicates

that Chapman's (1960) division of Pacific Coast salt marshes into two

seres, the Arctic sere and the Pacific American sere, is not a true

representation of the diversity of the salt marsh flora. Chapman

placed Oregon in the Pacific American group and selected Salicornia

virginica as the identifying plant. I, however, suggest that for Ore-

gon the characteristic plant is Carex lyngbyei because of its central

role in plant succession and salt marsh physical development and be-

cause the plant is ubiquitous and prominent in all estuaries and many

salt marsh communities.

In 1959 Chapman developed a classification scheme for all the
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major salt marsh communities described in the world literature.

His classification was based mostly on European and eastern North

American salt marshes, with examples from Alaska, San Francisco

Bay and Newport Bay for the west coast of North America. Following

Chapman's classification, Oregon marsh communities may be fit into

the scheme as shown in Table 7. Salt marsh communities that are

dominated by Deschampsia caespitosa and Carex lyngbyei, which are

plants not common elsewhere, can not be directly matched with com-

munities in Chapman's scheme. According to habitat descriptions,

Deschampsia communities are similar to Festuca communities. Al-

though I did not give them community status in this paper, the inter-

tidal freshwater ecotone groups involving Typha latifolia and Phrag-

mites communis would fit into Chapman's Scirpus-Phragmites-Typha

Associes. I also included the Ruppia community in Table 7. A

comparison of Chapman's Pacific American marsh communities and

my Oregon communities indicates the inadequateness of the Pacific

American group in describing Oregon's salt marsh flora.

In 1956 the Fish and Wildlife Service (Shaw and Fredine),

defined twenty wetland types in continental United States, including

three coastal freshwater types and six coastal saline types. These

types were developed from edaphic, geographic, floristic and tidal

information on Atlantic and Gulf Coast wetlands and from limited

information on marshes in San Francisco Bay, Columbia River,



Table 7. Relationship of Oregon salt marsh communities to principal associes of major seres
(Chapman, 1959).

Principal Associes Communities
Pacific, U.S.

Communities
Oregon

Zo stera- Cymodea-
Ruppia

Salico rnia-Anthro cnum

Puccinellia

Spartina

General Salt Marsh
(Statice-Armeria-

Plantago)

Salicorniatum ambiguae
Salicornieto-Distichlidum
Salicornietum bigelovii
Batis maritima

Spartinetum leianthae

Staticetum
G.S.M. (South:Suedeto-

Staticeto-No rth:
Suaedeto-Distich-
lidetum)

Ruppia
Zostera

Distichlis-Cladophora-Salicornia
Salicornia-Triglochin maritimurn
Spergularia marina-Salicornia
Salicornia-Cotula
Eleocharia parvula-Salicornia
Distichlis - Salico rnia
Salicornia-Distichlis-Triglochin rnariti-

mum
Salicornia virginica

Cyanophyta-Puccinellia-Spergularia ma-
crotheca

(in Washington, Spartina alterniflora)

Jaumea-Salicornia-Distichlis
Jaumea-Salicornia-Triglochin maritimum-

Distichlis
Jaumea-Salicornia-Triglochin concinnum-

Triglochin maritimum-Distichlis



Table 7 (cont. )

Principal Associes

Festucca

Halimione consocies

Juncus

Communities Communities
Pacific, U.S. Oregon

Salicornia-Distichlis-Planta o-Scirpus
americanus-Glaux-Speria cana-
densis

Carex-Salicornia-T riglochin

De schamp sia- Po tentilla- T rifolium - Juncus
le sueurii

Juncus gerardii-De schampsia-Juncus
le sueurii

Salico rnia -Di stichli s - Juncus

Scirpus-Phragmites- Typhetum Scirpus americanus
Typha Scirpetum Scirpus maritimus

(Scirpus paludosus= Scirpus validus
S. maritimus) Scirpus validus-Carex

Salicornia-Cotula-Scirpus validus-Tri-
glochin maritimum

Carex

Deschampsia-Carex-Triglochin mariti-
mum

Distichlis-De schamp sia-Carex
Potentilla-De schamp sia
Distichlis
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Willapa Bay and Puget Sound. The salt marshes on Oregon's coast

do not fit very well into the wetland types established by the Fish and

Wildlife Service, possibly because of the small size of Oregon's estu-

aries, the heavy rainfall and the low salinities of tide waters. The

wetland types and their correspondence to Oregon tidal marsh vege-

tation types is given in Table 8.

