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Abstract approved:

Variability of plant species distributions, plant connunities,

soil and hydrological factors in an area of the Netarts Spit tidal

marsh are examined. The purpose is to advance general understanding

of Oregon's tidal marsh ecosystems in terms of plant coninunities and

functio'nal habitat conditions and make a contribution to the concep-

tual and technical framework used by regulatory agencies to manage

wetlands.

Vegetation, soil and hydrological attributes were measured peri-

odically from May, 1978 to March, 1979 along three transects extending

parallel to the elevation gradient. Each transect began at point bay-

ward of the lower limit of marsh vegetation and continued to a point

shoreward of the perceived upper limit of the marsh on the narrow,

stabilized dune ridge separating Netarts Spit from the ocean. Plant

species distribution and abundance by cover class was recorded in micro-

plots located at increments of five meters or less along each transect.

Soil and hydrological observations at intervals of approximately six
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weeks were made at 29 primary sampling sites located at increments of

15 meters or less along the transects. Water table fluctuations and

soil moisture tension were examined in situ. Soil cores were extracted

from the marsh for analysis of interstitial soil moisture content and

salinity, soil texture, pH, organic matter content, cation exchange

capacity, magnesium, calcium, phosphorus, potassium and sodium content.

Data on tidal inundation frequency and duration were provided by the

National Ocean Survey from a tide gauge located at Netarts public boat

dock. Weather data were obtained from continuously recording hygro-

thermographs and an accumulating rain gauge located in the ecotone

between marsh and upland. Comparative climatic data were obtained

from published National Oceanic and Atmospheric Administration Environ-

mental Data Center Bulletins.

Analysis of individual environmental gradients was initiated by

arranging the data matrix into a composite transect ordered by eleva-

tion. Each attribute was then plotted against elevation using graphi-

cally comparable scales. Data synthesis was accomplished using a

combination of reciprocal averaging ordination (to identify coimlunity

gradients) and cluster analysis (for sampling site classification)

applied to hierarchical data sets composed of combinations of physical,

chemical, and vegetative sampling site attributes.

Habitat at lower elevations of the study area (0.70 m below mean

high water) is dominated by tidal factors which decrease steadily as

one approaches extreme higher high water (0.52 m above mean high water).

Fine textured sediments are saturated near the middle elevations of

the study area (-0.25 to 1.00 m above mean high water), with the lower



and higher elevations dominated by sand. Hydrologic factors (water

table depth and soil moisture tension) dominate the highest elevations

of the study area but decrease steadily as one approaches mean high

water. The remaining environmental factors (interstitial soil mois-

ture content and salinity, cation exchange capacity, specific ion con-

centrations, organic matter, and pH) may each be interpreted as variants

of one or more of the three primary environmental gradients: tides,

sediment texture, and hydrology. Interstitial soil moisture salinity,

soil moisture tension, and water table depth all show maxima during

months with high daily temperatures and low precipitation (Aug.-Sep.,)

and minima during months with low daily temperatures and high precipi-

tation (Dec.-Mar.). Interstitial soil moisture content shows the re-

verse relationship with minima during Aug.-Sep. and maxima during Dec.-

Mar.

Plant community structure of the tidal marsh may be best understood

as a species continuum beginning at about 0.60 m below mean high water

characterized by snecies dominance at low elevation (_0.51) to 0.40 m

above mean hiah water) givinG way to soecies diversity at higher elev-

ations. This continuum may be locally qraduated into three or more

subdivisions or plant communities by the dynamic reltionshi of in-

tertidal deposition and erosion processes. Community structure of the

associated dune upland is distinguishable environmentally and florist-

ically as distinct from the tidal marsh at about 0.90 m above mean hich

water although no attempt is made to resolve finer details of urland

community structure beyond the marsh interface.
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Multivariate Analysis of a Tidal Marsh Ecosystem
at Netarts Spit, Tillamook County, Oregon

I. INTRODUCTION

Research Goals and Objectives

The primary goals of this study are to advance general understand-

ing of Oregon's tidal marsh ecosystems in terms of plant communities

and their functional habitat conditions and contribute to the conceptual

and technical framework used by regulatory agencies to manage these

areas.

Explanatory objectives include an interpretation of the development,

organization and persistence of the Netarts Spit tidal marsh ecosystem.

Operational objectives include the description and comparison of vascu-

lar plant species distributions and selected physical and chemical

habitat conditions. Physical habitat conditions to be determined include

the frequency and duration of tidal inundation, water table depth,

soil texture, and soil moisture content, tension and salinity. Chemical

habitat conditions to be determined include pH, organic matter content,

cation exchange capacity, and total extractable calcium, magnesium,

sodium, potassium and phosphorus.

Jurisdictional Wetland Definition

Section 404 of the Federal Water Pollution Control Act as amended

in 1977 regulates all dumping and construction activities that occur

in all waters of the United States and their adjacent wetlands, except



for certain approved agricultural practices and maintenance of existing,

servicable strucEures [40 CFR Part 240, in 44 FR 54222 (Sept. 18, 1979)].

Wetlands are defined as "those areas that are inundated or saturated

by surface or groundwater at a frequency and duration sufficient to

support, and that under normal conditions do support, a prevalence of

vegetation typically adapted for life in saturated soil conditions1'

[40 CFR Part 240, in 44 FR 54222 (Sept. 18, 1979)].

Among other problems facing state and federal agencies in their

efforts to implement Section 404 appears to be a lack of public under-

standing concerning the range of wetlands covered by this definition

and/or the way it is applied (Pers. corn. Joseph A. Krivak, Office

of Water Regulations and Standards, U.S. Environmental Protection Agency,

dated August 14, 1980). This lack of understanding produces several

serious effects including an increase in the number of unintentional

violations of the Federal Water Pollution Control Act, an increase

in the probability of lawsuits challenging wetlands determinations

and complaints to the Executive and Legislative Branches of government.

In an effort to relieve these problems, the U.S. Environmental

Protection Agency is working in conjunction with the Corps of Engineers

to develop a technical methodology which will retain the ecosystem

emphasis implicit in the regulatory definition of wetlands but reduce

its ambiguity by introducing quantitative, reproducible field techni-

ques for determining wetland ecosystem boundaries. This study offers

conclusions and recommendations concerning both the definition and

the use of multivariate statistical methods to delineate wetland bound-

aries.



Theoretical Framework

Although the construction and application of a precise boundary

definition or other analytical classification to wetland ecosystems can

have tangible value, its elaboration has several intrinsic dangers.

Greatest of these is the imposition of preconceived limits on inherently

variable phenomena and interpretation of categories and patterns so

defined as possessing fundamental biological significance.

Wetland ecosystems are rarely isolated as discrete entities. The

great diversity of natural habitats having some degree of soil satura-

tion and the adaptive capacity of plants to grow and reproduce as a

continuum of intergrading populations frequently cause wetlands to

merge indistinctly into a broader ecological spectra o.f habitats and

plant assemblages.

This study examines changes in plant species distributions and

functional habitat conditions in the bayfront littoral zone of Netarts

Spit. Functional habitat conditions refer to those environmental fac-

tors impinging upon an area that could conceivably influence both the

hfstorical and ongoing performance of plants in that immediate area.

These factors can never by fully identified with complete assurance

for a single individual in nature, much less for populations of many

species. It is assumed however, that careful observation over time

of many factors having demonstratable importance to plant performance

in general will lead to a rational and informative interpretation of

ecosystem organization.

3



These plant species distributions and functional habitat factors

are treated as independent, equally important variables by the mathe-

matical models that will .be presented. This is certainly not the case

in nature where some factors will be limiting, some controlling, some

toxic, and some accessory to others at different times in their effect

on individual plant performances. 1t is further recognized that func-.

tional habitat is an expression of a wider generative habitat consist-

ing of factors such as regional climate, geology, soils, vegetation

and human activities interacting at a diffuse and much smaller scale

than functional habitat but which clearly creates the overall capacity

for functional habitat to exist.

In the sense that other similar areas share the same generative

habitat as Netarts Spit, it is expected that general results of this

study will apply to them as well but that as one or more of these fac-

tors vary, applications will becomes more hypothetical.

Netarts Spit

Geomorphology. Netarts Spit (Figure 1) occurs in a heterogenous

region of the Oregon coastal zone characterized by parabola dunes,

parabola dune complexes or remnants thereof associated with the northern

faces of rocky headlands (Cooper 1958:77). There they rest upon terrace

substrates or ascend steep headland slopes. This region is bordered

by the Clatsop Plain of the Columbia River to the north and the Coos

Bay Dune Sheet to the south. Details of sedimentary and volcanic struc-

ture formation in the Netarts vicinity are provided by Mangum (1967).

4





Netarts Spit, approximately seven km long, is all that remains of

the inner margin of three massive parabola dunes that once extended

between Cape Lookout to the south and Cape Meares to the north (Cooper

1958:82-84). The Spit is low with no point exceeding 15 m in elevation.

The steep seaward face of the Spit indicates that it is very susceptible

to storm wave attack (Corps of Engineers 1975 1:11). Small features of

the Spit are related to differential settling rates and wind erosion

during dry summer months.

Sediments of the Netarts Spit bay front margin are characterized as

unconsolidated sand merging into silt and clay in intertidal areas

(Schlicker etal. 1972:26). These sediments derive from multiple sources

including the surrounding watershed, erosion of coastal landforms and

offshore ocean processes (Glanzman etal, 1971). A major freshwater

aquifer exists within substrata of the northern portion of the Spit

(Shabica etal. 1976:175).

Netarts Bay is a broad, shallow reentrant feature that may have

once been a freshwater lake, slightly above sea level and discharging

primarily by seepage (Cooper 1958:83). Freshwater input occurs mainly

by surface runoff during the winter and is usually small compared to

the tidal volume (Burt and McAlister 1958).

Climate. The rnidlatitude position of the Oregon coast on the western

edge of North America results in primary control of its climate through

the interaction of globally circulating, westerly winds, well established

Pacific Ocean currents, and the location and strength of semipermanent

high- and low-pressure air masses over the North Pacific (Sverdrup 1940),



The Coast and Cascade Ranges also play an important role by isolating

the coastal zone from the severe winter weather of the interior although

cold continental air masses sometimes spread over the mountains or

move down the coast from the northwest, bringing freezing temperatures

and even snow to the coastal region (Baldwin 1973:7).

Table 1 presents temperature and precipitation data for Netarts

Spit and Tillamook during the study period. Comparison of the data

for these two stations indicates that they are very similar but that

slightly more moderate temperatures and less precipitation occur at

Netarts Spit than at Tillamook. Examination of the average values

for Tillamook (thirty yea.r mean 1941-1970) shows that. temperature and

precipitation for that station departed greatly from normal during

the winter months of this study, both being exceptionally low.

In general, it may be said that Netarts Spit has a characteristical-

lymarjtinieclimate with a small annual variation in temperature, cool

summers and mild winters, and a slight range of temperature between

day and night. There is considerable precipitation, dccurring mostly

in winter, and cloudy days or days with fog but without rain occur

frequently in all seasons.

Soils. Soils of Netarts Spit have been mapped at a small scale

(1:250,000) as components of the Netarts Association, one of seven

general soil types found in Tillamook County (Bowisby and Swanson 1964).

This association consists of sand hills and tidal flats along the nar-

row, coastal plain and is comprised mainly of the Netarts and Coquille

series. The Netarts series soils develop quickly on stabilized sand



TABLE 1. CLIMATOLQGICAL DATA FOR NETARTS SPIT AND TILLAMOOK,
APRIL 1978 TO APRIL 1979.

