
AN ABSTRACT OF THE THESIS OF

Gary C. Canton for the degree of Master of Science in

Forest Science presented on May 31, 1988

Title: The Structure and Dynamics of Red Alder Communities

in the Central Coast Range of Western Oregon.

Abstract approved:
David E. Hibbs

Red alder (Alnus rubra Bong.) is a fast-growing

pioneer species that colonizes disturbed forest sites west

of the Cascade Mountains in the Pacific Northwest.

Streambottoms, toe slopes, and mass movement of surface

soils have historically provided the scarification and

soil moisture necessary for successful regeneration of red

alder. During the past century, however, extensive

logging activity has greatly increased the availability of

suitable conditions for alder establishment. The species

has responded by expanding upslope throughout its range,

displacing native conifers over large areas.

As a relatively short-lived pioneer species, red

alder would be expected, by conventional succession

theory, to relinquish sites to longer-lived conifers such

as Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco).

However, studies conducted on sites dominated by red alder



have found very little tree regeneration, suggesting that

shrub species such as salinonberry (Rubus spectabilis

- Pursh) or vine maple (Acer circinatuin Pursh) may dominate

sites after senescence of red alder.

In this study, I examined both the understory and

overstory components of 44 stands dominated by red alder

in the Alsea River drainage of the Oregon Coast Range.

Stands ranged in age from 7 to 87 years, the entire span

of age classes found within the study area. Using a

chronosequence approach, I inferred patterns of stand

development and of change in the understory vegetation

throughout the lifetime of the canopy dominants. I also

evaluated a variety of tree and stand characteristics to

relate stand structure and development to site factors and

disturbance history. I then employed multivariate

procedures to classify and ordinate understory vegetation,

culminating in a description of five community-types.

Four of the community-types were further differentiated

into two variants associated with site factors.

Disturbance was found to be important for successful

colonization of sites by red alder, but the type of

disturbance was not strongly related to structure or

productivity of red alder stands. Logging and fire were

the most common types of disturbance opening up sites for

colonization by red alder. Evidence of logging and fire



were observed on 30 and 19 plots, respectively.

Landslides and unstable soils were evident on 16 sites.

Site conditions such as physiographic position,

elevation, and slope were more important determinants of

alder stand structure than disturbance agents. Toe slopes

had the highest site index values, but stands in midsiope

positions tended to attain greatest basal area and highest

relative density index. Dominance and suppression were

exhibited in diameter distribution patterns that expanded

and became multimodal as the canopy matured. Self-

thinning consistently removed the smallest individuals in

young stands, but mortality in larger size classes

gradually became important in older stands.

Five understory communities are described in this

thesis. Swordfern was dominant under most young stands of

red alder, with occasional appearance of shrubs normally

found on open, disturbed sites. Middle-aged alder stands

supported one of three community-types: a mixture of

swordfern and several shrub species, a community dominated

strongly by swordfern and salmonberry, or a community

characterized by dense thickets of salmonberry. Under

many stands of senescing red alder, particularly those at

high elevation, vine maple was the single dominant, but

salmonberry was well represented in old stands at low

elevation. Abundance of many non-woody species was found

to fluctuate during the growing season. However, certain



key species were identified that maintained relatively

constant cover during the summer, and these species were

used as the characteristic species for classification of

communities.

Very little tree regeneration was observed under

intact red alder canopies or under the discontinuous

canopies of senescing alder. In older stands, abundant

understory vegetation apparently inhibited tree

regeneration through competition for light and other

resources and through the direct physical effects of

litter deposits on the forest floor. On most sites,

succession to communities dominated by salmonberry or vine

maple appeared likely, although scattered saplings of

western hemlock and western redcedar might eventually form

a discontinuous canopy on some sites.
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The Structure and Dynamics of Red Alder Communities

in the Central Coast Range of Western Oregon

Chapter 1

INTRODUCTION

Red alder (Alnus rubra Bong.) is an aggressive

colonizer of disturbed sites west of the Cascade Mountains

in the Pacific Northwest. Because of its rapid juvenile

height growth, red alder outcompetes Douglas-fir

(Pseudotsuqa menziesjj (Mirb..) Franco) and has contributed

to regeneration failure on many plantations (Newton et al.

1968, Miller and Murray 1968). Not surprisingly,

foresters have traditionally viewed red alder as a weed,

and research efforts have focused on developing effective

methods to control red alder regeneration (Newton 1978).

Recently, however, attitudes have begun to change.

With increased interest in local hardwoods for furniture,

fiber, and fuelwood, fast-growing trees like red alder are

attracting attention (DeBell et al. 1978, Tarrant et al.

1983). Red alder has additional potential as a nitrogen

fixing agent that may increase biomass productivity of

mixed stands (Miller and Murray 1978, Binkley 1983) and

enhance site nutrient availability for subsequent stands

(Luken and Fonda 1983). Furthermore, red alder is immune



to infection by Phellinus weirii, a root-rot fungus of

Douglas-fir (Wallis 1968), and alder imposes a physical

barrier to spread of this virulent pathogen through mixed

stands (Li et al. 1968, Nelson et al. 1978).

Biology of Red Alder

Red alder is a precocious species that begins

producing abundant quantities of wind-dispersed seed at

about age 10 (Kenady 1978). Predation by rodents and soil

invertebrates substantially reduces the seed pool, and

germination is inhibited by low light levels under an

intact tree canopy. Seedlings that successfully germinate

in the understory suffer mortality from herbivory and

disease in the spring, succumb to moisture stress in the

summer, or are buried by leaf litter in the fall

(Haeussler 1988). Seedlings on recently disturbed sites

face the rigors of temperature extremes and droughty

conditions, but many survive on patches of bare mineral

soil (Kenady 1978).

Established red alder seedlings require trace

elements such as cobalt for vigorous growth (Russell et

al. 1968), and productivity may be limited on some sites

by phosphorus and calcium deficiencies (DeBell et al.

1983a). Generally, however, red alder stands develop to

maturity with few problems if adequate light and soil
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moisture are available. After age 40, Hypoxylon fuscum

becomes common on some sites, causing a white heart rot in

dead and dying trees (Rogers 1968). Fomes iqniarius is

also prevalent in mature stands, producing heart rot in

living trees (Hepting 1971).

The most productive red alder stands are thought to

develop on deep, well-drained alluvial soils with high

moisture content (Williamson 1968). Red alder is believed

to tolerate restricted drainage better than Douglas-fir,

whereas Douglas-fir is considered the superior competitor

on drier sites (Kenady 1978, DeBell et al. 1983a).

Although red alder has historically been confined

primarily to valley bottoms and toe slopes, widespread

human-caused disturbance in recent decades has promoted

expansion of the species, and alder now occupies 12

percent of the prime forest land in Oregon (Gedney et al.

1986a,b, 1987). The recent expansion of red alder brings

into question traditional wisdom regarding site

preference. Perhaps the historical restriction to

streambottoms and other moist sites was primarily enforced

by lack of suitable disturbed sites for regeneration on

upper slopes. Once successfully established, red alder

appears to grow vigorously on a wide variety of sites,

suggesting that germination and establishment may be the

critical life stages formerly limiting its distribution.

Red alder ecosystems accumulate aboveground biomass
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faster than most temperate forest communities, with

maximum annual productivity of approximately 240 metric

tons per hectare occurring between ages 10 and 15

(Zavitkovski and Stevens 1972). Litter production is also

extremely high. In 50 years, cumulative litterfall may

reach 300 metric tons per hectare, most of which is

rapidly decomposed and incorporated into the mineral soil

(Zavitkovski and Newton 1971).

Numerous soil properties are influenced by red alder.

Nitrogen fixation rates ranging from 35 to 320 kg per

hectare per year have been reported (Luken and Fonda

1983), and admixtures of red alder have been shown to

increase yield of Douglas-fir on nitrogen-deficient sites

in addition to providing substantial alder volume (Miller

and Murray 1978, Binkley 1983). On good Douglas-fir

sites, though, alder reduces yield of Douglas-fir

(Berntsen 1961, Binkley 1984). Heavy alder litterfall

contributes to the development of a substantial soil

organic layer (Tarrant and Miller 1963, Zavitkovski and

Newton 1971), which helps to reduce bulk density (Bormann

and DeBell 1981). However, red alder may also lower soil

pH and reduce the pool of exchangeable calcium and

magnesium (Franklin et al. 1968, DeBell et al. 1983b, Van

Miegroet and Cole 1984). The effects of acidity and low

base status on associated vegetation are poorly

understood.



Dynamics of Natural Red Alder Communities

Franklin and Pechanic (1968), studying three 40-year-

old stands near the Oregon coast, found vegetation under

pure alder and mixed alder/conifer stands better developed

and more diverse than under pure conifer stands, probably

because more light passes through the open and seasonally

leafless alder canopy. Increased availability of nitrogen

may also have been a factor. Under canopies of pure

alder, salmonberry (Rubus spectabilis) and red elderberry

(Sainbucus melanocarpa) dominated the understory, but the

investigators felt that scattered suppressed Sitka spruce

(Picea sitchensis) saplings the same age as the alder

overstory might be released as the alder canopy

deteriorated to create an understocked spruce stand. In

the mixed stand, Douglas-fir would apparently become the

canopy dominant with Sitka spruce and possibly western

redcedar (Thuja plicata) growing up beneath the canopy

(Franklin and Dyrness 1973).

Newton et al. (1968) noted that tree regeneration was

not occurring under red alder in the Oregon Coast Range,

and they speculated that the most common successors to

pure red alder stands are salmonberry, vine maple (Acer

circinatum), and hazel (Corylus cornuta), resulting in a

stable shrub-dominated community that excludes Douglas-

fir. Their 39 sample plots, however, were taken within

5
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stands no older than 25 years. Henderson (1970) also

found virtually no tree regeneration in a study of 2- to

64-year-old bottomland alder stands in the Alsea River

drainage.

Although several investigators have noted an apparent

relationship between understory vegetation and paucity of

tree regeneration, red alder understory communities have

not been systematically studied. Henderson (1970)

identified shifts in the understory dominants, from herbs

to salmonberry and swordfern, with increasing age of the

alder overstory in bottomland stands. In the course of

developing a model to predict site productivity for red

alder, Harrington (1986) recorded understory cover in 40

natural red alder stands in western Washington and

northwest Oregon. Ranging in age from 25 to 50 years, the

stands were dominated by salinonberry and swordfern with

relatively little vine maple and hazel. The Henderson

and Harrington studies included fairly detailed

descriptions of understory vegetation. However, plant

communities were not classified and dynamic patterns of

vegetative change were not investigated at the species

level.

Although site characteristics are believed to

influence both establishment and growth of red alder,

little is known of their effects on the development of

stand structure after alder has become established on a
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site. Similarly, inhibitory effects of understory

vegetation on tree regeneration and thus on long-term

succession patterns are postulated, but no detailed study

of these effects has been conducted. In general,

competitive interactions in a community between mature

individuals of subordinate life forms and juveniles of

dominant life forms often inhibit regeneration of

dominants, with important long-term consequences. This

phenomenon, called the recruitment bottleneck, is well

documented in both plants and animals, but the

ramifications have not been thoroughly explored (Werner

and Gilliam 1984).

Plant Succession

Perhaps no other concept in plant ecology has

generated as much controversy as the notion of succession.

Although European antecedents date from the 17th century

(Clements 1916), modern succession theory was first

elaborated by Cowles (1899) and Clements (1904).

Subsequently, succession theory has been expanded,

revised, and disputed by ecologists throughout the 20th

century. Whittaker (1953) and McIntosh (1981) summarize

the colorful history of plant succession theory.

Most current models of forest succession were derived

from studies of temperate deciduous forests (Marks 1974,
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Forcier 1975, Bormann and Likens l979a,b, Runkle 1979,

Peet 1981, Hibbs 1983) or old fields in the eastern United

States (Booth 1941, Raup and Carison 1941, Keever 1950,

Pickett 1976). Egler (1954) proposed two general models

of old field succession. His relay floristics model (RF)

posits sequential invasion by species that each modify the

site to produce conditions more favorable for invasion of

later species. In contrast, the initial floristic

composition (IFC) model assumes propagules of all

successional stages are present at the site immediately

after disturbance and ascribes temporal change in species

composition to differences in growth rate and other

physiological attributes (Egler 1954). Connell and

Slatyer (1977) expanded upon Egler's construct to produce

three new models. Their facilitation model is equivalent

to Egler's RF model; their tolerance model attributes the

appearance and disappearance of dominant species over time

to different life history characteristics; and their

inhibition model proposes that late successional species

are only able to become established when colonizers die,

and late successional species achieve eventual dominance

merely as a consequence of longer life span (Connell and

Slatyer 1977).

In recent years, the role of disturbance as a driving

force in plant succession has been emphasized (White 1979,

Pickett and White 1985). Disturbance is necessary to free
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resources and space for occupancy by colonizing species.