Coastal salt flats are a wetland type common in Alaska (Hanson,

1951), California (Emery and Stevenson, 1957) and in eastern United

States (Shaw and Fredine, 1956). However, in Oregon this type is

entirely lacking except for a small area, about two hectares large,

on the sand spit of the Coquille River. Salt flats are characterized

as being flooded only by very high tides and as having little runoff so

that the water evaporates, leaving highly saline soils. The vegeta-

tion is typically dominated by succulents. The Coquille area is a

depressed flat behind a slight embankment, so that the area floods

with tides in excess of nine feet. Salt crystals on the soil are com-

mon. The flora includes stunted plants of Salicornia virginica and

Triglochin maritimum, Plantago maritima, Spergularia macrotheca,

and Distichlis spicata, all halophytes.

As with the salt marshes in other parts of the world, many of

the genera and species in Oregon's salt marshes are cosmopolitan.

Several of the major species in saline parts of the marshes are exotic

plants. Exotic species are indicated in the species list in Appendix A.



Table 8. Comparison of intertidal wetland types for the United States (Shaw and Fredine, 1956) and
vegetation types for Oregon intertidal marshes.

Wetland Type (U. S.) Vegetation Type (Oregon)

Freshwater:

Coastal shallow freshwater

Coastal seep freshwater

Coastal open freshwater

High freshwater intertidal

High freshwater intertidal, bulrush
61*

Saline water:

Coastal salt flats

Coastal salt meadow Mature high

Irregularly flooded salt marsh Mature high, diked salt marsh

Regularly flooded salt marsh Immature high, sedge, bulrush and sedge,
low silt, low sand

Sounds and Bays

Mangrove swamps Freshwater intertidal gravel.diked salt
marsh
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These plants were undoubtedly introduced through the activities of

man. The concentration of maritime exotics in the Columbia River,

Tillamook Bay and Coos Bay points to the probable introduction of

plant propagules from dumps of earthen ship ballast in the nineteenth

century. The similarity of plant species along the entire coast is

probably parallel to the similarities in wetland floras inland. Wet-

land plant seeds and vegetative propagules are frequently dispersed

by migrating birds through attachment to feathers, muddy feet and

feces. I found no endemic species in Oregon's salt marshes, except

possibly the Juncus that appears to be Juncus gerardii (L. D. Johns-

ton, Department of Botany and Plant Pathology, Oregon State Univer-

sity, personal communication, 1974). However, several of my col-

lections extended the range of species as indicated by collections in

herbaria. Undoubtedly my collections do not indicate a real exten-

sion of species' ranges, but rather indicate the expansion of the range

of Botanist collectist.

Most of the exotic plants that have invaded the salt marshes

grow on dikes and high ground with some freshwater influence,

Because of the harsh environment in young salt marshes and space

competition in older marshes, these areas are not readily invaded

by non-salt marsh plant species. In Oregon and Washington a few

species, now common, have become naturalized and have large

enough populations to fill empty niches in primary or secondary
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succession. These species include Agrostis alba, Cotula coronopi-

folia, Spergularia marina and Spartina alterniflora.

Agrostis alba, bent grass, was introduced from Europe and now

ranges throughout North America. Earliest collections in the Oregon

State University herbarium are from 1921 in Yaquina estuary. Agros-

tis is an integral part of the vegetation of mature high marsh and is

one of the indicators of that vegetation type. More typically an upland

plant, Agrostis is one of the last salt marsh perennial plants to sprout

in the spring. Agrostis alba, along with Hordeum brachyantherum

and H. jubatum, which are other exotic plants, also readily invades

high marshes that are grazed.

Cotula coronopifolia, brass buttons, was introduced from South

Africa and now occurs from British Columbia to California. Earliest

collections in the Herbarium are from 1884 at the Chetco River, 1888

from Puget Sound and 1904 from Yachats, Oregon. Presently Cotula

is very common in areas where logs and bark are plentiful, particu-

larly in log storage areas and among driftwood, and on dredge spoils.

This plant does not appear to compete with other native plants, be-

cause other species in the same areas are usually stunted.