NETARTS SPIT

TILI.AIIOOK

1
Pletarts Spit data from Continuous observations made in the Study area, Tillamook data after PlUM,
Clintatoloqical Data, published monthly.

2
Departure from standard climatological normal calculated over the period 1941-1970.
+ indicates value shown also occurred on subsequent day(s).

8

month

Temperature ('F) Precipitation (in)

ave
max

ave
am ave dept2 high date3 low date3

days max days mm

total dept2
max
day date9O 32° 532° 50°

APR 1978 57 41 49 1 70 24 30 9'.' 0 0 3 0 8.1 1.9 1.2 22MAY 61 43 52 0 87 20+ 38 29+ 0 0 0 0 5.9 1.8 1.5 13
JUN 68 50 59 3 83 1 44 24 1 0 0 0 3.4 0. I 0.6 14
JUL 69 51 60 2 92 21 41 5 2 0 0 0 1.0 -0.1 0.5 16
AUG 70 52 61 2 92 7 42 7+ 0 0 0 0 4.2 2.3 0.9 24
SEP 68 50 59 2 80 25 37 18 0 0 0 0 6.9 3.5 1.0 9
OCT 68 43 55 2 85 14 30 31+ 0 0 5 0 1.8 -6.4 0.8 29
NOV 52 32 42 -5 65 6 18 14 0 0 19 0 9.1 -3.3 1.9 19
DEC 46 31 38 -6 57 1 IS 29 0 2 18 0 6.3 -8.1 1.0 4
JAN 1979 44 30 31 -5 54 2 16 31 0 0 21 0 4.2 -10.0 1.8 TO
FEB 49 37 43 -2 55 25 15 2 0 0 5 0 13.7 2.6 1.7 7
MAR 38 39 48 3 72 13 29 22+ 0 0 6 0 6.9 -3.3 1.5 4
APR 58 41 49 2 69 26 32 18 0 0 1 0 5.3 -1.0 0.9 12

month

Temperature (°F) Precipitation (in)

ave ave
max mm ave dept2 high date3 low

days max days un
max

total dept2 day datedate3 9O 3Z° 32G

APR 1978
MAT
JUN
JUL
AUG
SEP
OC'T

NOV

DEC
JAN 1979
FEB
MAR

52
58
64
64
63
61

60
49
44

43
47

44
48
54
53
54

51

47
39
35
34
37

48

53
58
58
57
56
53
44

49
38
43

61

81

81

82
75

65
75

54

52
50
54

24
19+

1+

1

7

3

5+
1+

13

20
12

37
45
48
46
48
43
39
32
19

24
30

6+
1+

25
6
7

24+
30
10+
29

1

2

0
0
0

0

0

0
0

O
2

0
0

0
0

0

0
0
0
3

3

9
14

2

0
0
0

0

0
0
0
0
0
0
0

7,7
3.4

3.5
1.4

4.3
6.3
1.6

7,1

6,0
4.1

11.3

APR



dunes and are characteristically hummocky in contour, sandy and well-

drained. The Coquille series occurs on nearly level tidelands, flat

stream deltas and bottomlands subject to tidewater overflow. It has

a silt loam texture, is very poorly drained, and is typically under-

lain at a depth of 60 cm or more by blue tidal mud.

During the course of this study, soil pits were excavated and

soils described at a number of tideflat, tidal marsh and upland dune

locations within the study area. Descriptions of selecte.d soil pro-

files are arranged by elevation and presented in Figure2. In general,

these soils are thin, show distinct boundaries where they contact the

sand or blue clay substrate, develop in a lenticular pattern with great-

est depth in the midmarsh and are bound by nearly pure sand at the

tideflat and upland dune margins. This description agrees well with a

transitional sequence between a tidaiflat land type and-the Coquille

and Netarts soil series described by Bowlsby and Swanson (1974) and a

general model of salt marsh sedimentary structure presented by Bouma

(1963).

Vegetation. Floristics and vegetation of the Oregon Coast tidal

marshes have been surveyed indirectly through the literature several

times (including Akiris and Jefferson 1975, Macdonald 1967, 1969, 1971,

1976, Macdonald and Barbour 1974, and Taylor and Frenkel 1979). Further

data have been collected and mapped by a few workers approaching the

problem through original, comparative studies conducted on location in

tidal marshes associated with most or all of Oregon's 17 major estuar-

ies (Eilers 1974, Jefferson 1974, Frenkel etal. 1978). Additional

9



SAMPLE
SITE #2

cm AUOVE
MIIW

0.5

- 1.0

1.5

4 tO it

IS 38

H

N

16 19 21 24 2? 29

59 6? lOt 260 350
111 Hi

dark reddish brown clay loam, sticky
common tine to med. roots
no mottles

dark grey cloy loam, wet
few v. fine roots
no mottles

dark greyish brown sand, wet
few v.fine roots
no moilles

dark grey-blue ctay, wet
view v. tIne roots
no mottles

.

:..j

IIIII

Soil Profile lypes

I Mid-lIttoral sand flat
U Upper littoral cloy loam
UI Transitional sand loam
Ill Supralittorol slabilized

sand

pole brown sand, dry, loose
common flue iomed.roots
no mottles

lit ler leaves, twigs, etc.
forest overslory

dark brown sand, dry, loose
common fine to med. roots
no mottles

reddish black sandy loam, dry, loose
few tine roots
no mottles

Figure 2. Description of selected Netarts Spit soil profiles arranged by elevation.

U dark grey sand, wet
view tonorools
no inot lies

dark greyish brown clay loam, wet
many fine to med. roots
common, fine, distinct dusky red mottles

dark grey Istt brown sandy loam, moist
many tine to med. roots
no mat lies -

light olive grey sand, moist
common tine lo med. roots
no mottles

14-63 -59

0.0(m) .' I

11 'A
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studies focusing upon specific ecologicalaspects of individual Oregon

tidal marshes are available for some areas.

The emergent nature of Oregon's shoreline limits the availability

of sheltered, intertidal habitats suitable for tidal marsh development.

As a result, Oregon tidal marshes tend to be small in size, geographi-

cally isolated, and vulnerable to changes in the physical environment.

Present day marshes are mostly of recent origin with brief depositional

histories.

Floristically, over 140 species of vascular plants and 12 species

of rnacroalgae have been identified as occurring in Pacific Coast tidal

marshes although many of these are limited to a single reference and

as few as 40 may have fairly broad ranges (Macdonald and Barbour 1974:

226). Autecological data for these species is often vague or non-

existent with few exceptions.

The ranges of species present at individual sites have frequently

been observed to occupy more or less discrete vertical zones. Studfes

seeking to explain the underlying causes of this zonation have long

been a central issue in the tidal marsh literature. Pacific Coast

tidal patterns with mixed diurnal inequalities are typically cited

as a unifying factor that may be responsible for distinctive "low marsh"

and "high marsh" environments at widespread locations (Doty 1946 and

Hiride 1954). Other factors including soil saturation, soil texture,

water table depth, specific ion concentration, nutrient relationships,

species interactions, and disturbance have been suggested as important

zonation influences in specific areas.
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Carol A. Jefferson visited Netarts Spit in 1971 and became the first

trained botanist to systematically examine it from the ground and pub-

lish a record of her observations (Jefferson 1974). Her purpose was

to describe vegetation and vegetation processes in tidal marshes in

all the major Oregon estuaries at a time when very little was known

concerning any tidal marsh on the Pacific Coast north of San Francisco.

Jefferson emphasized the community aspect of vegetation by using tabular

analysis to produce a scheme whereby 28 plant communities were recog-

nized as occurring in Oregon tidal marshes. An ordination of selected

sampling sites was subsequently used to reduce these communities to

six marsh vegetation types that were in turn interpreted as a succession-

al sequence resulting from the major environmental influences of salini-

ty, substrate texture and tidal inundation. The tidal marsh of Netarts

Spit includes two marsh vegetation types as identified by Jefferson,

low sand marsh and immature. high marsh, corresponding to distinctly

different topographic gradients. These marsh types also occur in areas

of every other major Oregon estuary except two - those associated with

the Rogue and Chetco rivers of southern Oregon where intertidal vegeta-

tion has developed on unique intertidal gravel beds. Two other tidal

marsh vegetation types, sedge and mature high marsh, were identified

by Jefferson as occurring on other sites around Netarts Bay.

An investigation of the vegetation pattern in the ecotone between

intertidal coastal marsh and the contiguous upland in Oregon and Wash-

ington and including Netarts Spit was conducted in 1977 (Frenkel et j.

1978). Regarding Netarts Spit, Frenkel etal. confirmed the presence
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of two broad marsh vegetation types corresponding to different topogra-

phic gradients and also identified two upland types defined as dune

stabilization by grassland or forest. Tidal marsh community structure

was perceived to be relatively simple and consisting of three associa-

tions: one low and monotypic, one low and diverse, and one high where

all dominant species ranged into the contiguous upland. Freshwater

seepage was cited as an important factor affecting plant species dis-

tributions.

A concurrent investigation ancillary to the transition zone study

just cited and similar studies conducted in California (Harvey etal.

1978) and Alaska (Batten et al. 1978) was undertaken to determine if a

statistical correlation existed between standard tidal datums and the

upper limits of marshes as determined by vegetative analysis (Debaugh

and Bodnar 1980). Applying standard analysis of variance techniques,

it was concluded that an elevation of 0.46 m above mean high water is

significantly correlated with upper marsh limits in Oregon and Wash-

ington except in locations where the tidal marsh grades into a sand

dune upland as it does at Netarts Spit. No explanation of this dis-

crepancy was offered although it was consistent with observations of

three other sand dune associated marshes in addition to Netarts Spit.

The significance of Debaugh and Bodnar's general conclusion may be

great if it is interpreted to support the observation by earlier workers

that community structure in geographically isolated Pacific Coast tidal

marshes is in some way universally related to similar critical tidal

influences (Doty 1946 and Hinde 1954).



In 1979, Bonaker et al. produced a document supporting designation

of Netarts Spit as a natural area preserve within the Oregon System

of Natural Areas. In addition to recapitulating literature already

cited here, this report offers an original description and map of the

entire spit based upon vegetation physiognomy types including strand,

unstabil ized dune-herb grassland, stabilized dune grassland, salt marsh,

and coniferous forest.

A study of the morphological and anatomical responses of five se-

lected tidal marsh plants to soil conditions and marsh position has

been recently completed by Denise M. Seliskar (Seliskar 1980). Her

approachinvo1ved three complimentary strategies combining direct field

observations and field transplant experiments along elevational gra-

dients with greenhouse transplant experiments. Changes in the above

and below ground plant anatomy and morphology were identified using

all three techniques and were interpreted as species specific plasti-

city in response to deviations from field capacity soil moisture con-

ditions.

14



II. MATERIALS AND METHODS

Study Site Selection

Reconnaissance of the Netarts Spit tidal marsh confirms that most

of it is presently associated with two types of topographic gradient

(Jefferson 1974, Frenkel etal. 1978): a low, gradual slope from dune

ridge to tideflat and a higher, sometimes inverted slope that termi-

nates abruptly between 50 and 150 cm above the tideflat. A study area

was selected that includes both topographic types in proximity yet

is secluded from casual human visitors (Figure 3).

Two transects were extended parallel to the elevation gradient

across the lower slope from a point 15 m beyond the lower limit of

rooted, vascular vegetation to a point 15 in beyond the perceived upper

limit of the marsh into upland ecotone. A third transect was oriented

similarly across the higher, abruptly terminating slope (Figure 4).