Frequent disturbance, however, may truncate succession at

early seral stages or initiate alternative succession

pathways (Noble and Slatyer 1980). Many ecologists now

believe that most community-level processes derive from

interactions between disturbance events and life history

features of species on and near a site (Gleason 1927,

1939, Grime 1979, Bazzaz 1983). The Connell and Slatyer

models are viewed as simplifications with limited

explanatory power because they combine, without explicitly

identifying, numerous mechanisms important in controlling

successional change (Pickett et al. 1987, Walker and

Chapin 1987).

Although the population-level approach to community

dynamics has become popular in recent decades, a number of

ecologists continue to focus on integrated properties of

intact ecosystems. Ecosystem ecologists consider primary

productivity, cycling of water and nutrients, and energy

flow the most important community parameters (Odum 1960,

Grier and Logan 1977, Likens et al. 1977, Waring and

Schlesinger 1985). The two ecology subdisciplines are not

necessarily incompatible, however, and the need for

synthesis is recognized (McIntosh 1981). A study of

Ceanothus megacarpus chaparral illustrates the value of

combining the population-level and ecosystem approaches

(Schlesinger et al. 1982).



Methods of Studyinq Succession

Ecologists have applied four general methods to study

succession. If permanent plots are available, repeated

measures are possible over time. These provide excellent

data but require protection from disturbance and long-term

commitment of resources (see Dyrness 1973 and Halpern 1987

as examples). A second method utilizes historical

records, particularly climatic records and surveyors'

notes, to interpret data extracted from intensive

investigation of living and dead material on single sites

(Henry and Swan 1974, Oliver and Stephens 1977). A third

method employs population level data to derive patterns

over time (Whipple and Dix 1979, Cattelino et al. 1979).

The most commonly used method, however, has been to study

different sites with dominant vegetation at various stages

of development (Aber 1979, Zavitkovski and Stevens 1972,

Christensen and Peet 1984). This approach, based on a

chronosequence of stands, relies on the assumption that

the different sites are equivalent except for age of the

vegetation (Oliver 1982). Local variation in climate,

soils, and disturbance patterns and changes in regional

climate over time may confound simple interpretation of

vegetation patterns. Even with such limitations, however,

the chronosequence method has proven effective when

applied carefully (Crocker and Major 1955, Olson 1958).

10



Objectives of the Thesis

In this thesis, I examine changes occurring in both

the overstory and the understory of natural communities

dominated by red alder. Dynamic patterns of structural

development in the overstory and patterns of compositional

change in the understory are inferred from a

chronosequence of 44 stands dominated by red alder.

Relationships among vegetation, physical environment, and

disturbance regimes are explored, and interactions between

overstory and understory vegetation are examined.

The thesis is composed of four chapters. Chapter 2

provides a detailed look at red alder stand structure and

examines how site factors and disturbance history have

influenced the development of alder canopies. Tree and

stand characteristics commonly measured by foresters are

used to describe productivity, density, mortality, and

size distribution patterns in natural stands of red alder.

Theoretical considerations such as self-thinning,

dominance expression, and size hierarchies are discussed

in the context of observed patterns. The chapter closes

with a summary of the role played by various biotic and

abiotic factors in the development of natural red alder

stands.

Chapter 3 examines understory vegetation, using a

combination of multivariate classification and ordination

11
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procedures to describe species associations as well as

relationships between plants and environmental factors.

Five understory communities incorporating a total of nine

recognizable variants are described. Patterns of change

in understory physiognomy and species dominance are

assessed. I conclude with a discussion of tree

regeneration under red alder and the apparent recruitment

bottleneck for dominant species on these sites.

Chapter 4 summarizes the thesis by tying together

the overstory and understory results. I return to several

topics of theoretical interest that were introduced in

earlier chapters and describe how results from this study

relate to ecological theory. I close with a suggestion

that the understory community is intimately involved in

red alder forest dynamics.



Chapter 2

STRUCTURE AND DEVELOPMENT OF NATURAL RED ALDER STANDS

IN WESTERN OREGON

Gary C. Canton

Department of Forest Science

Oregon State University

Corvallis, Oregon 97331, USA

ABSTRACT

Red alder has recently expanded from streambottoms

onto upsiope sites formerly dominated by conifers.

Increased frequency of disturbance resulting from timber

harvesting appears to have played a role in the expansion

of alder. Disturbances that create a bare mineral soil

seedbed are known to be important for regeneration of red

alder. In this study, I examined the role of disturbance

and of abiotic site factors in development of structure in

natural red alder stands in the Oregon Coast Range.

Disturbance was essential for establishment of red

alder within the study area, and timber harvesting during

the past century accounted for presence of red alder on

many sites formerly dominated by conifers. Once red alder

13
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had become estabished on a site, however, disturbance and

vegetation history appeared to have little influence on

subsequent stand development. Site factors were more

important, with dominant stand height greatest in

streainbottoms but basal area greatest on relatively steep

midsiope sites.

Diameter distribution patterns exhibited trends

related to self-thinning. Mortality in young stands was

restricted to smallest diameter classes, whereas larger

trees became more susceptible to mortality in mature

stands approaching senescence. Size distribution patterns

developed early, suggesting that differential potential at

the time of stand establishment was more important than

later stochastic events in determining growth rates. As

stands matured, the range of diameter classes increased,

indicating that dominance and suppression are important

phenomena in the development of stand structure.



INTRODUCTION

Red alder (Alnus rubra Bong.) is a pioneer tree

species that invades forest sites west of the Cascade

Mountains after relatively intense, large-scale

disturbance events (Franklin and Dyrness 1973). To

establish successfully, red alder seedlings require bare,

moist mineral soil with some degree of protection from

dessication and temperature extremes (Newton et al. 1968,

Kenady 1978, Haeussler 1988). Douglas-fir (Pseudotsuqa

menziesii (Mirbel) Franco) seedlings are better adapted to

the seasonally dry conditions on south and west aspects,

upper slopes, and along ridges, Consequently, red alder

has historically been confined primarily to toe slopes,

draws, and floodplains. With the increase in human

activities during the past century, however, red alder has

expanded to cover approximately 12 percent of the prime

forest land in western Oregon (Gedney et al. 1986a,b,

1987). Red alder now competes vigorously with Douglas-fir

in plantations at all elevations in the Oregon Coast

Range, contributing to regeneration failure on many sites.

Because of historical distribution patterns,

foresters have long assumed that red alder achieves best

growth on moist, well-drained streambottom sites or along

north- and east-facing toe slopes (Fowells 1965,

Williamson 1968). Recent expansion of alder, however,

15
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suggests that the apparent affinity for lower slopes was

due primarily to lack of scarified uplope sites suitable

for germination and establishment. If disturbed sites are

available at higher elevation and on upper slopes, red

alder is apparently able to establish successfully and

grow to maturity. Because alder has characteristically

dominated sites in streambottoms and on toe slopes,

previous investigations of red alder communities have been

restricted primarily to low elevation sites. As a

consequence, the development and structure of red alder

stands on upslope sites is poorly understood. The purpose

of this study, then, is to examine the growth and

structural development of established red alder stands on

a variety of sites and to relate stand characteristics to

site factors and disturbance history.

Stand Development and Productivity

After successful establishment on a disturbed site, a

pioneer tree species such as red alder grows rapidly.

Then, as roots and crowns begin competing directly for

resources, genetic variation among individuals and

inequities in resource availability lead to differential

growth rates among competing individuals (Harper 1977,

Kirkpatrick 1984, Perry 1985). A dominance hierarchy is

established and an even-aged forest stand differentiates
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by stem diameter and often forms crown classes (Assmann

1970, Daniel et al. 1979). Eventually, suppressed trees

begin to die in a process of density-dependent mortality,

thereby releasing growing space and resources for the

remaining trees (Perry 1985). Dominance is expressed more

rapidly and mortality occurs earlier on good sites than on

poor sites and when dense stands are established after a

disturbance (Assmann 1970).

Foresters use several measures of stand productivity

to provide insight into even-aged development patterns

(Larson 1982). For most species, height growth is

relatively independent of stand density; height is

therefore used as the basis for crown classification and

as an index of site quality (Vincent 1961, Hagglund 1981).

Diameter growth, on the other hand, is generally dependent

on stand density and is poorly correlated with height

(Assmann 1970, Daniel et al. 1979). Because height and

stem diameter growth are sensitive to different

combinations of factors, the relationship between diameter

and height provides an index of the developmental history

of the stand (Briegleb 1952, Larson 1982, 1986).



Stand Density

Stand density is intimately related to growth and

- yield, and careful control of density allows foresters to

accomplish specific management objectives (Smith 1962).

Reineke (1933) recognized a relationship between stand

density and quadratic mean diameter and devised the stand

density index (SDI) to help foresters control growing

stock levels. Later, working with herbaceous vegetation,

Yoda et al. (1963) formulated the negative 3/2 power law

of self thinning, which has subsequently been the focus of

much investigation and enthusiastic debate regarding its

generality (Drew and Flewelling 1979, White 1981, Long and

Smith 1984, Westoby 1984, Zeide 1987, Weller 1987). As a

practical tool for managing forest stands, the stand

density index has the advantage of being easy to use (Long

1985), and it may also be preferable to the negative 3/2

power law on theoretical grounds (Zeide 1987).

A simple application of the SDI is to estimate the

maximum density achieved by the species of interest and

express density of other stands as a percentage of the

maximum (Long 1985). For most species on most sites, full

occupancy of the site is achieved at approximately 35

percent of maximum SDI, and self-thinning begins to occur

at 60 percent of maximum SDI (Long 1985).

18



Size Distribution Patterns

In addition to a quantitative assessment of density,

plant populations can be characterized by the manner in

which individuals are distributed among different size

classes (Harper 1977, Perry 1985). As even-aged

populations develop, different individuals grow at

different rates, depending on genetic potential, resource

availability, and a multitude of biological interactions

(Kirkpatrick 1984, Wailer 1985, Weiner 1985). With

increasing competition for resources, smaller individuals

become susceptible to mortality (Werner 1975, Gross 1981).

Differential growth rates and unequal likelihood of

mortality among size classes lead ultimately to

predictable changes in size distribution patterns (Ford

1975, Mohier et al. 1978). Resultant size hierarchies

have important ecological and evolutionary implications in

all plant populations (Weiner and Solbrig 1984).

Emerging seedlings exhibit a normal size distribution

curve. Rapid growth of a few individuals, however,

produces a positive skew, and the distribution eventually

approaches a negative exponential curve (Silvertown 1987).

Density-dependent mortality then reduces the number of

small individuals, and the distribution again approximates

a normal curve (Perry 1985). In mature stands, larger

individuals become increasingly susceptible to disease,

19
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insect attack, and other exogenous disturbances, and

mortality may occur more randomly with respect to size.

However, mortality patterns in mature stands of forest

trees have seldom been studied.

Objectives and Methodoloqy

The general objective of this study was to

characterize the structural development of 44 natural red

alder stands ranging in age from 7 to 87 years and

occupying a variety of sites in the central Oregon Coast

Range. I measured physiographic features of each site

that were thought to relate most strongly to development

of stand structure and searched for evidence of the

disturbance that opened each site for colonization. I

also investigated the vegetative history of each site, as

evidenced by stumps remaining from previous stands, and I

measured several tree parameters to characterize both the

living and dead components of the present stand.

Relationships between physiographic features,

disturbance regime, site history, and present stand

structure were then analyzed to answer the following

questions:

1. How do site factors relate to productivity, as

estimated by site index and basal area?
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What do height-to-diameter ratios of dominant trees

reveal about past development patterns of red alder

stands?

What are the effects of site factors and disturbance

history on stand density, quantified as relative

density index, and on diameter distribution and

mortality patterns?

What do size hierarchies in natural alder stands

suggest about intraspecific competition in red alder?

In a companion paper, I describe understory

communities and consider the consequences of overstory-

understory interactions on stand dynamics.



STUDY AREA

The Oregon Coast Range consists of uplifted marine

sedimentary and volcanic rock. Most of the study area is

underlain by sedimentary rock, but weathered gravels and

recent alluvium characterize the eastern edge and occur on

the plains of the major streams throughout the area

(Baldwin 1964).

Soils vary greatly over the study area (Corliss

1973). In areas with Steep slopes and continual erosion,

shallow Bohannon soils have developed. Most of these

soils are well-drained gravelly barns and are fairly

productive. Slickrock soils, occurring on the gentler

slopes, are well-drained gravelly loam to gravelly clay

loams and are the most productive soils in the study area

(Baldwin 1964). Knappa and Nehalem alluvial soils are

well-drained silt loam to silty clay loam. These fairly

fertile soils support many bottomland red alder stands.