Spergularia marina, a sand spurry, is a native of Europe and

now occurs throughout coastal North and South America. The first

collection in the Oregon State University Herbarium is from Alsea

Bay in 1934. Hitchcock, et al. (1955) indicate that the plant is not
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common here, although my observations show that S. marina is very

common and found in nearly every salt marsh. S. marina is a pri-

mary invader with Triglochin maritimum on silt flats, where it acts as

a substrate stabilizer and mimics the native S. canadensis and S.

macrotheca that are primary invaders with Salicornia or Puccinellia

on sand. S. marina appears tolerant of harsh conditions and may,

therefore, be in the process of expanding its local range.

Spartina alterniflora, marsh cord grass, is a native of the

Atlantic Coast of North America. The grass was introduced appar-

ently in Willapa Bay, Washington, in 1889 and 1918 when oyster spat

was imported from the East Coast. Although not yet found in Oregon,

the plant is a potential nuisance, particularly if widespread planting

of this species is done. In Willapa Bay Spartina alterniflora is colo-

nizing sand flats up to eighty meters beyond the native marsh. Sup-

posedly the plant grows very poorly on sandy substrates, preferring

those soils that are reduced (Ranwell, 1967), but in Willapa Bay hun-

dreds of hectares are covered by pure stands of S. alterniflora.

Colonies grow rapidly, vegetatively expanding outward in coalescing

clumps. Scirpus americanus occupies areas of center die-back in the

cord grass colonies at higher elevations. Zostera nana, a European

eelgrass, grows profusely on the sand flats between Spartina colo-

nies. Spartina townsendii, from Europe, has been experimentally

introduced in Stillaguami.sh Bay in Washington, where the initial
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twenty plantings in 1960 expanded to twelve colonies in excess of

seven meters by 1965 (Ranwell, 1967, H. M. Austenson, University

of Saskatchewan, personal communication, 1973).

What is the future for coastal salt marshes in Oregon? Assum-

ing that sedimentation in the estuaries continues at the current high

rate without undue human disturbance, Oregon's estuaries should fill

up, particularly the estuaries with weaker river currents, and be-

come bays with extensive salt marshes and tideflats, similar to Sand

Lake and Salmon River estuaries, However, with the current rates

of dredging, diking and filling of salt marshes in Oregon, the rates

of accretion may not exceed destruction of salt marshes. With the

addition of sound management policies for coastal salt marshes, the

future of Oregon's marshes looks less grim, and, hopefully, the

continuing contribution of salt marshes to estuarine productivity,

flood control and water quality will be assured. At the present time

local, state and federal governments have begun to implement new

management policies for this critical coastal resource. Suggestions

for an Oregon Salt Marsh Preserve System are included in Appendix

D.

Oregon's salt marshes abound with research possibilities, both

practical and basic. Of primary concern to resource managers

would be a determination of the productivity of Oregon's salt marshes.

Perhaps the best approach could be to examine productivity of each of
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the vegetation types and their major communities in terms of bio-

mass production. Of value would be productivity studies similar to

those of Teal (1962) in Georgia and would include nutrient turnover,

amount of biomass decayed or grazed in situ and biomass exported.

The interrelationships between salt marsh invertebrate populations

and life cycles and plant phenology may prove interesting. Little

work has been done on algae, bacteria and fungi, that are ubiquitous

as epiphytes and periphytes. Undoubtedly the communities of these

microorganisms are as unique and sensitive to environmental con-

straints as are vascular plant communities, and perhaps more im-

portant in determining the direction of salt marsh development and

plant succession. The autecology of many of the Oregon species has

not been studied at all. A study of the autecology of the intertidal

moss, Eurhynchium stokesii, would be a significant contribution to

bryology. The differences between possible upland and salt marsh

ecotypes of Deschampsia caespitosa, Potentilla pacifica, Trifolium

wormskjoldii, Juncus lesueurii and Lilaeopsis occidentalis ought to

provide an area of fruitful research. Another problem that intrigues

me is the change in physiological, morphological and reproductive

responses of an individual or clone of a perennial plant as the local

salt marsh environment is transformed over a long period of time.