Twenty-nine primary sampling sites were chosen for intensive, clus-

tered observations of plant species distribution and attributes of

their functional habitat. These sites were located at intervals of

15 in or less so as to have approximately 10 per transect and identified

using wooden stakes for the duration of the study. Elevational data

for each intensive sample point was obtained using a Zeiss automatic

level and metric stadia rod. These data were tied to temporary Nation-

al Ocean Survey tidal benchmarks placed in the marsh in October, 1977

15
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(NOS 1978) and subsequently adjusted to the observed local mean high

water datum.1

Field Methods

Veqetation. Vegetation was sampled in 93 microplots, including

the 29 primary sampling sites, at systematic increments of 5 meters

or less. A 50 x 50 cm steel quadrat frame with a center cross brace

was used to facilitate accurate visual estimation of percent cover

of vascular plants, bare ground and stranded material. Microplot size

was based upon species area data collected by Eilers (1974), Jefferson

(1974) and Frenkel etal. (1978). Cover estimates for each plot were

recorded by Daubenmire cover class (Daubenmire 1959) together with

plot position along each transect. Sampling was repeated at four inter-

vals of approximately three months each beginning on March 29, 1978.

Soils. The upper 35 cm of soil were sampled at each primary samp-

ling site using a barrel core method described by Gallagher (1974). A

series of four cores was taken at each site, combined into 0-15 cm and

15-35 cm samples and reserved for textural analysis. A second series

of cores was similarly taken and reserved for descriptive chemical

profile analysis. A third series 0f single cores was taken at approxi-.

mately six week intervals beginning on March 29, 1978. These cores

18

1Preliminary tidal datums for Netarts Bay, Oregon (dated September
27, 1979) provided by Henry A. Debaugh, Jr., National Oceanic and
Atmospheric Administration, National Ocean Survey, Rockville, Mary-
land.
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were cut into four segment (0-5, 5-10, 10-15 and 15-35 cm) and reserved

for interstitial soil moisture and salinity determination.

Hydrology. Water table level was measured at every other primary

sampling site (intervals of 30 m or less) using 15, 1.3 m long, 10 cm

diameter, covered PVC observation wells as suggested by Chapman and

Ronaidson (1958). Two opposing rows of 2 mm holes were drilled at

10 cm intervals along the lower section of each well to facilitate

water movement into and out of the tube.

Soil moisture tension was measured at every primary sampling site

at three depths (0-5, 10-15 and 25-30 cm) using a portable soil mois-

ture probe (Model 2900 manufactured by Soil Moisture Corporation, Santa

Barbara, California) as described by Brady (1974:177).

Water table and soil moisture tension were measured concurrently

with each soil core collection interval.

Data estimating the frequency and duration of tidal inundation for

each primary sampling site elevation was provided by the National Ocean

Survey (Debaugh and Bodnar 1980) based upon continuous observations

made by a recording tide gauge located at the Netarts public boat dock

throughout the entire study period.

Laboratory Methods

Soil Texture. Soil texture of the 0-15 and 15-35 cm depths of

each primary sampling site was determined using the hydrometer techni-

que (Bouyoucos 1927) to estimate the relative distribution of sand,

silt and clay size particles as a percent of dry soil weight.
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Soil Chemistry. Soil chemistry of the 0-15 and 15-35 cm depths of

each primary sampling site was characterized by the following measures:

pH was determined using a 1:2 soil to solution ratio and glass electrode

pH meter (Jackson 1958), cation exchange capacity and total extractable

calcium, magnesium, sodium and potassium were determined using the

ammonium acetate titration method (Schollenberger and Simon 1945, Peech

etal. 1947), total extractable phosphorus was determined using a dilute

acid-flouride titration method (Bray and Kurtz 1945) and total organic

matter was determined using a potassium dichromate titration (Walkley

and Black 1934). All soil chemistry procedures were performed by per-

sonnel of the Soil Testing Laboratory at Oregon State University.

Interstitial Soil Moisture Content. Interstitial soil moisture con-

tent was determined gravimetrically for each soil core segment taken

periodically at the primary sampling sites (Brady 1974:175).

Interstitial Soil Moisture Salinity. Interstitial soil moisture

salinity was determined by refraction for each soil core segment taken

periodically at the primary sampling sites using a calibrated Goldberg

refractometer (model 10402 manufactured by American Optical Company)

as described by Behrens (1965). Interstitial moisture for salinity

determinations was collected using a 50 cc disposal plastic syringe

to extract moisture from soil wrapped in hardened filter paper.

Analytical Methods

Data Reduction. Data reduction is necessary to create conformal ity

required by matrix operations, to exclude data that may have little or
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no explicit biological meaning and reduce the number offinal computa-

tions. Environmental attributes sampled periodically (i.e., frequency

and duration of tidal inundation, interstitial soil moisture content,

interstitial soil moisture salinity, depth to water table and soil

moisture tension) have been reduced to a mean annual value combining

all observations made in the upper 15 cm of soil into a single esti-

mate. Vec'etation data were reduced to observations made on June 21,

1978, close to the time of peak biomass and diversity at the primary

sampling sites.

Environmental Gradients. Data reduction results in a data matrix

of 29 primary sampling sites with 18 of their associated vegetative

and environmental attributes quantified in various measures- of abun-

dance. Since human capacity to perceive complex gradients in such

an array quickly diminishes with the size of the array, it is neces-

sary to resort to a variety of multivariate, synthetic procedures

to attain reproductible means of overall pattern detection and des-

cription. However, interpretation of complex gradients can be en-

hanced by preliminary examination of the variation found in each

environmental attribute separately.

This process is initiated by arranging the data matrix into a

composite transect ordered by a well-defined, internal gradient such

as elevation (Whittaker 1973, Gauch etal. 1977). Graphically com-

parable displays of individual attribute gradients may then be obtained

by plotting each attribute separately against elevation and visually

fitting a smooth line through the coordinate fiel.d of sample points.
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Since all attributes are plotted separately, data standardization

is unnecessary and the observed range of each attribute determines

its own abscissa axis scale. The accuracy of this method depends

to some extent upon a reasonably even distribution of sample points

with respect to elevation.

Synthetic Methods

The use of muitivariate statistical techniques in vegetation

ecology and many other related and unrelated fields has expanded tre-

mendously in recent years. The perceived advantages of these tech-

niques include objectivity and simplification of the typically complex

data sets associated with ecological field studies, yet no single

technique can be prescribed as the single best device for investigat-

ing vegetation relationships.

Analytically, most methodologies relevant to the ecologist can

be distinguished as being either a zonal or gradient analysis approach

and typified by the techniques of cluster analysis and ordination

respectively (Pimentel 1979:139). These two techniques differ antagon-

istically in that the purpose of cluster analysis is to segregate

individuals into groups,. termed clusters, while ordination intends

to place all individuals into a theoretically continuous sequence.

A potential for useful complimentarity between cluster analysis and

an ordination exists in that both are used to evaluate relationships

between individuals where a-priori groups are undesirable and both

share an identical starting point, a matrix containing coefficients

of resemblance between pairs of individuals.
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The synthetic approach used in this study is a graphical calculus

combining cluster analysis and ordination techniques applied to hier-

archical data sets. Data set relationships and operations are sunina-

rized in Table 2. Application of data set operations to each data

set allows detailed evaluation of complex environmental gradients

across the tidal marsh, the relationship of such gradients to tidal

marsh vegetation ecotones and the utility of applying zonal schemes

as a means of summarizing ecological, characteristics.

Data Standardization. Successful application of rnultivariate

techniques depends to a large extent upon data standardization (Nay-

meir 1973, Noy-meir etal. 1975). For data sets with abundance mea-

sures in different units and with the number of abundance measures

and their sums variable for each sample site, a system of double stan-

dardization has been proposed (Whittaker 1952, Bray and Curtis 1957).

In this system, each attribute abundance is expressed as a percentage

of the maximum value attained by each attribute in any sample so that

the standardized scores indicate, in comparable units, the abundance

of each attribute in relation to its maximum abundance in the entire

series. Assuming that the data are sumarized in an incidence matrix:

A = [a] (i=1,2, ... m; j=1,2, ... n) (1)

and that is an element in the data matrix representing the abun-

dance of attribute i in sample j, standardized attribute scores are

obtained by the equation:

a'.=a..Jai ,j 13 imax



TABLE 2. DATA SET RELATIONSHIPS Nf) OPERATIONS.

Data Set Relationships Data Set Operations

I. Ecosystems

Plant Communities

Functional Habitat

Physical Habitat

Chemical Habitat

I. Data Preparation

Collection

Reduction

II. Data Analysis
(Simple gradients)

III. Data Synthesis

Standardization

Ordination
(Complex gradients)

Cluster Analysis
(Classification)

24
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where a1 equals the standardized attribute score and aimax equals the

largest value of attribute i. Finally, the attribute scores for each

sampling site are expressed as the relative amount contributed by

each attribute to the combined score for that site ustheiquation

a''
ii

na

(a.'./ as,.) 100
1

k=1 "i

where a'' equals the double standardized element and na equals the

number of sampling sites. This system of adjusted scores on a relative

basis is used consistently in all clustering and ordination results

presented in this study.

Ordination. The formal technique of ordination originated in

ecology when recognition of the potentially continuous nature of vege-

tation led to the arrangement of sampling sites into a continuous

order that presumably reflected ecological information (Ramensky 1930,

cited in Whittaker 1973). Although many different kinds of ordinations

have now been successfully applied to represent the coniunjty structure

of sampling sites and/or their attributes as found in nature, most

fall within four general approaches (Pirnentel 1979:137-138): (1) en-

vironmental gradient ordination, this method presumes the environmental

factors important in determining vegetation patterns (Whitta.ker 1956,

Loucks 1962); (2) weighted averages ordination, utilizing values based

upon a prior sequencing of sampling sites or attributes (Ellenberg

1948, Whittaker 1948, Curtis and MacIntosh 1951); (3) interstand dis-

tance measure ordination, based upon measures of statistical similari-

ty between sampling sites or attributes (Bray and Curtis 1957, Seals
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1960); and (4) correspondence analysis, a method that uses the abun-

dance of both sampling sites and attributes to place sampling sites

and attributes on corresponding gradients (Hill 1973, 1974).

When comparative simulation studies of these approaches have been

perrormed, it was generally found that correspondence analysis is most

successful in producing ecologically significant arrangements inter-

pretable as the result of evident and apparently important environmen-

tal gradients (Gauch etal. 1977, Fasham 1977). A primary advantage

of correspondence analysis is that a single application results in

simultaneous ordination of both sampling sites and attributes in terms

of the best mutual fit even when data departs from multivariate normal-

ity and without the need for subjective endpoint selection or

preliminary data arrangement. The implicit assumption that a maximum

association between sampling sites and attributes is ecologically

the most informative seems acceptable although arriving at this solu-

tion through a mathematical procedure is somewhat circular. This

circularity is not incompatible with the goal of scientific research

if it is regarded as resulting in a new successive approximation where-

by a rough conceptualization is revised or replaced by new concepts

(Poore 1962, Hill 1973).

Empirical tests with this data set confirmed the preferability of

correspondence analysis over weighted-averages ordination and several

interstand distance measure ordinations including polar ordination,

with user and program specified endpoints, and standardized principal

components analysis.



Correspondence analysis using a modified eigenvector solution

called reciprocal averaging (Hill 1973, 1974) was used for all

ordination results presented in this study. Assuming that the data

are summarized as in equation (1), the reciprocal averaging procedure

may be represented as:
In

x. = a.Y.Jr (i = 1, ... rn)
j=1 ' '

= axJc Ci = 1, ... n)

where each element of x. equals an attribute, each element of y equals

a sampling site, r equals the sum of the attributes occurring in

each sampling site and c, equals the sum for the occurrence of each

atribute in the sampling site. Since both x and y are expressed in

terms of one-another, the solution is an iterative procedure. initiated

by an arbitrary trial vector and requiring about 35 iterations to

extract 3 axes (Hill 1973).