The climate is maritime with approximately 2500 to

3000 mm/yr precipitation and moderate temperatures. About

50 percent of the precipitation occurs during December,

January, and February and only 8 percent falls from June

through September (Worthington 1979). At low elevations,

temperatures drop below freezing only 30 to 35 days per

year, and suitmer months are consistently frost free.

Prevailing winds are generally from the north to northwest

22
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in the summer and from the south to southwest in winter.

The study area lies within the Tsuqa heterophylla

vegetation zone, which includes six climax associations

defined along a moisture gradient (Franklin and Dyrness

1973). Seral red alder stands occur primarily in the two

wettest of these associations: Tsuqa heterophylla/

Polystichum munitum and Tsuga heterophylla/Polystichuin

xnunitum/Oxalis oreqana (Franklin and Dyrness 1973).

In a more detailed study of vegetation in the Siuslaw

National Forest, Hemstrom and Logan (1986) described 16

associations within the Western Hemlock Series. The 44

study sites employed in this study represent four of the

16 associations they described.



METHODS

Site Selection

Selection of appropriate sites is critical when using

the chronosequence method to study patterns of stand

development. All inferences are made with the implicit

assumption that stands of different ages followed the same

general developmental course. Unfortunately, sites differ

in terms of climate, physiography, vegetation history, and

many other variables relevant to stand development. To

minimize confounding effects of such variation among

sites, I sampled extensively throughout the study area

and selected sites representing the range of physiographic

factors believed relevant to growth and development of red

alder. Even after these precautions, however, the effects

of disturbance and site factors on stand development were

sometimes obscured by interactions with stand age.

During the spring of 1985, I located more than 80

natural red alder stands in the Alsea River drainage of

the central Oregon Coast Range. From these stands, I

selected 44 that best satisfied chronosequence criteria to

use as study sites (Figure 2.1). All study sites were

dominated by red alder that had regenerated naturally

after disturbance. Sites were selected in stands ranging

in age from 7 to 87 years, representing all age classes

available within the study area. All stands were even-

24



Figure 2.1. Location of study area and 44 study sites in the Al sea River drainage of western Oregon.
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Plot radii were corrected for slope by the formula:

1/2
RS = RC/(cos a)
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aged, as evidenced by stand structure and counts of growth

rings, and study sites had not been severely disturbed

since stand origination. Al]. stands were large enough to

accomodate a sample plot and surrounding buffer zone with

uniform vegetation and site conditions.

Data Collection

At each study site, I located one circular plot near

the center of the stand in an area representative of the

entire stand. In all except the oldest stands, the red

alder canopy was fairly homogeneous with few gaps, and the

precise location of the study plot was not critical.

Plots varied in size from 0.0]. ha in the youngest stands

to 0.10 ha in the oldest stands, based on the mean

diameter of the five trees nearest plot center.

where RS is the radius measured along the slope, RC is the

Mean DBH (cm) Plot Size (ha) No. Plots Live Trees/Plot

< 10.0 0.01 6 34 -172
10.0 - 19.9 0.02 14 23 - 50
20.0 - 29.9 0.04 14 19 - 53
30.0 - 39.9 0.06 5 17 - 49
40.0 - 49.9 0.08 4 16 - 31

> 50.0 0.10 1 9
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desired horizontal, radius, and a is the slope angle in

degrees. Using plots of different sizes reduced the

variability in number of sample trees among stands of

different ages.

Within each plot, breast height diameter (DBH) was

measured on all trees greater than 1.4 m in height.

Depending on plot size, 4 to 10 trees with largest

diameter were selected for height measurement. Total

height of each dominant tree was measured with a Suunto

clinometer from at least two different directions and

recorded to the nearest 0.1 m as the mean of all

measurements. Dominant trees were exclusively red alder

on all plots. Increment cores were taken from all

dominants and from representative individuals of other

species. On plots with a wide range of alder diameters,

increment cores were also taken from the smallest trees.

Cores were later sanded and oiled to facilitate counting

of annual rings under a dissecting microscope. Ages of

red alder and associated tree species were then estimated

according to the recommendations of DeBell et al. (1984).

Trees less than 1.4 m tall within the main plot were
2

sampled using four rectangular subplots, each 7 m in 0.01
2

and 0.02 ha plots and 10 m in larger plots. Species,

basal diameter, total height, and approximate age were

recorded for each sapling and seedling. Age was estimated

from counts of terminal bud scale scars and from annual
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rings when it was possible to extract and read increment

cores. Horizontal spatial pattern of canopy trees was

determined by observing spatial arrangement of trees

within the stand. If more than 75 percent of the canopy

trees occurred in clusters of two or more trees arising as

multiple stems, the distribution was described as clumped

or aggregated. If fewer than 25 percent were growing in

clusters, distribution was described as random/regular.

Intermediate conditions were recorded as mixed.

All standing dead trees taller than 1.4 m were

recorded by species and DBH. In addition, dead trees were

identified by one of three mortality classes, based on

extent of decay and presence of fine branches. Recently

dead trees retaining fine twigs were coded as Class 1;

trees without fine twigs but with most major branches were

coded as Class 2; and trees in more advanced stages of

decay were coded as Class 3. In practice, this rather

arbitrary system proved remarkably easy to apply, and most

dead trees were readily placed in one of the three

classes.

Site characteristics measured or estimated on the

plot included slope, aspect, and physiographic position.

Elevation and distance from the coast were later

determinedl from topographic maps. Each site was also

examined to determine the type of disturbance that

originatedl the existing stand. Evidence of logging
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included stumps, long butts, and choker cables or other

logging paraphernalia. Burned stumps or snags and

charcoal at or near the soil surface provided evidence of

fire, On some sites, landslides, slumps, or debris flows

were obvious, and on several steep sites continual

movement of unconsolidated ravel was apparent. On only

two sites was I unable to identify a specific stand-

originating disturbance, and on some sites more than one

disturbance type was evident.

The number, species, size, and condition of conifer

stumps and snags on and near the plot provided an

indication of the composition of the previous stand on

many sites. Complete absence of conifer remnants was

taken as circumstantial evidence of prior domination of

the site by hardwoods. In some cases, large red alder or

bigleaf maple (Acer macrophyllum Pursh) logs or snags

provided direct evidence of an earlier hardwood component.

The influence of biotic agents on stand development

was noted but not quantified. Only in the eight oldest

stands was there evidence of appreciable root and stem

decay. Herbivory due to insects was occasionally observed,

but it did not seem a dominant force shaping stand

development and structure. Mountain beaver (Aplodontia

rufa Raf.) burrows were in evidence on most plots, but

mountain beaver activity had no obvious effect on

established red alder. Mountain beavers and other small
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rodents, however, may play a significant role in stand

dynamics through seed predation and damage to seedlings as

a result of herbivory and burrow construction (Haeussler

1988 and personal observation).

Data Analysis

Data were analyzed to examine correlations between

site and stand characteristics, to assess the influence of

disturbance type on subsequent stand development, and to

discern patterns of dominance expression, suppression, and

mortality. Dependent variables related to stand

structure included: spatial pattern; stand density index

and relative density index; stand density in terms of

trees per hectare; mortality expressed as the number of

standing dead trees per hectare; quadratic mean DBH; basal

area; dominant height; site index (Worthington et al.

1960); mean height-to-diameter ratio of dominant trees;

proportion of basal area contributed by Douglas-fir,

bigleaf maple, and other conifers and hardwoods; and tree

regeneration (Appendix A).

Stand density index (SDI) was calculated as:

1.6
SDI = TPHA(DBH/25)

where TPHA is the number of trees per hectare and DBH is

the quadratic mean diameter at breast height (1.4 in) (Long
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1985). The maximum SDI attained on any of the 44 study

plots was 1105 (Appendix A). I assumed a maximum SDI of

1125 for red alder stands within the study area and then

calculated relative density indices (RDI) for each of the

44 stands, expressing relative density as a percentage of

the maximum stand density index.

Data Subsets Based on Age. Three data sets were derived

by grouping the 44 study sites into broad age classes

based on the mean age of dominant red alder trees.

Twenty-three stands ranging in age from 27 to 40 years

comprised a subset of middle-aged plots. A slightly more

inclusive subset included 32 plots ranging in age from 18

to 51 years. Finally, the full data set consisted of 44

plots from 7 to 87 years (one plot was deleted from some

analyses because of incomplete data).

Correlation of site factors and stand characteristics.

Correlation analysis was applied to examine the

relationship between stand parameters and four site

characteristics: elevation, slope, aspect, and distance

from the coast. Each site characteristic reflects a

complex of direct environmental factors to which

vegetation responds. Aspect, for example, relates closely

to insolation patterns, temperature regimes, and, to some

degree, soil moisture levels. An arc-cosine

transformation was applied to azimuth readings to yield
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values ranging from 0.0 on southwest slopes through 1.0 on

northwest and southeast slopes to 2.0 on northeast slopes

(Beers et al. 1966). Slope influences surface soil

stability, soil moisture relations, and, in combination

with aspect, insolation and temperature regimes. Distance

from the Coast provides an index of precipitation and

evaporation rates during the summer months (Worthington

1979). Elevation relates to many environmental factors

and has been found to correlate with the occurrence and

productivity of red alder stands (Worthington et al. 1962,

Harrington 1986).

Relationship of disturbance type to stand parameters.

Logging, fire, slides and debris flows, and unstable ravel

soils were identified as disturbance agents that led to

establishment of red alder on the study sites. Each was

coded as present or absent and then evaluated as a natural

'treatment' applied to the site. Contrasts of means were

employed to statistically examine relationships between

stand variables and various combinations of disturbance

types (Chew 1976, Petersen 1985). Using SAS (SAS

Institute 1985), five contrasts were derived to address

the following questions:

1. Do multiple disturbances affect subsequent stand

development differently than single disturbances?
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Is there a difference in stand structure on sites

that were logged (with or without other disturbance)

as opposed to those that were not logged?

Is there a difference in stand structure between

sites that were burned (with or without other

disturbance) and those that were not burned?

Is there a difference in stand structure between

stands that originated on slides, debris flows, or

ravelly soils (with or without logging or fire) and

those that developed on sites with stable soils?

Is there a difference in stand structure on sites

disturbed by humans as opposed to sites disturbed by

natural agents?

Contrasts 2, 3, and 4 are mutually orthogonal and are thus

statistically independent. The other contrasts are not

statistically independent, but mutual orthogonality is not

required for analysis by contrasts of means. Furthermore,

unequal replication does not affect results of the

analysis (Chew 1976, Petersen 1985). All analyses of

relationships between environmental factors, disturbance

events, and stand characteristics were conducted on the

three sets of data described above.

Development of stand structure over time. Correlation

coefficients between all stand variables and age of the

overstory were examined, and regression analysis was
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employed to describe key relationships. Models with

highest coefficient of determination were selected unless

examination of residuals revealed that the model was

inappropiate or that residuals failed to meet assumptions

of the least squares procedure. Several logarithmic and

reciprocal transformations were considered when fitting

non-linear models.

Diameter distribution and mortality patterns were

also examined on study sites chosen to represent various

stages of stand development. Diameter distributions of

both living and dead trees were graphed, with dead trees

being distinguished by mortality class (see above).

Nearly all trees retaining fine twigs (Class 1) had

apparently died within two years; most trees without fine

twigs but with major branches present (Class 2) had

probably been dead for three to five years; and trees in

more advanced stages of decay (Class 3) were assumed to

have been dead for at least six years. Of course, rate of

decay depends on factors such as stem size, presence of

decomposing organisms, and environmental conditions over

extended time periods. Nevertheless, the use of decay as

a general index of time of mortality provides insight into

developmental processes that generate size hierarchies in

red alder stands.



RESULTS

Plots were initially arranged in a hierarchy of age

class groupings to examine general site and stand

characteristics related to age (Table 2.1). Stands within

each of the age classes, Groups A, B, C, and D, were very

similar in terms of age of the alder overstory as well as

a number of other stand characteristics.

A comparison of site characteristics by age group

reveals several interesting relationships. For example,

youngest and oldest stands were located primarily on

middle to upper slopes fairly close to the Pacific Ocean,

whereas middle-aged stands were more frequently found on

lower slopes or in streambottoms and were farther from the

coast (see Table 2.1, POSN and DIST). Youngest stands

were on gentle terrain, but most senescent stands were on

very steep slopes. Such relationships between age and

site characteristics make interpretation of developmental

trends difficult. Stand attributes such as DBH and

height, and to a lesser degree stem form, are also related

to age. The relative density index (Table 2.1, RDI) is

less dependent on tree age than other stand

characteristics and is therefore useful for analyzing size

hierarchies, mortality patterns, and other trends in stand

development.