My research on salt marshes has led me to a reevaluation of

some accepted ideas on the ecology of wetlands in general. I suspect
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that the vegetation zones across the face of wetlands, forming the

"typical hydrosere, "may be far less dynamic than previously as-

sumed. Except where rapid and relatively permanent changes in

habitat occur, such as by sedimentation, these zones may remain

stable for long periods and may reflect environmental gradients more

than successional change. Even more so than in less extreme habi-

tats, the interactions of plants in wetlands are highly intricate. I

have observed that, in both saline and freshwater marshes, the spac-

ing of individuals in single species stands is quite uniform, as is the

distance between plants of certain species and their neighbors, such

as around Cotula coronopifolia in Oregon's salt marshes. A high

degree of phenological plasticity in wetland plants seems to be uni-

versal and more obvious than in plants from range and forest habitats.

The population responses of vegetatively reproducing perennials,

which are the dominant and cosmopolitan wetland plants, indicate to

me that this plasticity is very essential to the functioning of wetland

systems, where the levels of gene flow and speciation are unusually

low. Finally, I have come to perceive that vascular plants are

probably secondary to the role of microorganisms in the maintenance

and transformation of the wetland habitat.
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SUMMARY

This study was undertaken to determine plant species composi-

tion, community structure, successional relationships, vegetational

development and plant distributions in the estuarine salt marshes on

the Pacific Coast of Oregon. Salt marshes occur in all Oregon estu-

aries, but only limited areas are in the Rogue and Chetco Rivers.

Quadrat and transect samples of plant presence and cover, col-

lected from April 1971 - June 1974, were subjected to phytosociologi-

cal analysis and ordination, resulting in the identification of six inter

tidal salt marsh vegetation types comprised of twenty-nine commun-

ities. The vegetation types include: Low Sand Marshes, Low Silt

Marshes, Sedge Marshes, Bulrush and Sedge Marshes, Immature

High Marshes and Mature High Marshes. The locations and extent

of these types were mapped for the major Oregon estuaries. Total

undiked salt marsh area in Oregon, excluding in the Columbia River,

is 29 km2, an area significantly smaller than prior to diking and fill-

ing of marshlands.

Low Sand Marshes usually occur on baymouth sand spits and

are typified by a low, scattered to continuous vegetation cover. The

dominant plants lowermost on the marsh are halophytes and are re-

placed by sand dune plants at higher elevations. Low Silt Marshes

are distinguished by coalescing circular clones of colonizing plants
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and are dominated by one and two-species communities. Sedge

marshes occupy intermediate elevations on sand and silt. Carex

lyngbyei forms pure stands, distinguishing this vegetation type. Bul-

rush and Sedge Marshes replace Sedge Marshes upstream and where

freshwater flows over the marsh. Scirpus validus codominates with

C. lyngbyei. High marshes are identified by an abrupt elevation rise

of 30 - 150 cm above the tideflat. Vegetation cover is continuous,

with two and three-species communities in the Immature High Marsh

giving way to more complex communities of Mature High Marshes.

High marshes are most common along the upper reaches of the

estuaries.

Three major patterns of plant succession were apparent, in-

cluding those on sand and silt substrates and in areas subject to

freshwater runoff. Carex lyngbyei is an intermediate in all modes

of succession, and this sedge typifies Oregon salt marshes in gener-

al. A few major species, including Triglochin maritimum, Salicor-

nia virginica, Carex lyngbyei and Deschampsia caespitosa are re-

sponsible for rapid sedimentation. Much of the marshland appears

to be less than 200 years old, and the oldest carbon date obtained for

undiked salt marsh was 770 ± 85 years.

Simple succession patterns, though apparent from a distant

perspective, become complex on close inspection. Small scale en-

vironmental gradients, secondary succession on disturbed areas
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around drift logs, and changing stream courses all result in varia-

tions in expected succession patterns. Perennial plant species are

long lived and often reflect earlier seres. Perennials appear to have

continuing impact on nearby plant distributions. Because of the ab-

sence of young upland trees and other perennials in both the ecotones

and marsh proper, Mature High Salt Marshes in Oregon represent a

climax vegetation, not a sere as often assumed.

Plant distributions were related to elevation above mean lower

low water, whereas phenology and seedling establishment correspond-

ed to tidal exposure and salinity, soil and soil water salinity, and

water table depth. In Oregon, salt marshes extend from a point just

above mean tide level upward to the level of extreme high water.