Each reciprocal averaging axis represents a statistical function

known as an eigenvector which is equivalent to a least-squares regres-

sion line through multivariate data. Each eigenvector in turn has

an associated eigenvalue which is equivalent to the coefficient of

determination (r2) calculated in regression analysis as a measure

of the strength of the relationship between the least-squares line

and the fitted data. In eigenvector analysis the eigenvalues may

be sumed as an indication of the strength of the relationship between

all or selected eigenvectors provided as a solutionto a particular

eigenanaTysis problem.

27
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To present the results of an eigenanalysis as a two-dimensional

ordination, one selects the two eigenvectors with the highest eigen-

values (i.e., the twa regression lines which extract the most variance

from the fitted data) and plots each sample score along these axes

as coordinate points. The °goodness of fitu of this ordination to

the multivariate data is then calculated as the sum of the eigenvalues

(EEV) for these two axes. It Is important to remember that the sum

of the eigenvalues, like the coefficient of determination, is a measure

of linear correlation and that the eigenvectors may yet be perfectly

related to the data by some curvilinear, function even though the ob-

served sum of the eigenvalues equals zero.

All reciprocal averaging calculation results presented in this

study were performed using the program ORDIFLEX (program CEP-25B in

the Cornell Ecology Programs series) edited by Hugh M. Gauch, Jr.,

1977, Ecology and Systematics,. Cornell University, Ithaca, New York.

Cluster Analysis. Cluster analysis, also known as numerical

classification, originated in zoology as a technique to determine

stable taxonomic affinities based upon multiple, unweighted biologi-

cal attributes rather than phylogentic speculation or individual bias

(Sneath 1957, Sokal and Michner 1958, Sokal 1958). Methods impose

a sequence of repeated steps until all samples are placed within a

cluster. Procedurally, there are two distinct strategies: agglome-

rative, in which clusters are formed by sequential addition of samples

(Lance and Williams 1966, 1967) or divisive, in which clusters are

formed by sequential separation of subsets of individuals (Williams
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and Lambert 1959, Edwards and Cavalli-Sforza 1965). Agglomerative

methods generally base clusters on resemblance over all attributes.

Divisive methods use a single and different variable for each level of

separation, an approach of limited value in ecology (Williams 1971).

On the other hand, agglomerative methods suffer from some computation-

al disadvantages and are inherently prone to a small amount of mis-

classification since they begin at the interentity level where the

possibility of error is greatest.

Clustering strategies may be further characterized as being either

hierarchical or nucleated (Williams 1971). Hierarchical methods are

usually depicted by a dendrogram showing the optimal route from the

whole to the individuals while nucleated methods optimize homogeneity

of groups formed without defining the route between groups or groups

and their constituent individuals. Hierarchical methods are better

developed, more versatile and better understood than nucleated methods.

The most widely used clustering methods in ecology are both agglome-

rative and heirarchical (Boesch 1977). An agglomerative, heirarchical

strategy is used for all clustering results presented in this study.

Once a clustering strategy is selected, further decision is nec-

essary regarding an appropriate resemblance measure and fusion strategy.

A large number of resemblance measures have been proposed for quantita-

tive data but most perform in a comparable manner in that the object

of their application is to scale resemblance between 0, for samples

with no elements in common, to some maxima, usually 1, indicating

identity or maximum agreement of elements.
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The resemblance measure which has been most widely used in ecology

is the Bray-Curtis coefficient (Dice 1945, Bray nd Curtis 1957).

Assuming that the data are sumarized as in equation (1), the Bray-

Curtis coefficient is represented as:

D.

- Xjkf

jk n

+ xjk)

where Dik equals the resemblance between attribute i in sample j and

another sample k. Empirical tests with this data demonstrated that

results obtained by use of the Bray-Curtis coefficient were accept-

able for clustering plant species distribution data but were slightly

improved by using an alternative Manhattan metric coefficient for

clustering the environmental data. The Manhattan metric measure be-

longs to the general family of metric distance functions known as

Minkowski metrics and represented as:

0jk = (Ea - aik.)

where r is a constant (Boesch 1977:25). In the case of the Manhattan

metric, r=1 and

Dik
=

ja -

Use of the Manhattan metric resemblance measure for clustering environ-

mental data is preferred over the Bray-Curtis coefficient which, in

this case, appears to place overemphasis on outstanding abundances

and result in artificially high resemblance between samples whose

attribute scores are low.
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Fusion strategies, the algorithms used for defining clusters, are

of many types, each potentially leading to different clusters and

interpretation. Many authors have theoretically and empirically com-

pared fusion strategies (e.g., Sokol and Roif 1962, Cunningham and

Ogilvie 1972, Sneath and Sokol 1973, Frenkel and Harrison 1974), and

concluded that since the performance of any algorithm is data-dependent

no method consistantly out performs all others. The group average

method (Sokal and Michner 1958) is often preferable because it induces

relativel.y little distortion into the relationships expressed in the

original data matrix and produces conservative, relatively sharp clus-

ters. Efforts to provide a statistical basis for fusion strategy

selection based upon measures of cophenetic variation (correlation

between pairs of data matrix elements before and after fusion applica-

tion, Sokol and Rohif 1962) has been shown to be unreliable when two

or more highly correlated variables are present in. the data matrix

(Earns 1977). Given this current state of understanding, selection

of the strategy best-fitted to a particular data set must be accom-

plished on a non-statistical basis guided by user perceptions of what

appears to be biologically the most meaningful.

Empirical tests using a variety of fusion strategies confirmed

the preferability of the group average method. and it was selected

for all clustering results presented in this study. The group average

method defines inter-group resemblance as the mean of all resemblances

between members of one group and another and may be represented as:

Dhk = Dhj + D
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where 0hk = the intergroup resemblance between groups h and k; n, n

and are numbers of entities in groups i, j and k, respectively;

and = n +

Cluster analysis is used in this study to provide objective clas-

sification of data arranged along theoretical gradients by reciprocal

averaging. Groups were chosen from cluster analysis by establishing

a particular level of dissimilarity as a point for stopping fusion

and accepting clusters identified by a single branch crossing that

level. Guided by the nonstatistical perceptions of which fusions

appear to be biologically most meaningful and the need to make eco-

nomical comparisons between hierarchical data sets, a stopping point

of 0.45 (total dissimilartty per run) has been selected to identify

significant groups in all clustering results presented.

Cluster analysis results are plotted over reciprocal averaging

results by enclosing sample points in the ordination field identified

as a group with a broken line (Figure 7). When ordination spacing

permits, intragroup resemblance (i.e., cluster fusions occurring below

their stopping point) may be indicated by compressing or expanding

the distance between the sample points and the broken line. Inter-

group resemblance is usually indicated by group proximity within the

ordination space or may be determined by consulting cluster fusions

occurring above the stopping point.

All resemblance measures and cluster fusion results presented

in this study were obtained using the program CLUSTER originally writ-

ten by James A. Keniston and rewritten by William Faus, Wells Mathews,
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and Jo Oshiro, 1981, Corvallis Environmental Research Laboratory,

Corvallis, Oregon.
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III. RESULTS AND DISCUSSION

Environmental Gradients

Regression of the rank-ordered sample sites against elevation

(Figure 5) indicates that these samples are for the most part evenly

spaced in elevation, except irt the lowest sites. This suggests that

results may be compared across transects on the basis of elevation.

The reduced physical habitat data arranged by elevation are pre-

sented in Table 3. Tidal .marsh formation begins on Netarts Spit at

an elevation of approximately 60 cm below mean high water where it

is subject to saltwater inundation twice daily. The upper limit of

the marsh, at approximately 90 cm above mean high water, is subject

to tidal inundation only a few times a year around the spring and

autumn equinoxes. Between these two extremes plant species are zoned

according to the range of conditions they can withstand; conditions

dominated by the tide at lower levels but nearly independent of them

at the highest levels (Ranwell 1972:63). Tides effect the growth

and reproduction of plants in the intertidal zone through a number

of important factors including mechanical disturbance of seedlings

and adults by tidal scour and wave action; the vertical range of the

tides which controls flooding depths; the form of the tidal cycle

which controls the frequency and duration of submergence and emergence;

and water quality which controls the amount of available sunlight

reaching submerged plants and the salinity to which they are sub-

jected (Ranwell 1972:63).
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ThBLE 3. PHYSICAL HABITAI DATA* ARRANGED BY ELEVATION.
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*ELEVATION is expressed in cm relative to mean high water. ID is the
percent of total annual time that the tide height reaches or exceeds
the given elevation. TP is the percent of the total number of annual
tides that reach or exceed the given elevation. SAND, SILT, and CLAY
are expressed as percent dry weight and follow the International Soil
Science Classification. IN is the mean annual interstitial soil moist-
ure content expressed as percent dry weight. IS is the mean annual
interstitial moisture salinity content expressed in ppt. WT is the
mean annual depth from the ground surface to the water table level ex-
pressed in cm. MT is the mean annual soil moisture tension expressed
in in!,.

i.D. SITE ELEV
PHYSICAL ATTRIBUTES

TF SAND SILT CLAY IN IS WT MT

1.. 301 -66 36.0 99.0 98.5 0.0 1.5 29 27 0 0
2. 302 -63 35.5 98.0 93.8 1.8 4.4 29 9 +14 0
3. 303 -59 34.0 95.5 86.7 6.0 7.3. 35 13 6 0
4. 102 -59 34.0 95.5 96.4 3.0 0.6 30 14 +11 0
5. 101 -58 33.5 95.0 94.4 0.0 0.6 26 27 0 0
6. 202 -56 33.0 93.0 96.6 0.8 2.6 29 16 +9 0
7. 201 -55 32.9 92.0 98.5 0.0 1.5 27 31 0 0
8. 203 -25 21.8 67.0 92.6 4.0 3.4 36 24 9 0
9. 103 -18 19.0 61.0 94.4 5.0 0.6 48 20 20 0

10. 104 14 7.7 28.0 27.8 41.9 30.3 157 18 30 0

11. 204 15 7.3 26.0 94.7 8.8 6.5 72 17 26 1
12. 205 16 7.2 25.9 19.5 44.6 35.9 189 18 24 0
13. 206 22 6.4 24.6 23.7 39.2 37.1 178 16 19 0
14. 304 ,22 6.4 24.6 39.3 39.8 20.9 105 17 27 0
15. 105 24 6.1. 23.7 25.3 39.6 35.1 198 18 28 0
16. 106 38 4.1 15.6 16.8 56.9 26.3 182 15 27 0

17. 207 41 3.7 14.4 56.1 22.6 21.3 132 13 36 0
18. 107 54 2.3 7.3 41.0 30.5 28.5 146 9 43 0

19. 208 59 2.1 6.5 85.5 6.8 7.7 73 9 53 2

20. 307 65 2.0 3.8 78.1 11.1 10.8 119 9 61 1
21. .306 67 2.0 3.8 64.7 19.4 16.0 147 7 17 3

22. 108 75 1.5 5.1 90.2 6.1 3.7 49 3 60 6

23. 305 80 1.0 4.0 47.9 32.9 19.2 119 6 37 6

24. 109 101 0.8 3.0 97.4 1.0 1.6 25 3 92 18
25. 308 105 0.6 2.6 93.8 1.6 4.6 39 3 104 11
26. 209 108 0.5 2.4 91.6 3.2 5.2 32 2 90 12
27. 309 260 0.0 0.0 94.2 3.1 2.7 24 2 250 8

28. 210 310 0.0 0.0 95.2 1.6 3.2 30 1 295 3

29. 110 350 0.0 0.0 99.8 0.0 0.6 20 1 330 10
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Physically, soils of the Netarts Spit study area consist of a

mixture of inorganic particles, decaying organic matter, air and water.