Groups E and F represent successively larger
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Table 2.1. Groups of plots based on age of the alder
overstory, with small groups arranged into two larger
groups, E and F, that are representative of middle-aged
alder stands. The mean and range of various site and
stand characteristics within each group are indicated in
the bottom portion of the graph. Variables are: AGE =
age of the overstory alder; DBH = diameter at breast
height; HEIGHT = mean height of dominant trees in the
stand; ELEV = elevation above sea level; POSN =
physiographic position, ranging from 0 on ridgetops to 5
in streambottoms; ASPECT = arc-cosine transformation of
aspect, with northeast coded as 2.0 and southwest coded as
0.0; SLOPE = percent slope; and DIST = distance from the
Pacific Ocean coastline.

GROUP DBH
(cm)

HEIGHT
(in)

ELEV
(m)

POSN
(0-5)

ASPECT SLOPE
(arc-cos) (%)

DIST
(kin)

A 4.3 10.08 220 1.5 0.87 19.2 16.4
(3-7) (7.3-13.7) (30-340) (0-4) (0.0-1.4) (0-53) (14-19)

B 12.8 18.01 308 3.4 1.05 39.6 41.7
(6-17) (11.5-21.4) (180-400) (2-5) (0.0-2.0) (5-74) (31-45)

C 20.6 24.11 201 3.3 1.28 37.5 29.8
(16-26) (19.9-27.3) (90-340) (1-5) (0.2-2.0) (0-78) (16-43)

D 44.3 26.73 338 1.7 1.27 52.6 18.3
(39-56) (25.0-28.8) (270-350) (1-3) (0.2-2.0)(25-92) (14-26)

E 21.]. 24.37 177 3.4 1.32 35.5 29.3
(15-28) (19.9-27.6) (30-340) (1-5) (0.0-2.0) (0-78) (16-45)

F 19.8 23.22 210 3.4 1.25 35.8 32.0
(6-31) (11.5-28.9) (30-400) (1-5) (0.0-2.0) (0-78) (16-45)

G 22.3 22.57 232 3.0 1.21 37.0 28.3
(3-56) (7.3-28.9) (30-400) (0-5) (0.0-2.0) (0-92) (14-45)

GROUP I F 1

AGE 7-12 18-24 27-28 29-33 34-40 50-51 75-87

NO. PLOTS 4 7 3 14 6 2 8
I J L I

GROUP A B C D

E
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collections of middle-aged alder stands that include Group

C as well as additional plots. Hereafter, results are

reported from Groups E and F, comprising 23 and 32 plots,

respectively, and from the full data set, designated Group

G. Groups E and F are both representative of middle-aged

stands, as seen by comparing stand characteristics among

Groups C, E, and F (Table 2.1).

Correlation of Site Factors and Stand Characteristics

There was surprisingly little correlation between the

four physiographic site factors and most stand

characteristics. Correlation among site factors was

generally stronger than correlation between site and stand

variables. In general, correlations among site factors

with the full complement of 44 plots were weaker than

correlations using the subset of plots dominated by

middle-aged alder, probably because of the strong

influence of age on most site and stand characteristics.

Elevation. The oldest stands were found primarily at high

elevation (r = 0.30, p < 0.05, n = 43). After removing

the old stands from consideration, elevation was

positively related to distance from the coast (r = 0.69, p

< 0 .01, n = 32), reflecting the fact that most remaining

high elevation stands were at the east end of the study

area. Fire was more evident at high elevations than at
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lower elevations, and conifer stumps were more abundant at

higher elevation, particularly in the 23 middle-aged

stands comprising Group G (Appendix A). These

relationships were not significant, however.

Bigleaf maple (Acer macrophyllum Pursh.) occurred at

all elevations throughout the study area and was recorded

on nine plots. Distribution of maple was strongly

aggregated on most sites, indicating vegetative origin

from sprouts. The other major hardwood species,

bittercherry (Prunus emargiriata (Dougl.) Walp.), was also

observed in stands at both high and low elevation in the

study area. Although live bittercherry was recorded on

only two plots, dead trees were commonly encountered in

mature and senescent alder stands, suggesting that bitter-

cherry frequently colonizes disturbed sites with alder.

Site index was positively correlated with elevation

in Group E, consisting of the 23 middle-aged stands (r =

0.42, p < 0.05, n = 23). However, this may result, in

part, from the correlation between site index and distance

from the coast (r = 0.45, p < 0.05, n = 23) since distance

from the coast was strongly related to elevation (r =

0.61, p < 0.01, n = 23). Neither basal area nor relative

density index was correlated with elevation.

Physiographic position. Physiographic positions were

coded from 0 on ridges to 5 in bottomlands (Table 2.2).
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Table 2.2. Physiographic position codes and relationship
between physiographic position, stand age, and three stand
variables. Upper value of each pair is the mean and lower
value is the coefficient of variation. POSN =
physiographic position code followed by a description of
the physiographic position; AGE = stand age; BA = basal
area in square meters per ha; RDI = relative density
index; and 5150 = site index, base 50 years.

POSN Position No. Plots AGE
(yrs).

BA
(m"2/ha)

RDI
(%)

S150
(m)

0 Ridgetops 2 9.5 17.58 67.5 26.2
22 18 16 17

1 Upper Slopes 4 71.0 37.38 59.5 24.0
36 17 30 16

2 Mid to Upper 7 49.6 35.30 67.]. 23.4
Slopes 63 48 34 11

3 Steep Mid to 16 36.6 36.78 70.6 29.1
Lower Slopes 50 19 13 10

4 Toe Slopes 11 27.5 31.83 67.0 30.6
27 15 15 1].

5 Bottomlands 4 35.2 35.36 71.2 29.5
35 17 12 5
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Middle-aged stands (Groups C,E, and F) occurred in all
physiographic positions, but young and old stands (Groups
A and D, respectively) were not found on bottoinland sites.
Because trends and patterns in physiographic position are
confounded by relationships to age, results are suggestive
rather than conclusive.

Stands in bottomland sites and on toe slopes had
higher site index than stands on midsiope and upper slope
sites (Table 2.2). Stands on toe slopes, however, had
slightly lower basal area and relative density index than
stands on midslope sites or in bottoiulands. Relative

density index was greatest in bottomlands and on steep
midslope sites. Middle and upper slope sites were more

variable in terms of basal area and relative density index
than other sites (Table 2.2).

Slope. Middle and upper slope positions tended to be very
steep, and steep slopes were frequently ravelly. Not

surprisingly, stand height was substantially reduced on
steep slopes (Figure 2.2), as reflected in the correlation
of site index and slope in 23 middle-aged stands of Group
E (r = -0.49, p < 0.05, n = 23). Maximum site index,

however, occurred on 15 to 30 percent slopes rather than
on flat streainbottoxn sites, and maximum basal area and
relative density index were attained on 40 to 50 percent
slopes (Figure 2.2). To some extent, these results are a
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consequence of slope correction; crowns and stems may be

packed more efficiently into a given unit of horizontal

surface area on steep slopes.

Aspect. Aspect arc-cosine transformation was not strongly

correlated with elevation, physiographic position, or

slope. Twenty-nine of the 32 middle-aged stands in Group

F occurred on sites with slope greater than 5 percent.

Those on north- to east-facing slopes had fewer dead trees

per hectare and less aggregated distribution of live

alders. There was also more evidence of logging on north

and east slopes. None of these differences was

statistically significant, however. Site index, basal

area, and relative density index were also not related to

aspect.

Distance from the Coast. Distance from the coast was

highly correlated with elevation in middle-aged stands of

Group F (r = 0.69, p < 0.01, n = 32). Plots at the

eastern edge of the study area were also younger

(r = -0.36, p < 0.05, n = 43). Therefore, this parameter

was not very useful as an index of precipitation. Several

relationships were interesting, however. First, slides

were more common in the eastern stands than in other

stands, and fires were less common. Also, eastern stands

exhibited very little spatial aggregation. Finally,

eastern stands had greater height-to-diameter ratios
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(r = 0.46, p < 0.01, n = 32), possibly reflecting dense

conditions during early periods of stand development.

- Relationship of Disturbance History to Stand Characteristics

Disturbance history was strongly related to age of

the alder overstory, reflecting the fact that man-caused

disturbance patterns have changed significantly during the

past several decades. Removal of the oldest and youngest

stands eliminated virtually all significant relationships

between disturbance history and stand attributes.

Included below are results from the full data set (Group

G) and from the 32 middle-aged stands of Group F. Stand

characteristics strongly related to age of the alder

overstory are generally not reported.

Single vs multiple disturbance aqents. On 26 of the 44

study sites, only a single type of stand-originating

disturbance was evident. On the other 18 sites more than

one type of disturbance was obvious; 94 percent of these

18 sites had been logged and 78 percent had been burned

(Table 2.3). Stands developing after a single disturbance

tended to have more trees per ha (2880 to 1876), greater

evidence of mortality (1089 versus 192 dead trees per ha),

and a slightly higher relative density index (70.8 versus

63.9). Of the 32 middle-aged stands, 18 originated from a

single disturbance agent and 14 developed after multiple
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Table 2.3. Mean values of stand characteristics in
contrasting combinations of stand-originating
disturbances. Variables are: AGE = age of overstory
alder; DBH = mean diameter at 3.4 m; BA = basal area at
1.4 m; RDI = relative density index (see Methods); and
S150 = site index, base 50 years.

Group G All Plots Group F Middle-aged Plots
n=44 n=32

Contrast (n) AGE DBH [n] AGE DBH BA RDI S150
(yr) (cm) (yr) (cm) (cm2/ha) (%) (m)

* Contrasts significant at p < 0.05.
*

* Contrasts significant at p < 0.10.

Single (26) 37.3 21.9 [18) 29.7 19.1 35.0 72.0 29.1
Multiple (18) 39.4 24.0 [14] 32.4 20.7 35.4 69.6 29.5

Logging (30) 33.3 20.9 [23] 31.0 20.5 35.1 69.6 29.7
No log (14) 48.6 26.7

( 9] 30.8 18.1 35.4 74.3 28.1

Fire (19) 49.8* 29.3* [11] 34.1 22.2 37.8 72.2 29.3
No fire (25) 29.3* 17.8* [21] 29.2 18.5 33.8 70.3 29.3

Slides (16) 28.9* 17.6* [16] 28.9 17.6 33.3 70.6 28.5
Stable (28) 43.5 25.7 [16] 32.9 22.0 37.0 71.3 30.0

Human (21) 34.9 22.0 [14] 31.9 21.7 35.4 68.7 30.1
Natural (14) 48.6 26.7 1 J. 30.8 18.1 35.4 74.3 28.1
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disturbance. In these stands, none of the stand density

measures or other stand parameters were significantly

related to number of disturbance agents (Table 2.3).

Logqing with or without other disturbance vs no loqqinq.

Evidence of logging was observed in 30 of the 44 stands.

Of the other 14 sites, 6 were burned, 7 were on ravelly

soils or slides, and 2 were disturbed by an unknown agent

(Appendix A). Because most of the oldest stands had never

been logged, the mean age of logged stands was appreciably

less than that of unlogged stands (Table 2.3).

Restricting attention to the 32 middle-aged stands,

those originating after logging had fewer live trees per

hectare than those originating after other types of

disturbance (1178 and 2276, respectively), but the

difference was not significant. Similarly, none of the

other stand parameters differed significantly between

logged and unlogged sites (Table 2.3).

Fire with or without other disturbance vs no fire.

Evidence of fire was observed on 19 of 44 plots.

Occurrence of fire was significantly related to age of the

stand, with older plots being burned more commonly than

young plots (Table 2.3). Therefore, significant

relationships between fire and other stand variables such

as DBH primarily reflect the correlation of those

variables with stand age. Even among the 32 middle-aged
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plots, stands developing after fire were somewhat older

than other stands, thus confounding interpretation of fire

as a disturbance agent (Table 2.3).

Slides and ravel soils vs other disturbance types. Young

stands were more frequently found on unconsolidated

surface soils or landslides than old stands, obscuring the

relationship between soil movement and stand

characteristics (Table 2.3). In the 32 middle-aged stands

there was an apparent trend to greater stem density on

unstable soils compared to sites on stable soils (1874 and

1099 stems per ha, respectively). Mean diameter, basal

area, and relative density index values, conversely, were

slightly greater on stable sites. These trends, which

were not statistically significant, were probably related

to the difference in age between sites on stable soils and

those on slides and ravelly soils (Table 2.3).

Human-caused disturbance vs natural disturbance. Results

from this contrast are very similar to previous results

from the contrast of logged and unlogged sites (Table

2.3). Stands developing after human disturbance were

generally less dense, but dominant trees were taller,

larger in diameter, and had slightly more taper than

dominants on naturally disturbed sites (Table 2.3).

However, none of these trends was statistically

significant.



Development of Stand Structure

Age of the canopy trees, indicating time since the

last severe disturbance on the site, was strongly

correlated with several stand parameters, including breast

height diameter, height-to-diameter ratio, and dominant

tree height (Table 2.4). Several of these stand

parameters were also highly inter-correlated.