Lower elevation limits of salt marsh plant species clustered at

certain levels which corresponded to elevations at which occur rapid

changes in length of emergence. Upper elevation limits were more

scattered and may reflect mortality in the older, higher seres, possi-

bly resulting from competition or advanced age. The initial establish-

ment and success of colonizing plants does not entirely determine

later distribution patterns, because many of the species extend out-

ward in clones to higher and lower elevations. High salinities of soil,

soil water and tidal water correlate with the end of the growing sea-

son in late August.

Oregon coastal salt marshes were found to be a transition
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between subarctic and temperate marshes, and similar in physiog-

nomy to boreal salt marshes in Scandinavia. The Oregon salt marsh

flora is very similar to that in Washington, but also includes several

California and cosmopolitan species. A few exotic plants have be-

come integral parts of Oregon salt marsh communities and succes-

sion.
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APPENDIX A: LIST OF SPECIES

Symbol Name

Salt Marsh Plant Species:
Agal *Agrostis alba L. var. stolonifera (L.) Smith
Atpa Atriplex patula L. var. hastata (L.) Gray

*Atriplex patula L. var. littorails (L.) Gray
Atriplex patula L. var. obtusa (Cham.) Hitch.

Caly Carex 1yn b ei Hornem. var, robusta (Bailey) Cronq.
Clgr Cladophora gracilis (Griffiths) Harvey
Coma Cordylanthus maritimus Nutt.
Coco *Cotula coronopifolia L.
Cusa Cuscuta salina Engelm.
Deca Deschampsia caespitosa (L.) Beauv. var longiflora Beal
Disp Distichlis sp i cata (L.) Greene
Elpi Eleocharis palustris (L.) R. & S.
Elpr Eleocharis parvula (R. & S.) Link var, parvula

Enteromorpha compressa (L.) Greville
Enteromorpha intestinalis (L.) Link

Eust Eurhynchium stokesii (Turn.) B.S.G.
Fudi Fucus distichus L.
Gima Glaux maritima L.
Grin Grindelia integrifolia DC var. macrophylla (Greene)

Cronq.
Hobr Hordeum brachyantherum Nevski
Hoju Hordeum jubatum L.
Jaca Jaumea carnosa (Less.) Gray
Jubu Juncus bufonius L.
Juge **Juncus gerardii Loisel
Jule Juncus lesueurii Boland.
Lioc Lilaeopsis occidentalis Coult. & Rose.

Monostroma ox rspermum (Kutzing) Doty
Orca Orthocarpus castillejoides Benth.
Plma Plantago maritima L. ssp. juncoides (Lam.) Huit.
Poav Polygonum aviculare L. var. littorale (Link.) Mort &

Koch
Polypogon monspeliensis (L.) Des£,
Polysiphonia pacifica Hollenberg

Popa Potentilla pacifica Howell
Pu.pu Puccinellia pumila (Vasey) Hitchc.

Rhizoclonium implexum (Dillwyn) Kutzing
Rmma Rumex maritimus L.
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Symbol Name

Rpma R uppia maritima L.
Savi Salicornia vir&inica L.

Scirpus acutus Muhl.
Scirpus acutus Muhl. x validus Vahl

Scam Scirpus americanus Pers.
Scce Scirpus cernuus Vahl
Scma Scirpus maritimus L.
Scva Scirpus validus Vahl
Spca Spergulariacnadensis (Pers.) G. Don var, occidentalis

Ro s sbach
Spmc Spergularia macrotheca (Hornem.) Heynh.
Spmr Spergularia marina (L.) Griseb.
Trwo Trifolium wormskjoldii Lehm.
Trco Triglo hin concinnum Davy var. concinnum
Trma Triglochin maritimum L.
Tyla Typha latifolia L,
Ulli Ulva linza L.
Zoma Zostera marina L.

Ecotone and Upland Plant Species Mentioned in Text:

Acmi Achillea millefolium L.
Alisima plantago-aguatica L.
Alnus rubra Bong.

>,<Ammophila arenaria (L.) Link,
Angelica lucida L.