At elevations below mean high water and greater than 75 cm above mean

high water large mineral particles predominate and sandy soils are

found. Between these elevational limits mineral and organic colloids

accumulate through tidal and organic deposition resulting in soils

with rich, loamy characteristics (see Figure 2). The size of particles

in mineral soil is not subject to rapid change and thus is considered

a basic soil property and provides the basis for a number of soil

classification systems (Brady 1974:40). The majority of common marsh

plants can survive on an extremely wide range of salt marsh soils

of highly varied physical structure and composition but their per-

formance and abundance are very markedly effected by physical factors

and their dependent variates such as drainage (Brereton 1971).

tnterstitial soil moisture content data by sample data is pre-

sented in Table 4. Soil moisture content is primarily controlled

by texture at all elevations with fine textured sites showing consid-

erably more moisture than sandy sites. The degree of submergence

at lower elevations keeps moisture content at near uniform levels

year round. Middle to higher elevations show proportionally greater

annual variation as the moderating influence of the tide declines

and changes in weather provide alternating periods of moist and dry,

cool and warm conditions. The dryest sampling date overall occurs

very early in August after a month of 58°F average temperatures and

only 1.4 inches of rain (Table 1). The wettest sampling date overall
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TABLE 4. INTERSTITIAL MOISTURE CONTENT (Z DRY WEIGHT) OF THE COM-
BINED UPPER 15 CM OF SEDflIENT Al' EACH PRIMARY SANPLING
SITE BY SAMPLE DATE.

SITE SAMPLING DATE

1.0. 1 2 s.e.
5/2 6/21 8/2 9/17 10/29 12/28 2/9 3/15

1. - 28 29 30 32 28 28 29 1.4
2. 30 29 27 28 28 31 30 27 29 1.0
3. 37 34 36 37 35 32 33 33 35 1.4
4. 37 30 30 28 29 27 31 28 30 2.1
5. -- - 26 25 27 28 26 26 26 0.6
6. 28 27 27 27 28 36 28 27 29 2.2
7. - - 26 30 25 28 25 26 27 1.6
8. 34 43 30 38 35 37 -- 36 36 2.9
9. 52 41 40 58 49 54 52 42 48 4.8

10. 157 157 136 151 145 159 185 168 157 12.0
11. 72 73 60 67 70 83 70 78 72 4.9
12. 189 197 145 163 178 219 209 210 189 18.0
13. 178 186 137 181 178 183 194 185 178 12.2
14. 107 102 89 110 100 108 107 116 105 5.6
15. 191 217 141 186 192 220 228 213. 198 19.6
16. 194 196 140 165 165 198 215 181 182 16 9
17. 1.14 159 103 113 125 156 148 137 132 15.0
i8. 132 182 110 134 122 160 183. 153. 146 18.8
19. 66 79 48 71 46 65 110 96 73 15.7
20. 115 97 66 129 98 119 137 188 119 25.2
21. 184 144 96 161 151 165 171 106 147 22.0
22. 60 39 15 42 40 62 69 65 49 13,0
23. 130 102 64 113 94 119 177 149 119 24.5
24. 24 20 8 12 32 29 30 47 25 8.6
25. 43 34 15 46 58 28 45 46 39 9.5
26. 28 36 17 49 26 24 43 30 32 7.5
27. -- - 15 29 23 20 28 26 24 2.2
28. -- - 20 30 -- 27 31 41 30 7.0
29. -- - 16 22 19 19 19 24 20 2.2
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occurs in February, just two days after the second rainiest day of the

study period, during a month with an average temperature of 43°F and

11.3 inches of rain.

Interstitial soil moisture salinity data by sample date is pre-

sented in Table 5. There is a positive linear relationship between

salinity and tidal factors except at the marsh1s lower extremity where

salinity levels are depressed by freshwater seepage. The usual pattern

is a gradual decline in interstitial salinity from a concentration

near that of the seawater which regularly and frequently bathes the

lowermarsh to very low concentrations near the extreme range of the

tides where the influence of regular freshwater flushing is the great-

est. Only where persistently high levels of salinity occur close

to a species' limit of tolerance does salinity become limiting

(Ranwell 1972:75). Since these conditions occur only in a narrow

range of elevation at Netarts Spit, where species may become discon-

tinuous for a variety of other limiting factors, the location of a

site where salinity is an operative limiting factor is difficult to

define. The seasonal variability of soil moisture salinity shows

an overall pattern which is similar to soil moisture content agaTh

suggesting primarily tidal control at lower elevations (modified in

the case of salinity by local freshwater discharge) and climatic con-

trol at higher elevations.

Water table depth data by sample date is presented in Table 6.

In general, the water table is deepest at higher elevations but gradu-

ally approaches the ground surface with decreasing elevation until



N - indicates insufficient soil moisture present to obtain sample.

4'

TABLE 5. INTERSTITIAL MOISTURE SALINITY (P PT) OF THE COMBINED UPPER
15 CM OF SEDIMENT AT EACH PRIMARY SAMPLING SITE BY SAMPLE
DATE.

SITE
I.D.

SAMPLING DATES
X 2 s.e.

512 6/2]. 8/2 9/17 10/29 12/28 2/9 3/15

I. - 31 29 28 26 21 25 27 2.8
2. 4 5 8 1.3 11 8 1). 10 9 2.2
3. 8 U 17 15 15 12 14 13 13 2.0
4. 9 10 12 13 17 17 12 18 142.4
5. - - 35 29 30 27 18 25. 27 4.6
6. 12 12 14 16 17 17 15 22 16 2.4
7. - - 36 30 32 30 29 28 3]. 2.4
8. 16 17 29 26 30 23 25 22 24 3.6
9. 17 21 32 20 19 17 17 20 20 3.6

10. 16 20 29 18 26 16 8 12 18 4...8
11. 1.1 18 26 19 22 17 7 11c 17 4.2
12. 13 19 25 20 26 14 10 14 18 4.. 2
13. 9 18 30 18 24 12 7 11 16 5.6
14. 16 18 28 18 2.5 14 6 13 17 4.8
15. 14 20 31 19 22 13 15 9 18 4.8
16. 9 17 31 11 20 ii. 9 9 15 5.6
17. 7 15 27 7 16 10 12 9 13 4.6
18. 7 13 25 5 5 7 6 6 9 4.8
19. 9 16 20 2 5 5 5 6 9 4.4
20. 16 10 19 5 6 5 4 7 9 4.0
21. 7 7 15 5 4 8 4 7 72.6
22. 4 3 N 3 3 2 2 3 3 0.6
23. 5 7 7 6 6 4 5 5 6 0.8
24. 2 4 N 2 6 2 2 3 30.6
25. 3 3 N 2 2 5 2 3 3 0.8
26. 3 2 N 2 2 2 2 2 2 0.2
27. - - N 2 3 N 1 1 21.0
28. - - 3. 0 2 2 1 1 1 0.6
29. - - N 0 N 1 0 1 ]. 0.6



+ - indicates water standing in well above ground level.
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TABLE 6. DEPTH TO WATER TABLE (CM) IN EACH OBSERVATION WELL
BY SAMPLE DATE.

SITE
I .D.

SAMPLING DATE
X 2 s.e.5/2 6/21 8/2 9/17 10/29 12/28 2/9 3/15

2. +10 +10 +9 +18 +23 - -- +14 5.64. +7 +9 +8 +13. +15 +15 +1]. +11 2.46. +6 +5 +6+7 +14 +12 +13 +9 2.910. 40 37 51 35 U. 6 28 30 12.2ii. 45 32 52 20 15 10 9 26 6.5
13. 41 U 58 14 7 2 19 16.7
14. 30 25 67 23 22 10 15 27 14.116. 40

66
8
62

74
97

20
54

32
60

+2
5

18
26

27
53

9.4
22.4

21. 15 22 44 U 23 +5 2 16 12.0
22. 73 80 104 62 69 7 22 60 25.5
23. 29 41 76 22 51 13 25 37 16.2
24. 115 111 114 97 92 57 56 92 19.325. 108 118 132 98 113. 75 86 104 14.626. 105 101 102 102 100 48 72 90 8.2
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the water table intersects the ground surface and discharges steadily

at about 60 cm below mean high water. It should be noted that sites

21 and 23 appear to be exceptions since they have unusually high water

tables for their relatively high elevations. These are sites which

have their drainage impeded by topography and underlying clay strata.

Like soil moisture and. salinity content, seasonal patterns of water

table depth. variability appear to be under tidal control at lower

elevations and climatic control at higher elevations. In thiscase,.....

the important variables are not inundation patterns or precipitation -

and temperature, however. Brown (1925) has shown that the freshwater

body beneath small pervious islands capped with dunes, a system analo-

gous to Netarts Spit, is lens-shaped and floats upon a convex salt

groundwater surface. It appears then, that it is the depth of this

salt groundwater surface which fixes the point where the fresh water

table discharges at the surface. Temperature changes can have little

conceivable effect on the depth or shape of this domelike, hydrologic

surface so precipitation and infiltration rates probably control the

depth of the water table at higher elevations. Periods of high pre-

cipitation cause the water table to recharge to its greatest capacity,

as in February, and periods of low precipitation allow it to discharge

to a low level approaching the salt groundwater surface, as in August.

Soil moisture tension data by sample date is presented in Table 7.

Moisture tension is a measure of the pressure that must be applied to a

soil to bring it to a saturated equilibrium. No measurable gradient

of soil moisture tension is apparent until approximately 60 cm above



TABLE 7. SOIL MOISTURE TENSION CMILLIBs) OP TEE COINED UPPER
1.5 CM OP SEDINT AT EACH PRB'ARY SAIPLING SITE BY SALE
DATE.

I. 0 0 0 0 0 - 0 - 0 0,0
0 0 0 0 0 0 - 0 0.0
0 0 0 0 0 0 0 0.0
0 00 0 0 0 0 0.0
0 0 0 0 0 - 0 0 0.0
0 0 0 0 0 0 0 0.0
0 0 0 0 0 0 - 0 0.0
0 0 0 0 0 - 0 - 0 0.0
0 0 0 1 0 - 0 - 0 0.3
1 0 0 0 0 - 0 0 0.3
3 0 0 0 0 0 - 1 1.0
1 0 0 0 0 - 0 - 0 0.3
0 0 0 0 0 - 0 0 o.o
0 0 0 0 0 - 0 - 0 o.o
1 0 0 0 0 - 0 - 0 0.3
1 0 0 0 0 - 0 - 0 0.3
0 0 0 0 0 0 - 0 0.0
1 0 0 0 0 - 0 0 0.3
4 4 5 0 1 0 - 2 1.8
0 0 3 5 0 0 - 1 1.8
0 2 9 5 0 - 0 - 3 3,0
4 6 22 2 2 0 6 66
1 2 20 14 0 - 0 - 6 7.1
6 7 88 3 1 - 1 - 18 14.1
0 19 29 15 0 - 0 - 11 io.i
7 II 38 II 1 - 2 - 12 11.1- - 88 16 6 3 28 40.2- - 6 2 1 - 2 3 2.2- - 37 2 1 - 1 - 10 17.8
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SITE SAIPLING DATE
I .D.