Diameter was the only stand parameter with a strong

linear relationship to age (Figure 2.3). Mean stand

diameter increased approximately 0.5 cm each year with

relatively little reduction in growth rate as the trees

became older. As shown below, however, individual trees

within a stand followed markedly different patterns of

diameter growth.

Dominant tree height fit a hyperbolic model, with a

continual decline in the growth rate as stands aged

(Figure 2.4). For the first 30 years of stand

development, however, height growth was nearly constant,

with dominant trees growing an average of 0.75 m in height

per year. Between ages 30 and 50, growth rates declined

markedly, and maximum dominant height of approximately

28.5 m was achieved at age 50.

The relationship between height and diameter growth

is concisely illustrated in the height-to-diameter ratio

of the dominant trees (Figure 2.5). The height-to-

47



48

Table 2.4. Correlation coefficients between age and
various stand characteristics and among stand parameters
(n=43). Variables are: DBH = breast height diameter;
HDRATIO = height-to--DBH ratio of the four dominant trees;
HEIGHT = total mean height of dominant trees; TPHA = live
trees per ha; S150 = site index base 50; DIST = distance
from the coast; RDI = relative density index (see text);
ELEV = elevation above sea level. Significance levels for
the correlation coefficients are:
r = .369 for p = 0.05 and r = .449 for p = 0.01.

ELEV
(m)

RDI
(%)

S150
(m)

TPHA HEIGHT HDRATIO
(no./ha) (in) (rn/cm)

DBH
(cm)

AGE .301 -.346 -.499 -.525 .651 -.853 .953

DBH .293 -.386 -.324 -.627 .741 -.911

HDRATIO -.237 .284 .455 .603 -.627

HEIGHT -.005 -.056 .235 -.879

TPHA .066 .004 -.180

S150 -.250 .224

RDI -.283



DBH = 3.613 + 0.502 (Age)

RA2=0.874

Age (Years)

Figure 2.3. Relationship between diameter at breast height (DBH) and stand age
in 43 red alder stands. One plot was omitted because of insufficient data.
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Figure 2.4. Relationship between dominant height and stand age in 43 red alder stands.
One plot was omitted because of insufficient height data.
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Figure 2.5. Relationship between height-to-diameter ratio and stand age in 43 red alder
stands in the Oregon Coast Range. One plot was omitted because of insufficient data.
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diameter ratio decreased exponentially with increasing
stand age, from approximately 120 in young stands to 50 in

senescent old stands. This decrease was probably a

consequence of continued linear diameter growth in old

stands after height growth rates began declining.

However, such inferences depend on the assumption that

sites are similar in macrocliinate and disturbance history.

Disturbance history, in particular, may have varied among

sites, as discussed above.

The loss of dominant trees in some old stands

undoubtedly contributed to the drop in the height-to-

diameter ratio. In the four youngest stands (Table 2.1,

Group A), dominant height was positively correlated with

mean diameter (r = 0.98), In older stands, however, the

relationship changed dramatically. In the 23 stands of

Group E, ranging from 27 to 40 years, the relationship was

weaker (r = 0.59), and in the seven oldest stands (Group

D) dominant height was inversely related to mean diameter

(r = -0.49).

Stand density, expressed as the relative density

index, was not strongly related to stand age (r = -0.35,

n = 43), especially in stands of Group F, ranging from 17

to 5]. years (r = 0.25, n = 32). Also, the relative

density index was not linearly correlated with either the

number of live stems or the number of standing dead stems.

However, there was a striking relationship between
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relative density and mortality (Figure 2.6). A relative

density of approximately 60 percent represented a

threshold: stands with higher RDI were subject to

substantially greater mortality than stands below the

threshold. In fact, eight of ten stands with RDI less

than 60 percent contained 20 or fewer dead trees per

hectare, whereas 31 of 34 stands with RDI of 60 percent or

above had 80 or more dead trees per hectare (Figure 2.6).

Only two stands did not fit the threshold pattern. Each

of these stands was relatively old, with large trees and

unusually low mortality rates (Figure 2.6). Both stands

developed after fire with no evidence of other disturbance

to the site, and they were the two most productive stands

in terms of basal area (Appendix A, stands 17 and 21).

Changing diameter distribution patterns resulted from

both differential growth rates and differential mortality

rates among size classes. The youngest stand, age seven,

contained no evidence of recent mortality. Other young

stands, however, had undergone mortality for several years

(Figure 2.7). Dead trees were almost exclusively in the

smallest diameter classes, and mortality had converted

diameter distributions from reverse-J shaped to truncated

or skewed normal curves. Slightly older stands followed

the same pattern, with mortality occurring most heavily in

stands with high relative density index (Figure 2.8). As

stands matured, distributions became more irregular, often
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Figure 2.6. Relationship between the number of standing dead red alder and relative
density index (RDI) of live red alder in 44 natural alder stands. Two anomalous plots
discussed in the text are denoted with an asterisk.
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Figure 2.7. Disiribution of live and dead trees by stem diameter (DBH) and decay class
in three young red alder stands. See Methods for a discussion of decay classes.
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Figure 2.8. Distribution of live and dead trees by stem diameter (DBH) and decay class
in two young red alder stands. See Methods for a discussion of decay classes.

Plot 41 Age 20 RDI 70

18 21

o
o

Class 1

Live Trees

24 27

56

3 6 9 12 15

Plot 23 Age 21 RDI 58

o
o

Classi
Live Trees

j I



57

with two or more peaks separated by 9 to 12 cm DBH (Figure

2.9). In mature stands, larger trees became increasingly

susceptible to mortality (Figure 2.10). In some mature

stands, mortality appeared to be episodic, with relative

density increasing to high levels between episodes (Figure

2.10). Old, senescent stands were characterized by a

relatively wide range of diameter classes and low

mortality rates, with evidence of past mortality in all

except the largest size classes (Figure 2.11). Relative

density in two of the eight oldest stands was

substantially below 60 percent, indicating that the canopy

was breaking up as trees died from density-independent

causes.
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Figure 2.9. Distribution of live and dead trees by diameter class and decay class
in three middle-aged red alder stands. See Methods fcr an explanation of decay classes.
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class in three mature red alder stands. See Methods for an explanation of
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Figure 2.11. Distribution of live and dead trees by diameter class and decay
class in three senescent red alder stands. See Methods for an explanation of
decay classes.
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DISCUSSION

The Role of Disturbance

Disturbance is essential for initiation of red alder

within the study area. Forty-two of the 44 study sites

exhibited evidence of disturbance of sufficient intensity

to remove all dominant vegetation from the site. Dominant

vegetation had also been removed from the other two sites,

but the specific causal agent was not discernible.

A single intensive disturbance generally resulted in

dense young stands of red alder. Density-dependent

mortality occurred early in the development of these

stands, with dominance and suppression being expressed

relatively strongly. Dominants in these stands also

tended to have less taper than dominants in stands

originating after multiple disturbance, again suggesting

crowded conditions during stand development. Because the

distribution of disturbance types was similar in single-

disturbance and multiple-disturbance stands, the

differences are probably attributable to removal or

destruction of some propagules or to death of seedlings as

a result of the second disturbance.

Logging tended to result in relatively open stands,

perhaps because of patchy exposure of mineral soil for

seedling establishment. Dominant trees on logged sites
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had more taper than those on unlogged sites, reflecting

their growth under relatively open conditions. Due to the

variability among logged sites, however, none of the

differences between logged and unlogged sites was

significant.

Stands developing after fire were also relatively

open, with large trees and delayed onset of mortality.

The occurrence of fire, however, was strongly related to

stand age. Apparently, either fire has become less common

relative to other disturbance agents or sites that burned

earlier in the century have experienced less repeat

disturbance in recent decades than sites disturbed by

other agents. In either case, the effects of fire on

stand structure and development are difficult to assess

because of correlations between fire and stand age.

Stands developing as a result of surface soil

movement tended to be younger than those originating after

logging or fire. This may reflect increased incidence of

soil movement, possibly as a result of changes in land

management practices, or greater success in colonization
of naturally disturbed sites by red alder. However, the

apparent increase in relative importance of soil movement

for alder regeneration may simply result from the decrease

in importance of fire and logging.

Middle-aged stands of red alder developing after

human disturbance were structurally similar to stands
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developing as a result of natural disturbance events.

Although natural disturbances tended to result in denser

stands of smaller trees with less taper, there were no

significant differences in measured characteristics

between stands on human-disturbed and those on naturally

disturbed sites. Apparently, if red alder is able to

establish on a site in sufficient numbers to form a pure

stand, subsequent patterns of growth and development are

little affected by the type of disturbance that opened the

site for colonization.

Site Factors and Stand Development

In conformity with previous results (Newton et al.

1968, Harrington 1986), red alder achieved maximum height

growth on lower slopes and in bottomlands and floodplains.

Interestingly, however, stands on relatively steep

midslope and upper slope sites tended to be denser with

greater basal area than stands of the same age on toe

slopes and in streambottoms. This phenomenon may have

resulted from slope correction because plots on steep

slopes have more surface area and greater soil volume in

the rooting zone. Nevertheless, these results suggest

that historical confinement of red alder to lower slopes

was primarily due to regeneration requirements rather than

effects of site conditions on growth.
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Red alder stands within the study area exhibited

classic self-thinning, with stand density declining from

more than 15,000 stems per hectare in young stands to less

than 300 stems per hectare in senescing stands. There was

no discernible relationship between relative density and

stand age. Most stands were near 60 percent relative

density, a self-thinning threshold level commonly observed

in stands of other species (Drew and Flewelling 1979, Long

1985). only two stands were substantially below the

threshold. Conversely, two old stands were appreciably

above the relative density threshold with no evidence of

recent mortality.

Size Distribution Patterns

Overstory canopies were relatively uniform, with

little variation in total height among trees in a stand.

Diameters varied substantially among individuals within a

stand, however, with a particularly large range of

diameter classes occurring in some mature and overinature

stands. For purposes of analyzing size distribution

patterns, widths of diameter classes were held constant

for all except the youngest stands. This convention

facilitated direct assessment of the role played by

dominance and suppression phenomena during stand

development (see below). Scaling of diameter class widths
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by age or mean size would have resulted in different

patterns (Mohier 1978).

Diameter distribution patterns followed a predictable

trend. Young stands exhibited the reverse-J shaped curve

that results from a preponderance of small trees. By ages

15 to 25, a few trees had expressed dominance and the

smallest size classes had been depleted by mortality. By

ages 25 to 35, two distinct peaks often developed in the

diameter distribution curve. Bimodal size distributions

are generally associated with competition for light,

because such competition is one-sided, with dominants

shading smaller individuals but subordinates having little

effect on the dominants (Ford 1975, Ford and Diggle 1981).

Two basic models have been proposed to account for

the development of size hierarchies in natural plant

populations (Kirkpatrick 1984). One model posits that

differences in genetic growth potential or in inicrosite

conditions relevant to growth lead to assignment at birth

of a unique growth trajectory. In contrast, the second

model assumes that variation in growth rates may occur

during the lifetime of individuals due to stochastic

events that differentially influence members of a

population. These models represent end-points of a

continuum of biological possibilities. In the alder

stands examined during this study, size distribution

patterns develop early and progress in a fairly
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predictable manner through maturity. Therefore,

population size structure appears to result primarily from

differential potential established in young alder stands,

with subsequent events playing a secondary role.

Once differential potential for growth is

established, variation in size among individuals should

increase if large plants are superior competitors and

usurp resources at the expense of small plants (Weiner

1985). Conversely, if other factors are more important

than dominance and suppression phenomena and if

competition acts to reduce growth rates of all individuals

equally, the range of size classes should remain

relatively constant as stands develop.

The most appropriate measure of size hierarchies is a

matter of debate; it has been shown that different indices

yield different results (Weiner and Solbrig 1984).

Perhaps the most straightforward approach to evaluating

the role of competition is to examine the range of size

classes in stands of different ages. In red alder, the

difference between largest and smallest individuals

increases as stands age (Figures 2.7, 2.8, 2.9, and 2.10),

suggesting that dominance and suppression are important

phenomena in the development of stand structure.



Conclusions

Red alder has become established on sites formerly

dominated by conifers as a consequence of increased

availability of suitable seedbeds and, subsequently, of

expanded alder seed sources. Evidence from this study

suggests that the increased frequency of catastrophic

disturbance resulting from timber harvests and associated

activities is at least partially responsible for the

expansion of red alder.

The rapid spread of red alder in recent decades

indicates that the species grows well under a wide variety

of environmental conditions and was historically

restricted by lack of sites suitable for germination.