Assu Aster subspicatus Nees.
Carex obnupta Bailey
Eleocharis bella (Piper) Svenson
Elymus mollis Trin.
Epilobium watsonii Barbey in Brew. & Wats. var.

watsonii
Festuca rubra L. var, littoralis Vasey
Galium cymosum Wieg.
Gautheria shallon Pursh
Heracleum lanatum Michx.
Lathyrus palustris L.
Lysichitum americanum Hulten & St. John
Maianthemum dilatum (Wood) Nels. & Macbr.
Myrica californica Cham.
Phragmites communis (L.) Tin,.
Picea sitchensis (Bong.) Carr.
Pinus contorta Dougl. var contorta
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Symbol Name

Poa macrantha Vasey
Rumex occidentalis Wats.
Salix hookeriana Barratt

*Spergularia rubra (L.) Prest.
Vaccinium ovatum Pursh
Vicia gigantea Hook.

Exotic Salt Marsh Plants in Washington,
Text:

<Spartina alterniflora Loisel.
*Spartina townsendii H. & G. Groves
*Zostera nana Roth

Introduced species.
Appears to be this species.

Mentioned in
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APPENDIX B

PHYTOSOCIOLOGICAL ASSOCIATION TABLES
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APPENDIX C: MAPS OF COASTAL SALT MARSHES

During the summer of 1973 1 mapped the areas of undiked salt

marshes in Oregon's estuaries except for the Columbia River and the

smallest estuaries. The maps were prepared for the Oregon Coastal

Conservation and Development Commission (OCC&DC) to provide an

inventory of the location, extent and types of salt marshes present in

Oregon's estuaries. Modifications of the maps were published in a

report of the commission, "Coastal Wetlands of Oregon" (Akins and

Jefferson, 1973).

I visited all marshes during 1971 - 1973. While mapping in the

field I noted vegetation types visually, consulted my earlier field

notes, checked topographic features and boundaries against aerial

photographs taken by the Forest Service in 1969, and compared my

types to descriptions by Johannessen (1961), if appropriate. At the

completion of the field work, I took a low level airplane flight, pro-

vided by the OCC&DC, over all the estuaries from Coquille to Netarts.

At that time I checked my maps.

Because of the limitations of the purpose of this mapping, and

of time and personnel, the boundaries of the marshes indicated are

not very precise. They were drawn -freehand in the field while I

looked at both the site and aerial photographs. The base maps were

the Tidelands Maps of Oregon, prepared by the Division of State
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Lands in 1972, The original maps have scales of 1'":1000' to 1 ":2000'.

The marsh borders on the tidelands maps correspond to mean high

water, therefore the borders I drew are not necessarily the same.

Because synthetic vegetation types are not discrete in nature, arbi-

trary boundaries drawn between types are not precise. However, in

many cases breaks in slope on the marsh surface correspond to

boundaries between vegetation types.

Measurements of undiked salt marsh area were taken from the

maps with a polar planimeter paving a precision of t 0. 1 cm. Be-

cause of the inaccuracies in mapping, the area measurements were

considered accurate to ± 10%. The marsh areas are shown in

Table 1. The total area of undiked salt marsh in Oregon estuaries,

excluding the Columbia River, is about 2900 hectares.

These salt marsh maps are the first maps expressly of tidal

salt marshes in Oregon, Figures 20-31 and 33-35 are modified and

much reduced maps of the estuaries and salt marsh types. Figure

32 is a photograph of the original Coos Bay map, which could not be

easily reduced.
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LEGEND FOR MAPS IN APPENDIX C

Vegetation Types of Intertidal Marshes in Oregon

Saline - Brackish

1. Low Sand

2. Low Silt

3. Sedge

4. Immature High

5. Mature High

6. Bulrush and Sedge

7. Intertidal Gravel

8. Diked Salt Marshes
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Figure C. 1. Salt marshes, Necanicum River.
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Figure C. 2.Salt marshes, Nehalem River.



Figure C. 3. Salt marshes, Tillamook Bay.
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Figure C. 4. Salt marshes, Netarts Bay.
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Figure C. 5. Salt marshes, Sand Lake.
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Figure C. 6. Salt marshes, Nestucca Bay
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Figure C. 7. Salt marshes, Salmon River.
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Figure C. 8. Salt marshes, Siletz Bay.



Figure C. 9. Salt marshes, Yaquina Bay.