5/2 6/21 8/2 9/17 10/29 12/28 2/9 3/15
2 s.e.
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mean high water, below this point the soils appear to be almost fully

saturated all year long. Between 60 and 100 cm above mean high water

there is a low but measurable degree of moisture tension which in-

creased dramatically at elevations greater than 100 cm above mean

high water. It seems probable from field experiences with a portable

soil tensiometer that these high values would be even higher if a

different device had been used that was capable of better coupling

with the dry, loose sands encountered at these sites. Examining the

seasonal variation in moisture tension it is apparent that wherever

the tides can regularly reach, even if only for a brief period, soils

will remain saturated but where they cannot reach, or reach only very

rarely, moisture tension will depend upon climatic controls.

Chemical habitat data arranged by elevation is presented in

Table 8; no data concerning seasonal variability of these attributes

was collected. The pH gradient across the Netarts Spit study area

does not at once show a simple trend. The higher and drier elevations

show a slightly lower pH than the low, moist sites but considerable

variation exists at intermediate elevations. Acidity in the high

elevations may be correlated with leaching and eluviation of exchange-

able calcium and magnesium (the process of podzolization) as well

as their relative dryness. In general , at a pH of less than 6.0 soil

micronutrients and metals become increasingly soluble and potentially

toxic.

Cation exchange capacity refers to the total of exchangeable

cations that a soil can absorb. By cation exchange, hydrogen ions



TABLE 8. CHEMICAL HABITAI DATA* ARRANGED BY ELEVATION.

*ELEVATION is expressed in cm relative to mean high water. CEC is
the cation exchange capacity expressed in ifliequiva1ents per 100 g
of sediment. Total extractable Ca-H-, -+, and Ta+ are expressed in
milliequivalents per 100 g. Total extractable Pt (total phosphorus)
and K+ are expressed in ppm. OH is the total organic carbon content
expressed as percent of dry weight.
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I.D. SITE ELEV

henica1 Attributes

pH EC Ca-H- Mg-H- Na+ K+ Pt OH

1.

2.302-63
301 -66 6.9 2.1 1.0 2.4 9.0 187 12 0.1- - -- --- -- - - -_

3. 303 -59 6.8 5.9 1.7 3.4 8.7 382 13 0.7
4. 102 -59 6.7 3.7 1.1 2.5 7.0 234 15 0.4
5. 101 -58 7.3 1.9 1.0 3.0 13.0 234 15 0.4
6. 202 -56 7.0 2.9 1.0 2.2 7.0 226 17 0.5
7. 201 -55 6.8 1.6 0.8 2.0 7.0 187 14 0.2
8.
9.

203 -25
103 -18

6.6- 9.0 1.8 4.6 13.5 503 28 1.4- - - -- - -_
10. 104 14 6.2 40.3 6.3 20.0 8.0 1521 15 12.3
11. 204 15 6.5 25.5 4.7 13.3 57.0 819 13 5.7
12. 205 1.6 6.0 52.4 6.9 25.0 9.0 1716 10 10.).
13. 206 22 5.7 449 6.3 2.3.3 76.0 191). 21 11.3
14. 304 22 6.1 28.3 3.7 12.9 57.0 1014 11 3.7
15. 105 24 5.7 49.7 7.4 25.4 57.0 1560 12 13.6
16. 106 38 5.7 52.2 7.0 23.7 26.0 1482 18 15.2
17. 207 41 6.0 34.0 4.9 15.4 41.0 1092 29 8.5
18. 107 54 5.9 45.3 6.0 16.9 43.0 1092 17 11.1
19. 208 59 6.0 20.0 3.7 9.6 18.3 550 20 6,9
20. 307 65 5.8 21.1 4.3 10.0 11.3 394 15 A.4
21. 306 67 6.2 71.6 8.2 21.7 11.7 741 16 18.9
22. 108 75 6.6 9.8 2.6 4.6 3.0 304 24 2,7
23. 305 80 .6.7 56.0 8.0 18.3 10.7 1131 22 12.9
24. 109 101 6.5 7.8 1.8 2.5 1.0 164 2 3.0
25. 308 105 6.1 7.8 1.3 2.3 0.5 179 14 4.5
26. 209 108 6.2 5.9 1.9 3.0 1.5 203 20 3.8
27. 309 260 5.1 7.2 1.3 2.2 0.4 39 10 1.7
28. 210 310 5.1 5.3 0.8 2.3 0.4 86 15 1.5
29. 110 350 5.5 4.3 1.0 1.0 0.2 55 1 1.0
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from the root hairs of plants and soil microorganisms replace nutrient

cations from the soil exchange complex. Nutrient cations are then

forced into the soil solution where they can be assimiiated by the

absorptive surfaces of roots and soil organisms or they may be removed

bydrainage water. Factors operating to expedite orrtard thIe

lease of nutrients to plants include the proportion of the cation

exchange capacity of the soil occupied by the nutrient in question

and the effect of other ions held in association with it. In general,

cation exchange capacity is effected most by the amount of clay and

organic matter present in the soil and since these soil constituents

are relatively abundant in the Netarts Spit study area only between

mean high water and about 90 cm above mean high water, cation exchange

capacity follows a similar distribution.

Measurement of specific cations in the Netarts Spit study area

was limited to calcium, magnesium, sodium, and potassium. Once again

it is seen that the distribution of these factors is closely related

to the distribution of clay and organic matter. At the lower and

mid-elevations the ionic balance between these elements is overwhelm-

ingly dominated by sodium. This creates particularly severe problems

for plants since they must maintain a balanced ionic environment in-

ternally in the face of a permanently imbalanced external medium.

There are at least four ways in which tidal marsh plants have become

adapted to enable normal metabolic functioning in high sodium environ-

ments: ion selection, ion extrusion, ion accumulation and ion dilution

(Ranwell 1973:50). Many tidal marsh species exhibit more than one of



these adaptations simultaneously and the relative importance of each in

any particular species may vary according to the stage of growth and

environmental conditions.

Of the three remaining cations, potassium is the most abundant

followed by magnesium and calcium. Potassium is rarely a limiting

factor for most soil types but may be important in sandy soils such

as the Netarts study area uplands. The greater abundance of magne-

sium over calcium is unusual but attributable in this case to the

contribution of seawater. Magnesium and calcium function similarly

in the soil as important macronutrients and as moderators of pH levels

which tend to be more acidic where they are lacking. It has also

been suggested that calcium is essential for the maintenance of the

integrity of selective ion transport mechanisms at the surface of

the absorbing cells of the roots where the entry of ions into the

roots is governed (Elzam and Epstein 1969).

The distribution of total exchangeable phosphorus shows a pattern

that is closely related to pH. The solubility of phosphorus decreases

at both ends of the Netarts Spit study area pH range. In addition

to pH and related factors, organic matter and microorganisms may strong

ly effect phosphorus availability. The decomposition of organic matter,

which is abundant between mean high water and about 90 cm above mean

high water and consequent high microbial populations can result in

the temporary tying up of inorganic phosphates in microbial tissue.

Products of organic decay such as organic acids and humus are also

thought to be effective in forming complexes of iron and aluminum



compounds (Brady 1974:469). This engagement of iron and aluminum re-

duces inorganic phosphate fixation to a large degree.

Physical Habitat

Primary sampling sites with their physical attributes are classi-

fied using reciprocal averaging ordination and cluster analysis and

are presented in Figure 7. To understand this figure, it is necessary

to examine the correspondence between Figure 7a (sampling sites) and

7b (physical attributes). Cluster analysis results are presented

in dendrogram form in Figure 8 to illustrate inter- and intragroup

dissimil arity.

In this data set, the X-axis of the site ordination corresponds

to an increasing complex gradient of tidal factors (T-tidal inundation

frequency and duration) and a decreasing complex gradient of hydrologic

factors (H - water table depth and soil moisture tension). The Y-

axis of the site ordination corresponds to an increasing complex gra-

dientof fine textured sediments and interstitial soil moisture

(T - percent silt and clay and interstitial soil moisture content).

The two remaining physical attributes not at once grouped into

a complex gradient may be interpreted as variants of one or more com-

plex gradiants. Sand, or coarse sediment, is the inverse of fThe

textured sediment (T'). Interstitial soil moisture salinity (IS)

is closely related to the gradient of tidal factors (1) and the hydro-

logic gradient (H), specifically fresh water table discharge at some

low elevation sampling sites. The result is that interstitial soil
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Fgsire 7. Results of reciprocal averaging ordination of physical attributes (EV=85.4%). Groups
are identified using cluster analysis. (a) Physical site types: Sds - supralittoral
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t?igure 8. Results o. cluster analysis of physical attrthites. (a) Physical site types: Tmi
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moisture salinity tends to increase with the tidal gradient along

the X-axis of the physical attribute ordination but is deflected from

linearity among the lower elevations.

Each physical site type can be assigned a descriptive name with

respect to its position along these complex gradients of tides, hydrol-.

ogy and texture: supralittoral dry sand (Sds), transitional moist

loam (Imi), upperlittoral saturated loam (Usi) and midlittoral satu-

rated sand (Mss). Looking at the relative positions of these site

types in the site ordination one may infer that the transitional moist

loam sites form the most heterogenous type and are intermediate in

their characteristics between the sites of the supralittoral dry sand

type and the upperlittoral saturated loam type. Furthermore, it appears

that the rnidlittorai saturated sand sites are the most distinctive

with respect to their overall characteristics, This impression is

confirmed by examining cluster analysis results for the sampling sites

(Figure 8a).

Chemical Habitat

Primary sampling sites with their chemical attributes are classf.

fied using reciprocal averaging ordination and cluster analysis and

are presented in Figure 9. Once again it is emphasized that to under-

stand this figure it is necessary to examine the correspondence between

Figure 9a (sampling sites) and 9b (chemical attributes). Cluster

analysis results are presented in Figure 10 to illustrate inter- and

intragroup dissimilarity.
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In this data set, the X-axis of the site ordination corresponds

to a complex gradient of decreasing nutrient availability (N) that

includes organic matter, cation exchange capacity, and all cations

measured. This axis serves to distinguish all sites as having either

some appreciable degree of nutrient availability or else as being

distinctly deficient in all attributes measured. In the latter cate-

gory, the mineral group (M), are found sites of both the highest and

lowest elevations sampled, sites whose substrates consist of nearly

pure sand.

The Y-axis of the site ordination corresponds to individual attri-

butes within the complex nutrient availability gradient as increasing

organic matter and decreasing sodium. Cation exchange capacity, mag-

nesium, and calcium also generally increase along this axis but are

modified by pH. Potassium appears neutral. Total phosphorus and

pH appear closely related in the ordination field but cluster analysis

(Figure lOb) indicates that the correlation is somewhat less than

that of the other attributes.

Each sampling site has again been assigned to one of four site

types. Each chemical site type can be assigned a descriptive name

on the basis of its position on the complex nutrient availability

axis: calcic-organic (CaO), magnesic-organic (MgO), transitional

mineral (Tm), and mineral (M). The reciprocal discontinuity of sample

elevations in each group except MgO and the attenuation of each group

along the Y-axis, particularly in the Tm and M groups may be explained

by the fact that most chemical attributes reported here have syniiietrical
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gradients that decrease in both directions from a rnid-elevational

maxima. This results from the accumulation of mineral and organic

colloids through tidal and organic deposition at middle marsh eleva-

tions between mean high water and 75 cm above mean high water. The

important exception is sodium which peaks at a low elevation and serves

to distinguish samples by elevation along the Y-axis in groups whose

sites would otherwise share a connon level of all attributes.