Disturbance regimes are therefore very important in

determining the distribution of red alder and, indirectly,

in establishing the long-term successional pathway on a

given site (Hemstrom and Logan 1986). However, after pure

stands of red alder have become established, stand

productivity and structure are less influenced by past

disturbance patterns than by site characteristics such as

elevation and physiographic position.

In natural stands of red alder, dominance and

suppression are exhibited in terms of diameter

distribution patterns, Self-thinning occurs in young

stands, with density-dependent mortality consistently
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removing the smallest members of the population. As

stands mature, mortality begins to occur more randomly

with respect to size classes, resulting in bimodal and

irregular size distribution patterns. Such patterns of

stand development lead eventually to senescent stands

characterized by low stand density and a discontinuous and

relatively sparse canopy.



Chapter 3

COMPOSITION AND DYNAMICS OF RED ALDER

UNDERSTORY COMMUNITIES IN WESTERN OREGON

Gary C. Canton

Department of Forest Science

Oregon State University

Corvallis, Oregon 97331, USA

ABSTRACT

Most succession models focus on interactions among

dominant members of natural communities. Although

dominant vegetation exerts a strong influence on dynamics

of plant communities, subordinate vegetation may also play

an important role. For example, rapid growth of herbs and

shrubs after a disturbance frequently inhibits tree

regeneration. Competition between mature understory

plants and tree seedlings also occurs in undisturbed

forests, but the effects of such interactions on forest

dynamics are not well understood.

Virtually no tree regeneration has been observed in

most stands dominated by red alder in the Pacific

Northwest. These findings have led to speculation that
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permanent brushfields rather than conifer-dominated forest

may succeed red alder on many sites (Newton et al. 1968).

However, the understory vegetation in red alder stands has

received relatively little attention, and the roles played

by particular species are not well known.

In this study, I used ordination and classification

procedures to analyze abundance data gathered from the

understory of 44 red alder stands ranging in age from 7 to

87 years. Five general community-types were described

from a synthesis of multivariate results, and four of the

community-types were further subdivided into physiographic

variants.

Classification of communities was based on total

cover of 38 commonly occurring understory species that did

not fluctuate in abundance during the summer and on

qualitative abundance of all 129 species found in the

understory. Community-types and variants were then

related to site factors, to characteristics of the red

alder overstory, and to disturbance history.

Tree regeneration was rare in all understory

community-types, with germinants occurring commonly only

in the youngest alder stands. In middle-aged and

overmature stands of red alder, the few trees in the

understory were suppressed individuals that had apparently

established concurrently with the red alder. Even in the

oldest stands with discontinuous, deteriorating canopies,
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no tree regeneration was found.

Apparently, dense subcanopies of salmonberry, vine

maple, and other shrubs were involved in inhibiting

germination and establishment of trees. Such situations

may represent one stage of the inhibition model proposed

by Connell and Slatyer (1977), although these models do

not explicitly allow for dominance by uriderstory

vegetation. Alternatively, it may be more appropriate to

view the inhibitory effects of subordinate vegetation on

the community dominants as a recruitment bottleneck

(Werner and Gilliam 1984). This phenomenon is known to

occur in many plant and animal communities, but ecologists

have not investigated the possible long-term implications.

In communities dominated by red alder, understory

vegetation plays an important role in community dynamics

through a recruitment bottleneck effect.



INTRODUCTION

Overstory - Understory Interactions

Interactions between trees and other vegetation are

important from the beginning of the successional sequence.

In fact, much of the apparent stochasticity of tree

regeneration patterns after disturbance is probably

attributable to effects of herbs, grasses, and shrubs on

recruitment of trees (Grime and Hunt 1975). Where residual

understory vegetation is dense, the tangle of stems,

leaves, and litter can severely inhibit establishment of

tree seedlings (Grime 1979). Once established, seedlings

must allocate photosynthate to produce woody tissues while

competing against non-woody vegetation that is able to

grow and expand leaf area rapidly (Jarvis and Jarvis

1964). After one or two years, however, herbs are less

competitive because they must begin growth from the ground

surface at the start of each growing season.

Shrubs may also offer severe competition to tree

seedlings because of their ability to spread foliage

laterally to capture light (Grime 1979). In fact, many

shrub species are able to establish after a disturbance in

sufficient density to inhibit regeneration of tree species

that formerly occupied the site (Niering and Egler 1955,

Niering and Goodwin 1974). For example, stable shrubby
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heath communities occupy sites in the Great Smoky

Mountains that could potentially support trees (Whittaker

1956). Speckled alder (Alnus ruqosa) and other species,

after establishing on burned sites, resist invasion by

formerly dominant trees for several decades (Dainman 1971).

In a similar manner, snowbrush (Ceanothus velutinus) is

known to inhibit establishment of conifers in the Pacific

Northwest (Zavitkovski et al. 1969).

If tree seedlings are able to survive and ascend

through the understory vegetation, then competitive roles

are reversed. The trees absorb and reflect much of the

incoming radiation, usurp soil moisture and nutrients,

deposit copious quantities of litter, and alter the

understory environment in many other ways (Ford and

Newbould 1977, Sydes and Grime 1979). This pattern is

succinctly reflected in the commonly observed inverse

relationship between overstory and understory cover

(Henderson 1970, Ford and Newbould 1977). Because both

the density and composition of an early-successional

forest may determine subsequent forest development

patterns, understory vegetation on a disturbed site may

play an important role in long-term forest dynamics.



Natural Red Alder Plant Communities

Franklin and Pechanic (1968), in a study of three 40-

- year old stands near the Oregon coast, found understory

vegetation better developed and more diverse under red

alder than under conifers, probably because of increased

light levels under the open and seasonally leafless alder

canopy. Increased soil nitrogen availability may also

have been a factor. Salmonberry (Rubus spectabilis Pursh)

and red elderberry (Sauthucus racemosa (melanocarpa) L.)

dominated the alder understory, and tree regeneration was

noticeably absent. The investigators felt that scattered

understory Sitka spruce (Picea sitchensis (Bong.) Carr.)

that had established concurrently with the alder might

eventually be released to create an understocked spruce

stand (Franklin and Pechanic 1968). Newton et al. (1968)

also noted the lack of tree regeneration under 39

relatively young red alder stands, and they speculated

that salmonberry, vine maple (Acer circinatum Pursh), and

hazel (Corylus cornuta I4arsh) were the most common

successors to red alder.

In the course of developing a model to predict site

productivity for red alder, Harrington (1986) recorded

vegetative cover in 40 natural red alder stands in western

Washington and northwest Oregon. The understory in these

stands, which ranged in age from 25 to 50 years, was

74



75

characteristically dominated by salmonberry and swordfern
(Polystichuin inunitum (Kaulf.) Presi.) with substantial
dewberry (Rubus ursinus Chani. and Schlecht.) on many

sites. Vine maple and hazel were not well represented in
most stands (Harrington, unpublished data).

Henderson (1970) conducted a study of 15 alder
stands, ranging in age from 2 to 64, on bottomland sites
in the Alsea River drainage of the central Oregon Coast
Range. Alder crown cover on these sites decreased
linearly with age, from 100 percent in the youngest stands
to 60 percent in the oldest stand. Total understory
cover, conversely, increased from less than 25 percent in
the youngest stands to approximately 100 percent in stands
50 years and older (Henderson 1970). Species richness of
the understory was not related to age of the alder.

In stands less than 20 years old, the understory was
primarily herbaceous, being dominated by Mexican betony

(Stachys mexicana Benth.), chickweed (Stellaria media (L.)

Cyrill), velvet-grass (Holcus lanatus L.), western
springbeauty (Montia sibirica (L.) Howell), and foxglove
(Diqitalis purpurea L.) (Henderson 1970). The dominant

shrub was dewberry, and red elderberry and swordfern were
minor components. Middle-aged stands were characterized
by a mixture of shrubs and herbs, with salmonberry,

stinging nettle (Urtica dioica L.), and youth-on-age
(Tolmiea menziesii (Hirsh) T. and G.) dominating. In
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stands over 40 years old, salmonberry and swordfern

dominated, with lesser amounts of red elderberry, lady-

fern (Athyrium filix-femjna (L) Roth.), Mexican betony,

stinging nettle, and youth-on-age. Henderson (1970)

identified three stages in the development of understory

communities: an early grass and herb stage, an

intermediate transition stage, and a later shrub-fern

stage. He did not, however, classify plant communities or

relate understory vegetation to site characteristics.

Henderson (1970) also noted the paucity of conifer

reproduction. Douglas-fir seedlings occurred in four

young stands but in none of the mature stands, and western

hemlock and western redcedar seedlings were restricted to

one stand. Lack of nearby seed source may have accounted

for the scarcity of hemlock and redcedar. Henderson

(1970) remarked on the striking variation in understory

vegetation under a single canopy species, and he

hypothesized that salmonberry would dominate the sites

after red alder had disappeared. Interestingly, however,

he was unable to find large brushfields dominated by

salmonberry.

Plant Succession Models and Mechanisms

Interactions among red alder, Douglas-fir, and shade

tolerant conifers can be viewed in the framework of the
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tolerance and inhibition models of Connell and Slatyer

(1977). Both these models assume that late successional

species as well as pioneer species are capable of

colonizing disturbed sites, which corresponds with

observed patterns in Northwest conifer forests (Franklin

and Dyrness 1973, Franklin and Hemstroni 1981). The

identity of successful colonizers, however, depends on the

interaction of many biological and physical processes.

Even after colonization by a given set of species,

alternative successional pathways are possible on a site

(Catellino et al. 1979, Kessell 1979, Franklin 1982).

According to the tolerance model, pioneer species

generally have more widespread propagule dispersal and

more rapid juvenile growth than late successional species,

but species from all successional stages are able to

survive and grow on the disturbed site. Because late

successional species are able to withstand low levels of

light and other resources, they eventually grow to

maturity in the presence of seral predecessors, have

greater reproductive success under a closed canopy, and

gradually become dominant on the site (Connell and Slatyer

1977). Western hemlock, Tsuga heterophylla (Raf.) Sarg.,

western redcedar, Thula plicata Donn., and Sitka spruce

evidence some degree of tolerance to low light levels

under red alder, and scattered individuals appear capable

of persisting throughout the life span of the alder
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overstory (Franklin and Pechanic 1968, Stubblefield and

Oliver 1968, Franklin and Dyrness 1973).

The inhibition model, on the other hand, postulates

that fast-growing pioneer species preempt space and

resources, thereby excluding late successional species.

Therefore, if a pioneer species becomes established in

abundance on a site, late, successional species have an

opportunity to invade only after the death of individual

seral colonists. However, because late successional

species have, on the average, longer life spans than seral

species, species composition gradually shifts during a

tree-by-tree replacement process (Connell and Slatyer

1977). This shift may occur very slowly, extending over

centuries when long-lived species are involved.

Therefore, understory vegetation could interact with one

or more of the dominant species during the protracted

tree-by-tree replacement phase and influence the

successional path. However, the Connell and Slatyer

models do not incorporate the possible effects of

understory vegetation on succession of the dominants.

In many plant and animal communities, a phenomenon

known as the recruitment bottleneck occurs, whereby mature

individuals of subordinate organisms in the community

compete with juveniles of the community dominants (Werner

and Gilliam 1984). Often the mature organisms are

superior competitors in these situations, even though they
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may be decidedly inferior when competing directly against

mature dominants. In extreme cases, such interactions

can lead to local extinction of dominant species, and

inhibition of dominant reproduction is fairly common.

Objectives

Specific objectives of this paper are to address

three questions arising from earlier studies in alder-

dominated communities of the Pacific Northwest.

How does relative dominance shift among understory

life forms and among species within life forms as the

alder canopy ages?

Do shade-tolerant conifers persist as suppressed

saplings under the alder canopy in sufficient

quantity to form a canopy if they release when the

alder canopy deteriorates?

What dominant species characterize the understory,

and are there relationships between the composition

of understory communities and site factors,

disturbance patterns, stand characteristics or tree

regeneration?



STUDY AREA

- Geoloqy and Soils.

The Oregon Coast Range consists of uplifted marine

sedimentary and volcanic rock. Most of the study area is

underlain by sedimentary rock, but weathered gravels and

recent alluvium characterize the eastern edge and occur on

the plains of the major streams throughout the area

(Baldwin 1964).

Soils vary greatly over the study area (Corliss

1973). In areas with steep slopes and continual erosion,

shallow Bohannon soils have developed. Most of these

soils are well-drained gravelly loams and are fairly

productive. Slickrock soils, occurring on the gentler

slopes, are well-drained gravelly loam to gravelly clay

loams and are the most productive soils in the study area

(Baldwin 1964). Knappa and Nehalem alluvial soils are

well-drained silt loam to silty clay loam. These fairly

fertile soils support many bottomland red alder stands.