Figure C. 10. Salt marshes, Alsea Bay.
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Figure C. 11. Salt marshes, Siuslaw River.
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Figure C. 12. Salt marshes, Umpqua River .
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Figure C. 13. Salt marshes, Coos Bay.
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Figure C. 14. Salt marshes, Coquille River.
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Figure C. 15. Intertidal marshes, Rogue River.
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Figure C. 16. Intertidal marshes, Chetco River .
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APPENDIX D

Proposed Oregon Salt Marsh Preserve System
and Recommendations for Research

Natural Areas

Need for a comprehensive coastal management plan has arisen

in recent years, particularly in regard to estuaries. In 1971 the

Oregon Legislature created the Oregon Coastal Conservation and

Development Commission (OCC&DC) for the purpose of preparing "a

comprehensive plan for the conservation and development of natural

resources of the coastal zone that will provide the necessary bal-

ance" (ORS 191. 110(3)). Estuaries and wetlands were pinpointed in

197Z as among the most critical areas for immediate action, so that

an inventory of wetland and estuary resources was carried out in

1973. OCC&DC immediately recommended that local governments

prevent any further irreversible damage to salt marshes,

Oregon has less area of estuaries and salt marshes than all but

three of the coastal states (Wick, 1972). Salt marshes have been

shown to be areas of high productivity, essential for ecological bal-

ance in estuarine and near shore waters. Oregon salt marshes have

been considerably abused, beginning with diking along the Columbia

River in the mid-1800's and continuing into the 1940's. Diked lands

were originally used for crops, but now they are grazed or not used

at all. Filled marshes are used for log storage, marinas, and
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second homes, and in North Bend, an airport. Destruction by filling

and dredging has increased in recent years. Sloughs with their asso-

ciated marshes have been cut off from tidal circulation by road and

railroad fills and tide gates, In other areas the Army Corps of

Engineers has dumped dredge spoils on intertidal lands, in some

cases inadvertently forming new salt marshes.

The vegetation types described elsewhere in this paper relate

well to current land use practices in Oregon's estuaries. The Low

Sand Marshes are generally undisturbed and covered with drift logs,

or, in certain places, used for dune buggy travel, such as along

Sand Lake. Low Silt Marshes also generally are undisturbed or are

diked by road fills. The Sedge Marshes are subject to extensive

filling, such as by the highway project and "Siletz Keys" on Siletz

Bay. Immature High Marshes are frequently grazed. In these

marshes and on sandy marshes the cattle feed mainly on salt grass,

Distichlis s icata. Mature High Marshes and Immature High

Marshes are frequently grazed or used for log storage. The diked

immature marshes are often grazed, whereas older marshes pro-

duce hay crops. Mature High Marshes are subject to filling for

recreational and housing developments. Large areas of these

marshes are currently for sale, Bulrush and Sedge Marshes are

mostly undisturbed and gravel marshes occur in such restricted

areas that they are of little economic significance.
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In order to avert destruction of the remaining salt marshes in

Oregon's estuaries, I suggest that an Oregon Salt Marsh Preserve

System be set up and administered by state or regional authority. I

sent the following proposals to OCC&DC and to The Nature Conser-

vancy in August 1973:

(1) Because the productivity of estuaries has been shown to be

directly related to the extent of undisturbed tideflats and tidelands,

ideally all salt marshes in Oregon should be undisturbed. However,

if preservation of all areas is not possible, or politically feasible . . .

(2) Each estuary should have a large portion of the salt

marshes preserved in order to insure estuarine productivity. Large

areas of marsh or islands would be easiest to set aside, although

small and low elevation marshes are proportionally more productive.

(3) Other areas, because of their uniqueness in terms of plant

species or wildlife should be preserved for general scientific and

educational purposes as Research Natural Areas.

(4) Marshlands used extensively by migratory birds should be

set aside.

(5) Portions of marshes highly visible to the public should be

preserved for their scenic value.

Large areas of salt marshes that I think should be left for pro-

duction in each estuary in Oregon are listed below:
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Columbia River: Cathlamet Bay islands within Lower Columbia
River National Wildlife Refuse

Necanicum River: all remaining salt marsh land

Nehalem: Lazarus Island, West Island, Dean Point marshes

Tillamook: Wilson River-Kilchis River delta

Netarts: South end of bay and east side of sand spit

Sand Lake: all islands not currently grazed and marshes on
southeast shore of the estuary

Nestucca: Marsh at confluence of Nestucca and Little Nestucca
Rivers, on both the east and west sides of the bay

Salmon River: all remaining undiked areas

Siletz: Undisturbed portions of Siletz Keys and all islands

Yaquina: Poole's and MaCaffrey's Sloughs, Boone Point and
point upstream of Boone's Slough, marsh near Marine
Science Center.