Examination of cluster analysis results for the sampling sites

(Figure lOa) suggests that the separation of sites into nutrient-

available or nutrient-poor (mineral group) categories appears valid.

However, the nutrient-available groups are more heterogenous, as In-

dicated by the high intergroup dissimilarities, and their classifica-

tion is relatively undiscriminating due to the highly intercorrelated

nature of all chemical attributes measured.

Functional Habitat

Primary sampling sites with their combined physical and chemical

attributes are classified using reciprocal averaging ordination and

cluster analysis and are presented in Figure 11. The sampling site

ordination is presented in Figure ha and combined physical and chemi-

cal attribute ordination is presented in Figure lib. Cluster analysis

results are presented in Figure 12 to illustrate inter- and intragroup

dissimilarity.

In this data set, the X-axis of the site ordination corresponds

to a decreasing complex gradient of fertility and texture (Ft) includ-

ing organic matter, cation exchange capacity, percent silt and clay,



0 100.0 0 x 100.0

Figure 11. Results of reciprocal averaging ordination of functional habitat attributes (Ev=83.3%).
Grouns are identified using cluster analysis. (a) functional, habitat types: Sds -
supralittoral dry sand, Tml - transitional moist loam, Tmo - transitional moist organ-
Ic, Uso - upperlittoral saturated organic, and liss - midlittoral saturated sand (b)
Complex functional gradients H - hydrology (MT - soil moisture tension, UT - water
table depth), FT - fertility/texture (OH -organic matter content, CEC - cation exch-
ange capacity, IM - interstitial soil moisture content), and T - tides (IS - inter-
stitial soil moisture salinity,TF - frequency of tidal inundation, TJ) - duration o
tidal inundation).
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(TF - frequency of tidal inundation, TI) - duration of tidal Inundation, IS - inter-
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interstitial soil moisture content, and all cations measured. The

Y-axis corresponds to an increasing complex gradient of hydrologic

factors (H) including soil moisture tension and water table depth

and a decreasing complex gradient of tidal factors CT) including the

frequency and. duration of tidal inundation. Residual attributes grouped

in the center of the site attribute ordination field (Figure lib) are

interpreted as variants of the complex gradients - sand is the recipro-

cal of fine texture (Ft) and pH and total phosphorus are both related

through complex relationships to each other and various attributes

of the fertility and texture complex.

The complex gradients identified.here are essentially the same as

those identified in the ordination of physical habitat attributes

(Figure 7b). The important differences are that the addition of flume-.

rous highly correlated chemical attributes has rotated elevation away

from the X-axis onto the Y-axis and allowed a more discriminating

classification of middle elevation sites than was possible with either

physical or chemical attributes alone. Names applied to the function-

al habitat types have been conserved from the physical site types

with one change and one new addition: supralittoral dry sand (Sds),

transitional moist loam (Tml), transitional moist organic (Tmo), upper-

littoral saturated organic (lJso), and midlittoral saturated sand (Mss).

The major difference between this classification and that based only

upon physical attributes is the recognition of a new group, the tran-

sitional moist organic type between approximately 40 and 80 cm above

mean high water and distinguished by its high organic content.

59



more complete flora for tidal marshes of Oregon and Washington
has been compiled by Frenkel etal. (1978); and for Netarts Spit by
Bonaker et al. (1979).

60

Examination of the cluster analysis results for the sampling

sites (Figure 12a) indicates that the organic groups (Uso and Tmo)

form the most closely related core of sites followed by the loam sites

(Trnl) which are set clearly anart from sand sites (Sds and Mss). The

sand types are no longer lumped together, as when classified by chemi-

cal attributes alone, but are clearly distinguished at opposite ends

of the hydrologic and tidal gradients (Figure 11). Examination of

the cluster analysis results for the combined physical and chemical

attributes (Figure 12b) indicates that the three major complex gradients

(fertility and texture, hydrology, and tides) have very high intragroup

dissimilarities and, for purposes of this analysis, are independent.

Vegetation

A list of plant species identified in the primary sampling sites

on June 21, 1978 is presented in Table Included on this list

are two psuedospecies - rafted litter (Raft), which refers to eelgrass

wrack that becomes stranded by the tides on top of the Netarts Spit

tidal marsh in large, periodically mobile quantities and stranded

beach logs (Strn), which refers to larger, less mobile wood debris

that is also occasionally deposited on the marsh by the tides. These

items were included with this list because their occurrence in the

marsh is a frequent and conspicuous phenomena correlated with tidal

factors and intertidal zonation that is also amenable to measurement



TA8LE 9. PLANT SPECIES RECORDED IN SAMPLING SITES, JUNE 21, 1978.

Aca I
Amal
Assu
Atpa

Caob
Cusa

Dece
Di sp

Elmo

Gaap
Gash
Gi n
Grin

Hobr
Hol a

Jaca
J uba

Laj a
Lapa

Madi
Myca

P1 Si
P1 ma

Pooa
Ptaq
Pyfu

Raft

Savi
Scam
Spca
Spdo
S thu
S tm

Irwo
Trco
Irma

Zona

Agrostis alba L.
Am&anchier alnifolia Mutt.
Aster subsoicatus Nees
Atriplex patu a L.

Carex obnuota Bailey
Cuscata salina Engeim.

Deschamosla cespitosa (L..) Beauv.
D'stich is spicata (L.) Greene

Elymus mollis Inn.
Galium aoanine L.
Gaulthenia shallon Pursh
G aux maritima L.
Grine1ia inteqnifolia DC.

Hordeum brachyantherum Nevski
Mocus lanatus L.

Jaumea cannosa (Less.) Gray
Juncus balticus Willd.

Lathyrus jaoonicus Willd.
Lathynus Dalustris L.

Maianthemum dilatatum (Wood) Mels. & Mcabr
rlynlca Cham.

Picea sitchensis (Bong.) Carr
Plantaqo maritima L.
Potentllla pacifica Howell
Pteri di urn aquilinuni (L.) Kuhn
Pyrus fusca Raf.

(psuedospeci es)

Salicomnia virginica L.
Scirous amenicanus Pers.
Soergulania canadensis (Pens.) G. 1)on
Soirea doualasii Hook.
Steilania rumifusa Rottb.
(psuedospeci es)

Inifloium wonmskjoldii Lehm.
Trialochin concinnum Davy
Trig ochin rnanitimum L.

Zostena nana Roth

Nomenclature follows Hitchcock and Cronquist, 19fl.

redtop
service berry
Douaias' aster
comon orache

slough sedge
saltrnarsh dodder

tufted hairgrass
saltgrass

dune wildrye

ci eavers
salal
saitwort
qumweed

meadow barley
common velvetqrass

jaumea
Baltic rush

maritime oeavine
marsh peavine

false lily-of-the-valley
Pacific wax-myrtle

Sitka spruce
seaside olantain
Pacific silverweed
bracken fern
western crabapole

rafted litter

pickleweed
American bulrush
Canadian sands ourry
spirea
low starwort
stranded beach log

sprinobank clover
araceful arrowrass
seaside arrowgrass

dwarf eelgrass
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t.D. Species and Author Coninon Name
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in terms of the cover-classes used to estimate and record plant per-

formances; however, these psuedospecies do not respond physiologically

as do living vascular plants.

Plant species cover data for the primary sampling sites are clas-

sified using cluster analysis and presented in Table 10. Preliminary

examination of this data suggests that at the lowest observed eleva-

tions (samples 01 to 07) there is a zone which is sparsely if at all

vegetated by only one or two species (Zostera nara and Scirpus amen-

canus), followed by a broad zone (samples 08 to 17) of consistent

dominance by five species (including Raft), and then a tendency for

dominance to be replaced by diversity as can be seen in Table 10 by

a shift from the distribution of few species across many samples to

many species across a few samples.

Primary sampling sites with their associated plant species are

classified using reciprocal averaging ordination and cluster analysis

and presented in Figure 13. The sampling site ordination is presented

in Figure 13a and the plant species ordination is presented in Figure

13b. Cluster analysis results are presented in Figure 14 to illustrate

inter- and intragroup dissimilarity. This data set differs from the

previous ones in at least two very important respects - the ordination

and clustering are now being performed with more attributes (37) than

sampling sites (29) and these attributes are summarized by discontin-

ous, multistate data (cover values) as opposed to the continuous,

quantitative data of the habitat attributes.

Each primary sampling site has been assigned to a plant community

in Figure 13a and these plant communities are given a descriptive name



TABLE 10. PLANT SPECIES DISTRIBUTION DATA ARRANGED BY ELEVATION.*

SDecjes

2..,1..2.
1.
22
32

13522212....3...l...212...
.32..

* Data recorded by cover class after Daubenmire 1959.

22222
56789

Coastal
Scrub-Forest
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37. M'ca .......36. Pisi .......
35. Ama].
34. Pyfu
33. aola . - ......
32. Ptaq31. Spdo .......30. Laja .......
29. Gash 1

28. )adi
27. Lapa26. Man ....... ....1.i.
25. Gaap 2
24. Stn 1
23. E1 1 2
22. Aga]. 3....5
21. Caob 5

20. Papa 21553.2
19. Bobr 1
18. Juba 2 222
17. Trwo
16. Dece 213212.
15. Atpa
14. Sthu 1

13. Grim 1 33.1...
12. Glma 1 .1..
11. Cusa 1.

10. Disp 5554332322 22. 1..
9. Jaca 143 33 22 .1
8. Pima 3
7. Savi 2211333552 21...
6. Trma 2 32 312
5. Trco 1
4. Soca 11
3.Raft 454.2. 5423.141.1
2. Scam 111... 1

1.Zona ..2
Samales 0 0 0 0 0 0 0 0011111111 11222221234567 8901234567 S 9 0 1 2 3 4

Plant Submergent Emergent rransitional
Coimities Ealophyta Ralophyte Grassland-orb

Elevation LOW RICH
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based upon the dominant life form of their corresponding plant species

groups in Figure 13b: semisubmergent halophyte (Sh), emergent halo-

phyte (Eh), transitional grassland-forb (Tgf), and coastal scrub-

forest (Csf). The results of cluster analysis of sampling sttes

(Figure 14a) shows reasonably homogenous groupings that combine in

an orderly fashion through higher fusions to show a close affinity

between the transitional grassland-forb and coastal scrub-forest com-

munities followed by the emergent halophyte community and the semi-

submergent halophyte community being the most distinctive. The site

ordination (Figure 13a) on the other hand shows a closer affinity

between the halophyte communities (Sh and Eh) followed by the transi-

tional grassland-forb comunity (Tgf) and a relatively great distance

between these three and the coastal scrub-forest community (Csf).

As can be observed in Table 10, the psuedospecies Raft overlaps com-

pletely between the submergent halophyte and emergent halophyte com-

munities and the ranges of eight species overlap between the emergent

halophyte community and the transitional grassland-forb community,

including four important dominants, while only four species overlap

between the transitional grassland-forb comunity and the coastal

scrub-forest community. These overlapping psuedospecies and species

ranges together with the similarity of life forms suggest that in

this case site ordination (Figure 13a) offers the preferred community

arrangement over cluster analysis (Figure 14a).

Results of cluster analysis for the plant species (Figure 14b)

indicate that these groups vary widely in their degree of dissimilari-

ty and do not combine through higher fusions into the community types



67

recognized in the site ordination. One psuedospecies, Strn, is judged

to be misclassified i.n group B and is subjectively reclassified into

group H in the species ordination (Figure 13b, Strn is identified

by the number 24) to improve the, within group homogeneity of group B.