Climate

The climate is maritime with approximately 2500 to

3000 mm/yr precipitation and moderate temperatures. About

50 percent of the precipitation occurs during December,

January, and February and only 8 percent falls from June

80
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through September (Worthington 1979). Annual snowfall

averages 25 mm on the coast and increases moderately in

the higher elevations of the Coast Range. However, there

is no snowpack accumulation within the study area.

Temperature regimes are mildest on the coast (mean summer

maximum, 31°C, and mean winter minimum, -6°C) with

slightly greater fluctuation inland (35°C and -7°C,

respectively). At low elevations temperatures drop below

freezing only 30 to 35 days per year, and summer months

are consistently frost free. Prevailing winds are

generally from the north to northwest in the summer and

from the south to southwest in winter. Strong winter

storms are not uncommon along the coast, and gusts over

160 kph are frequently recorded (Worthington 1979). As

the storms move inland, much of the fury dissipates, but

exposed slopes and ridges within the study area experience

frequent high winds during the winter months.

Vegetation

Although much of the original conifer forest has been

removed by either fire or logging over the past century,

the central Coast Range still holds large volumes of

timber. Now, however, most of the old-growth Douglas-fir,

Sitka spruce, western hemlock, and western redcedar have

been removed. Repeated disturbance to forest sites has
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tended to favor Douglas-fir over the more shade tolerant
conifers. Red alder has also profited from the increased
frequency and intensity of disturbance over the past few
decades and has now become a dominant feature of the
vegetation in the study area.

Within the Tsuga heterophy].].a vegetation zone, six

climax associations are defined along a moisture gradient
(Franklin and Dyrness 1973). Seral red alder stands occur
primarily in the two wettest of these associations: Tsuqa

heterophylla/Polystichuin munitum and Tsuga

heterophyl1aJpolysticu munituin/Oxalis oreqana (Franklin
and Dyrness 1973).

The Tsuqa heterophylla/Polystichum munituni

association occupies toe slopes and north aspects and is
characterized by large Douglas-fir and western hemlock in
late successional communities. The conifer overstory
restricts shrub development to a few Oregongrape (Berberis
nervosa Pursh), vine maple, and red huckleberry (Vacciniuin
parvifolium Smith). Swordfern (Polystichum munitum

(Kaulf.) Presl.) grows abundantly and dominates the
understory. Other herbaceous species include twinf lower

(Linnaea borealis L.) and cutleaf goldthread (Coptis
laciniata Gray). Franklin and Dyrness (1973) consider
this association to be the regional climatic climax in the
Oregon Coast Range.

The Tsuga heterophylla/polystjchum munitum/Oxalis
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oreqana association occurs on very moist streamside slopes

and supports large Douglas-fir, western hemlock, and

western redcedar. Although western hemlock is the major

climax species, western redcedar is able to regenerate in

late successional stands, and Douglas-fir can be found in

virtually all old-growth stands by virtue of its longevity

(Franklin and Dyrness 1973). The understory is dominated

by lush herbaceous growth of swordfern, Oregon oxalis

(Oxalis oregana Nutt.), and white inside-out-flower

(Vancouveria hexandra (Hook.) Morr. and Dec.). In the

wettest areas a variety of fern species can be found along

with abundant mosses and liverworts (Franklin and Dyrness

1973).

In a management guide for the Siuslaw National

Forest, Hemstrom and Logan (1986) described 16 plant

associations in the Western Hemlock Series. Four of these

associations are represented by plots included in this

study.

Because my study plots were intentionally located

in pure stands of red alder, understory communities

described in this paper do not correspond perfectly with

those described under conifers or under mixed-species

canopies. For example, many previously described

communities are dominated by shrubs such as Rhododendron

macrophyl].um G. Don, Vaccinium ovatum Pursh, and

Gaultheria shallon Pursh, species that were not prominent
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on any of my study sites (Hemstrom and Logan 1986). Also,

many herbaceous species occur only rarely under pure alder

stands but are common in conifer-dominated communities

(Franklin and Dyrness 1973).



METHODS

Site Selection

During the spring of 1985, I used aerial photographs

and Forest Service regeneration records to locate more

than 60 natural red alder stands in the central Oregon

Coast Range. During subsequent travels through the study

area, I located additional sites. Then, from more than 80

sites examined on the ground, I selected 44 to use as

study sites (Figure 3.1). Stands selected for study

ranged in age from 7 to 87 years and were dominated by

even-aged red alder that had regenerated naturally after

disturbance. Study stands were extensive enough to

accomodate a sample plot, hereafter called a macroplot,

with a surrounding buffer zone characterized by similar

site conditions and vegetation.

Data Collection

At each study site, I located one circular macroplot

near the center of the stand. Macroplots varied from 0.01

hectare in the youngest stands to 0.10 hectare in the

oldest stands, based on the mean diameter of the five

trees nearest plot center.
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Figure 3.1. Location of study area and 44 study sites in the Alsea River drainage of western Oitgon.



Characteristics of sample plots are given below.

87

Plot radii were corrected for slope by the formula:

1/2
RS = RC/(cos a)

where RS is the radius measured along the slope, RC is the

desired horizontal radius, and a is the slope angle in

degrees.

Site characteristics measured or estimated included

percent slope, aspect, physiographic position, and

evidence of disturbance. Elevation and distance from the

Pacific Ocean coastline were later determined from

topographic maps. Several tree characteristics were

measured, including total height and age of dominant

trees, diameter (DBH) of all trees, and decay class of

standing dead trees. Stand parameters were then derived,

including site index, basal area, height-to-diameter

ratio, and stand density index.

Four rectangular subplots were delineated along line

transects radiating from plot center (Figure 3.2).

Subplots were each 1 m wide by 7 m long in small

Mean DBH (cm) Plot Size (ha) No. Plots Live Trees/Plot

< 10.0 0.01 6 34 -172
10.0 - 19.9 0.02 14 23 - 50
20.0 - 29.9 0.04 14 19 - 53
30.0 - 39.9 0.06 5 17 - 49
40.0 - 49.9 0.08 4 16 - 31

> 50.0 0.10 1 9
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Circular Subplot Line Intercept
Belt Transect

Figure 3.2. Sampling design showing arrangement of 0.25 m2 circular subplcnsused to estimate cover of non-woody vegetation, line intercepts used toestimate cover of shrubs and ferns, and transects used to sample tree seedlings.
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macroplots and 1 in wide by 10 in long in large macroplots.

Within these subplots, trees less than 1.4 in tall were

sampled, recording species, basal stem diameter, total

height, and approximate age. Age was estimated from

counts of terminal bud scale scars and from counts of

annual rings when it was possible to extract and read

increment cores.
2

Twelve circular subplots, each 0.25 in in area, were

located systematically within each macroplot (Figure 3.2).

Absolute abundance of herbs, grasses, and mosses was

determined by a visual estimate of percent cover by

species within each subplot. Percent cover was estimated
2

to the nearest 1 percent, using 25 cm circular discs as

standards. Then mean cover values over all subplots were

calculated to the nearest 0.1 percent. Consideration of

mosses was limited to those species that habitually grow

on soil or decaying woody substrate. Species growing

primarily on living trees were excluded from analysis

because of the necessity to climb trees to obtain an

adequate sample. Absolute abundance of shrubs and ferns

was determined by the line-intercept method (Chambers and

Brown 1983), recording by species the proportion of four

line transects intercepted by leaves or stems. Line

transects were 7 in long on 0.01 and 0.02 hectare plots and

10 m long on 0.04, 0.06, 0.08, and 0.10 ha plots (Figure

3.2).
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After recording species observed on subplots and line

transects, a careful search was made throughout each

macroplot and in the surrounding stand for additional

vascular plant species; presence of additional species

was recorded for inclusion in a qualitative presence/

abundance data set. Because careful scrutiny was

necessary to observe and identify moss species, only those

present on the circular subplots were recorded. Rare

moss species probably escaped detection on some sites as a

consequence of the sampling procedure.

To assess the fluctuation in abundance of understory

vegetation during the sampling period, I established

phenology plots in alder-dominated stands at four

locations within the study area. Each phenology sample

site was selected to represent several study sites. At

each phenology site, I systematically located eight 0.25
2

m plots and four 5 m line transects for repeat

measurement of cover, employing the same estimation

procedures used on the study sites. Because moss cover

could not be estimated accurately without removing or

disturbing herbs and grasses, mosses were not included in

phenology measurements. Phenology sampling was conducted

at bi-weekly intervals throughout the summer of 1985,

concurrent with sampling of understory vegetation on the

44 study sites.



Data Analysis

Abundance data from the 44 sample plots were first

reduced to samples-by-species data matrices suitable for

entry into multivariate analysis programs (Gauch 1982).

Separate matrices for shrubs and ferns, herbs and grasses,

and mosses were obtained. Raw abundance data

(untransformed cover values) were analyzed first. Raw data

were then transformed to an octave, or log , scale to
2

reduce the influence of dominant species and species-rich

samples on the classification and ordination results

(Gauch 1982). Lastly, a four-state variable was derived

to assess community structure based on qualitative

abundance of all species observed at each study site. For

shrubs, ferns, herbs, and grasses, the values assumed by

the qualitative variable represented four discrete levels

of abundance:

Not observed on the macroplot or in the surrounding

stand.

Observed within the stand but not within the

macroplot.

Observed within the macroplot but not present on any

line transects (shrubs and ferns) or circular

subplots (herbs and grasses).

Present on at least one line transect or circular

subplot.

9]-
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For mosses, the four values of the qualitative variable

corresponded to slightly different abundance levels.

Not present on any of the circular subplots within

the macroplot.

Present on at least one circular subplot and with a

mean cover on all 12 subplots of at least 0.1 percent.

Present on one circular subplot with at least 2.0

percent cover or present on at least two subplots and

attaining 1.0 percent cover on one subplot and a mean

cover on all subplots of 0.2 percent.

Present on one circular subplot with at least 3.0

percent cover or present on at least three subplots

and attaining 2.0 percent cover on one subplot and a

mean cover on all subplots of 0.3 percent.

Because classification and ordination results were

adversely affected by anomalous samples, or outliers, one

to four plots were removed from some multivariate

analyses. Species observed on only one site (macroplot)

and not occurring on line transects or in circular

subplots were eliminated from all analyses. Spring

annuals that senesced during the summer were also deleted

from all data sets.

Data from phenology plots were analyzed by

calculating mean cover by species at each of six sampling

dates and comparing trends in cover of individual species
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and of life forms over the course of the summer. Species

considered suitable for inclusion in quantitative

multivariate analyses were those found in line transects

or circular subplots on at least four sites and with

maximum cover not exceeding twice the minimum cover during

the summer. Suitability of species not occurring on the

phenology plots was evaluated from patterns in the data

matrix and from the degree of senescence or wilting

observed on the sample plots. The 38 species selected by

application of these criteria are hereafter referred to as

key species (Table 3.1).

Key species abundance patterns. First, the relationship

between key species abundance patterns and eight site and

stand variables was examined by correlation analysis. The

eight independent variables were: elevation, aspect,

slope, distance from the coast, trees per hectare in the

overstory, density of overstory trees expressed as a

percentage of the maximum stand density index achieved by

alder in the study area (Reineke 1933, Long 1985), age of

the overstory stand, and site index (Worthington et al.

1960). Then, a hierarchical classification by two-way

indicator species analysis (TWINSPAN) was conducted to

group the key species according to similarity in

occurrence on the sample plots (Hill l979b, Gauch and

Whittaker 1981). Next, species ordinations were performed



Shrubs

Acer circinatuin Pursh
Berberis nervosa Pursh
Corylus cornuta Marsh.
Gaultheria shallon Pursh
Holodiscus discolor (Pursh) Maxim.
Rhamnus purshiana DC.
Ribes bracteosum Dougi.
Rubus parviflorus Nutt.
Rubus spectabjljs Pursh
Rubus ursinus Cham. & Schlecht.
Sambucus racemosa L.
Symphoricarpos albus (L.) Blake
Vaccinium parvifoliuni Smith

Ferns

Polystichuin munitum (Kaulf.)Presl. POMU *
Pteridiuin aquilinuin (L.) Kuhn PTAQ

Herbs

Asarum caudatuin L.
Dicentra formosa (Andr..) Walp.
Digitalis purpurea L.
Disporum smithii (Hook.) Piper
Galiuxn aparine L.
Hydrophyliwn tenuipes Heller
Maianthemum dilatatum

(Wood) Nels. & Macbr.
Miinulus dentatus Nutt.
Mitella caulescens Nutt.
Montia sibirica (L.) Howell
Oxalis oregana Nutt.

ACCI *
BENE *
COCOC*
GASH *
HODI *
RHPU *
RIBR *
RUPA *
RUSP *
RUUR
SARA *
SYAL
VAPA *
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Table 3.1. Understory plant species in red alder stands
of the central Oregon Coast Range. Key species are
denoted with an asterisk; these are common species whose
abundance did not fluctuate markedly during the summer.
Names of vascular plants are from Hitchcock and Cronguist
(1973), and names of mosses are from Christy et al.
(1982). Species codes of shrubs, ferns, herbs, grasses,
and sedges are from Garrison et al. (1976). Species codes
of mosses were assigned specifically for this study.