Alsea: Mouth of Drift Creek and islands lying downstream of
it, Eckman State Park salt marsh area

Siuslaw: Cox Island and adjacent tidelands west of the railroad
trestle, undiked marshes in lower North Fork

Umpqua: The Point and land inside the Cutoff, Butler Creek

Coos Bay: North Slough, Shingle House Slough, Coos River
delta islands, upper end of Haynes Inlet, Coalbank
Slough

Coquille: Islands and shoreline southwest of highway US 101
on southeast side of river

Rogue: None, no significant area of marsh

Chetco: None, no significant area of marsh

Beaver Creek: Beaver Creek Marsh, tidal portion
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Since the formation of the Governor's Commission on Research

Natural Areas in 1973, an effort is being made by the state and by

the National Forest Service and The Nature Conservancy to identify

sites on public or private lands suitable for natural areas. Among

the estuarine salt marshes in Oregon, at least six sites are suitable

for Research Natural Areas. Franklin, et al. defined the purpose of

such areas to:

1. Provide baseline areas against which the effects of human
activities in similar environments can be measured;

2. Preserve sites for study of natural processes in undis-
turbed ecosystems; and

3. Provide gene pool preserves for plant and animal species,
of rare and endangered types.

i. e. , to protect for scientific research unique communities and com-

munity mosaics.

Six possible Research Natural Areas include the following:

1. Lazarus Island, West Island and marshes on Dean Point, Neha-
lem Bay

300 acres, low silt and high marshes, rapid sedimentation,
large area of marsh-upland ecotone, accessible by boat,
extremely scenic with backdrop of rugged mountains

2. Confluence of Nestucca and Little Nestucca Rivers, Nestucca Bay
100 acres, low silt, sedge and high marsh, extreme numbers
of drift logs--their effects could be studied, rapid sedimen-
tation, very saline waters, adjacent to road, suitable for
field trips, very scenic

3. McCaffrey's and Poole's Sloughs, Yaquina Bay
100 acres in McCaffrey's, 400 acres in Poole's, no present
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disturbance in marshlands except infrequent grazing one
place in Poole's, rapid sedimentation, very stable high
marshes, migrating bird concentrations, at least one pair
of bald eagles, small oyster fishery on mouth of Poole's
Slough, Poole's Slough accessible by gravel road year around,
McCaffrey's Slough accessible in summer by logging road,
near Marine Science Center at Newport

4. Eckman Slough, Alsea Bay
30 acres; creation of a road bed across Eckman Slough in
1957 created a freshwater lake and sedimentation occurred
rapidly outside the dike; young salt marshes- -excellent area
to study marsh development, adjacent to privately owned
older high marshes, accessible by road, suitable for occa-
sional field trips, but rather fragile, state owned land

5. Cox Island and adjacent marshes, Siuslaw River
250 acres, low silt, sedge and bulrush, and high marshes,
no current disturbance, former log rafting and small areas
of dredge spoils, adjacent to diked marshlands--a good area
to study effects of logs, spoils and diking, accessible by boat

6. North Slough, Coos Bay
3 miles long, 20-100 yards broad on both sides of slough, all
types of marsh present, most complete and diverse mosaic of
salt marsh plant communities in all stages of succession and
with ecotones to freshwater, forest and sand dunes, bounded
by Southern Pacific Railroad and US highway 101, concentra-
tions of migratory birds, wildlife, and invertebrates, no
present disturbance, but limited circulation because of cause-
way across most of the mouth of the bay, suitable for studies
on effects of sand dune encroachment, drift logs, reversion
from log storage, expansion outside of railroad bed, pro-
ductivity and effects of freshwater intrusion, near research
facilities of the University of Oregon at Charleston, most
visible salt marsh on the Oregon Coast

Two small estuaries are suitable for preservation of the entire

estuary, Netarts Bay and Sand Lake. Both these estuaries have ex-

tensive areas of tidelands and salt marshes and, at present, are
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undisturbed. These areas should be classified as natural areas

that are to be used only for light grazing, invertebrate fisheries

and other uses compatible with the preservation of marsh and tide-

flat communities and functions.