Each of the four plant community types presented are identified

in terms of the annual variability of the four physical habitat fac-

tors which were measured periodically throughout the study period

(interstitial soil moisture content, interstitial soil moisture salini-

ty, soil moisture tension, and water table depth) and are presented

in Table U. Statistical hypothesis testing was not used to compare

the means of these factors between plant communities because the sample

sizes are small and have unequal variances but visual inspection sug-

gests a number of possible conclusions. Mean interstitial soil moisture

content values ± 2 standard errors appear to be distinct for all com-

munities although the emergent halophyte and transitional grassland-

forb communities differ by only a slight (6.7%) difference. Mean

interstitial soil moisture salinity values ± 2 standard errors indicate

that the semisubmergent halophyte community and the emergent halophyte

community appear identical with respect to this variable but the tran-

sitional grassland-forb community and the coastal scrub-forest community

are each distinct. Mean soil moisture tension ± 2 standard errors in-

dicates a very slight break (0.7 mb) between the emergent halophyte

community and the transitional grassland-forb community but otherwise

shows a broadly overlapping gradient between communities. Water table

depth ± 2 standard errors indicates a small break (6.6 cm) between the



TABLE 11. MEAN INTERSTITIAL MOISTURE CONTENT, INTERSTITIAL MOISTURE SALINITY, MOISTURE
TENSION, AND DEPTH TO WATER TABLE FOR EACH PLANT COMMUNITY.

Plant
Communities

INTERSTITIAL INTERSTITIAL MOISTURE WATER TABLE
MOISTURE (%) SALINITY (PPT) TENSION (MB) DEPTH (CM)

2 s.e. 1 2 s.e. 2 s.e. X 2 s.e.

Semlsubmergent halophyte 29 0.9 18 2.4 0 0.0 +11 2.1
Emergent halophyte 131 13,5 18 1.5 0 0.1 26 6.5
Transitional grassland-forb 97 13.8 7 1.3 5 4,2 51 11.9
Coastal scrub forest 29 4.2 2 0.4 12 8.0 97 11.3
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emergent halophyte community and the transitional grassländ-forb com-

munity but otherwise shows apparently large differences between communi-

ties. In general, it appears that no one of these variables can clearly

distinguish every community from every other community.

Ecosystems

Primary sampling sites with their associated functional habitat

attributes and plant species distributions are classified using reci-

procal averaging ordination and cluster analysis and are presented

in Figure 15. The ecosystem ordination is presented in Figure 15a

and the ecosystem components ordination is presented in Figure 15b.

Cluster analysis results are presented in Figure 17 to illustrate

inter- and intragroup dissimilarity. Examination of the ecosystem

component ordination (Figure 15b) indicates that habitat attribute

and species relationships have been largely conserved from previous

ordinations but fuse into fewer groups. The results of the ecosystem

components cluster analysis (Figure 16b) show relatively weak cluster

formation with poor correspondence to the site ordination at all dis-

similarity levels. This problem is caused largely by a data matrix

which is becoming increasingly disproportionate for attribute classi-

fication (there are now 17 habitat factors and 37 species but still

only 29 sampling sites), the high degree of correlation between the

many chemical attributes, and the highly discontinuous species distri-

butions.

Results of the site ordination (Figure 15a) show a distinct ar-

rangement into three ecosystem groups which are named for either their
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dominant physical site characteristics, their dominant life forms, or

both: Midlittoral sand flat (Msf), upperlittoräl marsh-grassland (Umg),

and coastal scrub-forest (Csf). Cluster analysis for sampling sites

(Figure 16a) shows that the upperlittoral marsh-grassland (Umg) could

be distinguished as two distinct, symmetrical groups approximately

equivalent to the other ecosystem groups if a lower fusion stopping

point is accepted. This is interpreted once again as the strong in-

fluence of the many, highly correlated chemical attributes imposing

a pattern of symmetry upon the sample sites with respect to high and

low elevations. Patterns observed in previous ordinations of physical

habitat conditions and plant communities, as well as the close position

of the Umg sites in the ecosystem ordination field, suggest that these

Umg sites share important characteristics (significant tidal influence,

fine texture, soil saturation, high organic content, shallow water

table, and common species distributions) which indicate a high degree

of functional interdependence and justify their identification as

a single ecosystem.

Summary

A schematic diagram presenting visually smoothed lines of simple

environmental gradients observed in the Netarts Spit study area by

elevation is presented in Figure 17. The primary impressions which

one gains by examining this figure are (a) tidal factors dominate

the lower elevations of the study area but decrease steadily as one

approaches extreme higher high water (EHHW), (b) fine textured sediment



It (b)

MHHW EHHW
50

50

0
-I00

Cc)

0
100 200 100

4
100

4
Na

Cd) + +4
Max. Kt>>Na >Mg >>Ca

meg i
Range Na4>K>>Mg>Ca

100 200

%dw

ppm

130

20

ilo

200

73

Figure 17. Schematic diagram of simple environmental gradients by ele-
vation in cm (O=mean high water). Lines are drawn by visual
fitting and shown trends, not absolute relationships between
attributes arid elevation. (a) TF is frequency of tidal inun-
dation, TD is duration of tidal inundation, MHHW is mean higher
high water, EHHW is extreme higher high water. (b) IM is in-
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MT is soil moisture tension. (d) CEC is cation exchange cap-
acity. (e) IS is interstitial soil moisture salinity. (f) Pt

is total extractable phosphorus.
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particles occur in high concentrations near the middle elevations (-25

cm to 100 cm above mean high water) of the study area, with the lower

and higher elevations dominated by sand, and (c) hydrologic factors

(water table depth and soil moisture tension) dominate the higher

elevations of the study area but decrease steadily as one approaches

mean high water (0). The remaining factors (interstitial soil moisture

content, cation exchange capacity, specific ion concentrations, inter-

stitial soil moisture salinity, pH, and total phosphorus) may each

be interpreted as variants of one or more of the three primary environ-

mental gradients: tides, sediment texture, and hydrology.

A schematic diagram comparing all site classifications developed

with respect to elevation is presented in Figure 18. The Y-axis of

this figure (group dissimilarity ratio) is calculated as a ratio between

the height of the final cluster analysis fusion within each group

and the height of the 0.45 (total dissimilarity) stopping point.

Comparison of the physical and chemical site type classifications

shows agreement concerning the limits of the wetland system but suggests

that variations in chemical attributes (i.e., nutrient availability)

are greater than variations in physical attributes. The combination

of these attributes into a functional habitat classification results

in site groupings similar to the chemical site types but readjusts

transitional categories to reflect soil moisture gradients.

Plant communities suggest upper and lower limits of the wetland

system that extend in elevation above and below boundaries determined

by a consideration of habitat attributes alone. This may mean that
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functional habitat factors other than those measured in this study

(e.g., species interactions or historical disturbance) are effective

in delimiting plant communities, that the observed functional habitat

factors may be effective in delimiting plant communities but need

to be measured in other terms (e.g., availability with regard to pheno-

logical or physiological events), or that the present analysis depends

upon statistical assumptions which are inadequate to match site attri-

butes to the extreme tolerance limits of plant communities. It is

useful to note that of all five classification approaches, plant com-

munities show the closest fit to elevation (i.e., there is no overlap

of groups at any point).

The ecosystem classification subsumes all other classifications

into three categories: midlittoral sand flat, upperlittoral marsh-

grassland, and coastal scrub-forest. The upper limit of the wetland

suggested by this classification is the same as that suggested by

the plant community classification and both the ecosystem and plant

community classifications provide a more conservative boundary limit

than does a consideration of habitat alone.
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IV. CONCLUSIONS

Results of this study are summarized on pages 72 through 76 and

indicate the strong influence of certain physical and chemical factors

on the distribution of intertidal vascular plants. As far as the data

permit, these factors have been discussed individually and as complex

gradients involving soil texture and ground and surface water hydrology.

These complex gradients are very steep in the narrow, tidal marsh en-

vironment of Netarts Spit and promote a heterogenous habitat of at

least three separate bands or zones within a small area. Each of these

zones is characterized by a distinctive plant community.

This study also demonstrates the use of reciprocal averaging and

cluster analysis to reduce sets of ecological data including plant

species distributions and soil and hydrological factors to a rational

and informative classification of ecosystems. Although this procedure

emphasizes the relationship of community to environment as presented

on pages three and four, it must be pointed out that ecosystem studies

of a primarily descriptive type, however detailed, inevitably create

an unnaturally static and clearcut impression of ecosystem phenomena

by segmenting structure and functions that are inherently continuous

and variable through space and time.
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V. RECOMMENDATIONS

The definition of wetlands proposed by regulations implementing

the Federal Water Pollution Control Act Amendments of 1977 as areas of

functionally saturated soils supporting plant species characteristically

adapted to that habitat condition offers useful and sufficient guidance

for describing wetlands boundaries. These recommendations are offered

as means of applying this definition to the practical problem of estab-

lishing wetland boundaries in the field:

1. Vegetation has been widely accepted by ecologists and resource

managers as a sensitive indicator of functional habitat condftions. In

comparison with functional habitat data, vegetation data is simple

and inexpensive to obtain. It is recomended that routine identifica-

tion 0f wetland boundaries be accomplished by field botanists with

knowledge of regional climatic, hydrologic and floristic variability.

A simple tabular analysis technique (for example, see Mueller-Dombois

and Ellenberg 1974:177-210) may be used to produce a site type classi

fication based upon general vegetation types initially recognized through

variations in the homogeneity or uniformity 0f the vegetation cover

of an area, where these variations are obvious to the eye. Wetland

mapping may then proceed quickly using the site type classification

to interpret patterns visible using aerial photographs (for example,

see Hills 1950).
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If the use of vegetation alone proves unsuitable to develop a

site type classification because vegetation changes are very gradual and

diffuse or when the concordance between vegetation and functional habi-

tat is questioned, it is recommended that a multivariate procedure

using cluster analysis and reciprocal averaging ordination be used

to combine plant species distributions with soil and hydrologic factors

into a site type classification.

The selection of soil and hydrological attributes for inclu-

sion with plant distributions in a multivariate procedure is dependent

to some extent upon individual wetland site characteristics but in

general, it is recommended that soil texture, soil moisture tension

and water table depth be included as a minimum. For intertidal wetlands

some tidal factor or index is also required.

Accurate estimation of soil moisture tension and water table

regimes requires sampling at more than one time interval. Sampling

repetition may be minimized if an annual yearly moisture balance is

constructed for the area (for example, see Buol et al. 1973:128-132)

as a guide for selecting sample times when these variables may be at

their extremes. Climatological data summaries published by the NOAA

Environmental Data Service are useful for this purpose if direct ob-

servational data are lacking.

Structurally and functionally, wetland transition zones be-

tween aquatic and terrestrial habitats are most closely related to

the aquatic environment. It is recommended that wetland boundaries

be delimited such that the entire transition zone is included as part

of the wetland.
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Wetlands of all types are now recognized as valuable but easily

disturbed components of the aquatic environment (Clark 1974, Darnell

1976, Good etal. 1978, Warren 1979). Primary ecosystem functions

served by these areas include moderation of hydraulic regimes, erosion

control through sediment retention and absorption of storm wave impact,

water purification, nutrient recycling, and provision of habitat for

fish and wildlife. In addition to their aesthetic value, wetlands

serve non-destructive cultural uses through recreation, education and

research. In order to reverse historic trends of degradation' and insure

that society will continue to receive the benefits of natural ecosystem

functioning outlined above, the goaTs of wetland management should

include the elimination of unnecessarily destructive cultural activities

not only inside a specifiable wetland boundary but also throughout the

broader ground and surface water system.
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