Vine maple
Oregongrape
Hazelnut
Salal
Oceanspray
Cascara
Stink currant
Thimbleberry
Salmonberry
Dewberry
Red elderberry
Snowberry
Red huckleberry

Swordfern
Bracken (fern)

ASCA3* Wild ginger
DIFO Bleedingheart
DIPU * Foxglove
DISM * Fairy lantern
GAAP Cleavers
HYTE Waterleaf
MADI2 False lily-of-

the-valley
HIDE Monkey-flower
MICA3* Leafy initrewort
MOSI Spririgbeauty
OXOR * Oregon oxalis

Species Code Common Names



Table 3.1 (page 2)

Sinilacjna stellata (L.) Desf.
Stellarja crispa Chain. & Schlecht
Stachys inexicana Benth.
Thalictrum occidenta].e Gray
Telliina qrandiflora (Pursh)Dougl.
Toliniea menziesjj (Pursh) T. & G.
Trientalis latifolia Hook.
Urtica dioica L.
Viola qlabella Nutt.

Grasses and Grasslike Plants
Agrostis species L.
Bromus vulgaris (Hook.) Shear
Carex deweyana Schw.
Carex hendersonii Bailey

Festuca subulata Trin.
Holcus lanatus L.
Luzula parviflora (Ehrh.) Desv.
Melica subulata (Griseb.)Scribn.

Mosses

Aulocoinniuin androqynum (Hew. ) Schwaegr.
Dicranum scoparium Hedw
Kindburqia praelonqa

(Stokesiella praelonqa var stokesii (Turn.
Kindburqja oreqana

(Stokesiel].a oregana (Sull.) Robins.)
Leucolepis menziesij Steere ex L. Koch
Plagiomnium insigne (Mitt.) Kop.
Plaqiotheciuin undulatuin (Hedw.) B.S.G.
Rhizoinnjum qiabrescens (Kindb.) Kop.
Rhytidiadelphus loreus (Hedw.) Warnst.
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SMST Starry Solomon-
plume

STCR Starwort
STME2 Mexican betony
THOC * Meadowrue
TEGR * Fringecup
TOME * Youth-on-age
TRLA2* Starf lower
URDI * Stinging nettle
VIGL * Stream violet

AGROS Bentgrass
BRVU * Columbia brome
CADE * Dewey's sedge
CAHE * Henderson's

sedge
FESU * Bearded fescue
HOLA * Velvetgrass
LUPA * Sxnallflowered

woodrush
MESU * Oniongrass

AULAN *
DICSC *
KINPR *

Cruin)
KINOR

LEUNE *
PLAIN *
PLAUN *
R}IIGL *
RHYLO *
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using detrended correspondence analysis (Hill 1979a, Hill

and Gauch 1980). Species were arrayed on two-dimensional

ordination space, and the species groups derived from

TWINSPAN were superimposed on each ordination (Pielou

1984). Finally, results were synthesized and species

groupings were determined from recurring patterns.

Three distinct understory strata were recognizable on

most sites: shrubs and ferns, herbs and grasses, and

bryophytes (primarily mosses). Temporal trends in

abundance of each life form were examined by dividing study

sites into five groups, each group representing one red

alder age class.

Abundance of selected species and total abundance by life

form were then calculated for each alder age class, and

salient temporal trends were depicted graphically.

Classification and ordination of understory communities.

In preparation for a unified analysis of all understory

vegetation, I formed two data sets, one quantitative and

one qualitative, by merging data from the three major

strata. The quantitative data set consisted of mean cover

Age Class Age Range No. Sites

1 7-12 4
2 18-24 7
3 27-35 18
4 36-51 7
5 75-87 8
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values of the 38 key species, and the qualitative data set

was derived from the four-state abundance codes for all

129 species occurring on the study sites. The general

objective of the multivariate analysis was to delineate

recognizable communities and relate them to site and stand

conditions. Specific objectives were: 1) to relate

communities to simple or complex environmental gradients;

2) to examine the influence of overstory age and structure

on the understory; and 3) to infer likely successional

pathways on forest sites colonized by mnonospecific stands

of red alder.



RESULTS AND DISCUSSION

Phenoloqy Sites

Twenty-seven species were observed on one or more

phenology sites during the summer of 1985 (Table 3.2).

Each species exhibited one of five general patterns of

seasonal abundance from July 11 to September 23:

Negative exponential, with rapid decline in July but

stabilizing in August (Figure 3.3, Montia sibirica).

Steady linear decline throughout the summer but

persisting through late September (Figure 3.4,

Hydrophyllum tenuipes).

Declining from low abundance in July and present only

as dry and wilted remnants by September (Figures 3.3

and 3.4, Dicentra formosa and Pteridium aquilinuin).

Maintaining the same level of abundance throughout

the summer (Figure 3.3, Aqrostis sp. and Carex

deweyana).

Increasing in abundance, at least during July and

August (Figure 3.4, Rubus ursinus).

Five shrub species maintained relatively constant

cover throughout the summer (Table 3.2). Cover of Rubus

ursinus fluctuated at one phenology site (Figure 3.4), but

mean cover was relatively stable with peak values in
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Table 3.2. Mean percent cover of 27 species on phenology
sites sampled at six different times during the summer of
1985. Cover of shrubs and ferns was estimated to the
nearest 1 percent on each of four line transects per
phenology site. Cover of grasses, sedges, and herbs was
estimated to the nearest 0.1 percent on each of eight 0.25
square meter circular plots per phenology site.

Species

Shrubs

Acer circinatuin
Corylus cornuta
Rubus spectabj].js
Rubus ursinus
Syinphoricarpos albus

Ferns

Polystichuin munitum
Pteridium aquilinum

Grasses and Sedges

Agrostis species
Broinus vulqaris
Carex deweyana
Festuca subulata
Melica subulata

Herbs

Asarum caudatum
Diceritra formosa
Disporuin smithij
Galium aparine
Hydrophyllum tenuipes
Maianthemum dilatatuin
Mitella caulescens
Mimulus dentatus
Montia sibirica
Oxalis oregana
Smilacina stellata
Stellaria crispa
Stachys mexicana
Tellima qrandiflora
Thalictruin occidenta].e

Samplinq Dates
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Mean Total Cover

0.1 0.1 0.1 0.]. 0.1 0.1
1.6 2.0 2.0 2.0 2.0 1.6
2.5 2.6 2.5 2.6 3.0 3.0
0.1 0.1 0.1 0.1 0.1 0.1
0.0 0.3 0.2 0.2 0.3 0.2

1.2 1.2 1.3 1.3 1.4 1.4
0.4 0.2 0.1 0.1 0.0 0.0
0.4 0.4 0.4 0.4 0.5 0.5
0.2 0.1 0.0 0.0 0.0 0.0
5.3 4.2 3.0 2.0 1.4 0.8
1.3 1.0 0.9 0.7 0.6 0.5
0.3 0.3 0.3 0.3 0.3 0.2
0.1 0.]. 0.1 0.]. 0.0 0.0
2.6 1.4 1.1 0.8 0.8 0.8

12.0 10.4 9.6 9.9 8.9 9.2
1.2 1.1 1.2 1.2 1.2 1.4
0.5 0.5 0.5 0.4 0.3 0.3
1.8 1.5 1.8 1.4 1.6 1.5
1.3 1.4 1.1 1.2 1.1 1.2
4.1 5.5 5,4 5.1 4.6 3.9

194 186 173 168 165 162

7/11 7/29 8/12 8/27 9/9 9/23

94 98 96 95 93 94
24 25 21 22 25 24
25 24 19 20 18 20

4 4 7 7 6 6
7 6 7 6 6 7

26 27 24 23 25 23
2 1 1 1 0 0
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Phenology Site 1

Agroslis species

D Carex deweyana

Dicentra formosa

D Montia sibirica

7/11 7/29 8/12 8/26 9/9 9123

Date (month/day)

Figure 3.3. Abundance of four understory species in a red alder stand,
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midsummer. Abundance of Rubus spectabilis declined during

midsummer on one southwest-facing phenology plot but

remained stable on the other two phenology plots on which

it occurred (Table 3.2). Swordfern, Polystichum munitum,

maintained fairly constant abundance, but brackenfern,

Pteridium aquilinuin, declined dramatically in late summer

(Figure 3.4 and Table 3.2).

In general, abundance of the grass species, including
Carex deweyana, remained constant or increased as the

summer progressed (Figure 3.3 and Table 3.2). Herbaceous

species, conversely, exhibited a variety of patterns.

Seven species declined rapidly in abundance (Table 3.2 and

examples in Figures 3.3 and 3.4). Eight other species

maintained relatively constant cover, with three species

increasing moderately in abundance and five decreasing

somewhat (Table 3.2).

Key Species Abundance Patterns

Several of the 38 key species exhibited strong

correlation with one or more site or stand

characteristics. Vine maple, Acer circinatuiu, was the

dominant species in many old red alder stands,

particularly those at high elevation (Table 3.3). The

smalif lowered woodrush, Luzula parviflora, and the

epixylic moss Rhytidiadelphus loreus were commonly found
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Table 3.3. Correlations among percent cover of 38 key
understory species and between the percent cover of key
species and eight environmental factors. Environmental
variables are: ELEV = elevation above sea level in meters,
ASPCT = arc-cosine transformation of degrees azimuth,
reference azimuth 45 ; SLOPE = mean percent slope of the
macroplot; DIST = distance from the coast in kilometers;
RDI = relative density index, based on a maximum stand
density index of 1125; AGE = mean age in years of the
dominant red alder trees, approximating time since stand-
originating disturbance; TPHA = number of canopy trees per
hectare; and S150 = site index, the projected mean height
of dominant trees at 50 years. Values are Pearson
correlation coefficients and symbols denote level of
significance: ***, p < 0.001; **, p < 0.01; *, p < 0.05.
See Table 3.1 for explanation of species codes.

Key Species Species Site Variables

Shrubs

ACCI LTJPA .610*** RHYLO .523*** AGE .649***
VAPA .316* THOC .302* RDI -377*

S150 -.326*
TPHA -.315*
ELEV .311*
SLOPE .307*

BENE GASH .582*** TRLA2 347* ASPCT -.362*

COCOC DISM .413** LEtJME .399**

GASH TRLA2 .748*** BENE .582*** TPHA .627***
RUPA 394** ASPCT -.323*

RHPU DIPU .315*

RIBR MICA3 .827*** PLAIN .532*** S150 344*
SARA .431** KINPR .418**

RUPA TRLA2 .671*** DISM .647***
GASH 394**

RUSP TOME .520*** PLAUN 333* ELEV -.302*

SARA RIBR .431** RHIGL .415** S150 .316*
MICA3 343*

VAPA THOC .480** RHYLO .348*
ACCI .316*
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Table 3.3 (page 2).

Ferns

POMU ASCA3 .328* ASPCT 414**
TPHA -.382*
SLOPE .367*

Herbs

ASCA3 LEUME .374 * POMU 328 *
DICSC .320*

DIPU MESU .830*** CAHE 644***
FESU .500*** KINPR .363*
BRVU .316* RHPU .315*

DISH RUPA .647*** VIGL 465**
COCOC 413 ** TRLA2 354 *

MICA3 RIBR .827***

OXOR VIGL .378* URDI .352* DIST .350*

TEGR AULAN .341* SLOPE .369*

THOC RHYLO .780*** PLAUN .548*** AGE .309*
VAPA 480** ACCI .302*

TOME MICA3 .633*** PLAIN .568*** SLOPE-.333*
RUSP .520***

TRLA2 GASH .748*** RUPA .671*** TPHA 630***
DISH 354* BENE .348*

URDI CADE .531*** OXOR .352* SLOPE-.340*
BRVU .317*

VIGL DISH .465** LUPA .422**
OXOR .378*

Grasses and Grasslike Plants

BRVU CAHE 727*** CADE .532***
KINPR 520*** FESU .417**
MESU 414** URDI .317*
DIPU .316*

CADE BRVU .532*** URDI .53l*** SLOPE -.356*
CAHE .450**
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Table 3.3 (page 3).

CAHE BRVU .727*** MESU .715***
DIPU .644*** KINPR .563***
CADE .450** FESU .365*

FESU DIPU .500*** MESU .452**
BRVU .417** KINPR 374*
CAHE .365*

HOL S150 355*
TPHA .308*

LUPA ACCI .610*** VIGL .422** AGE .608***
S150 -. 394**

MESU DIPU .830*** CAHE .715***
FESU .452** KINPR .452**
BRVU .414**

Mosses

AULAN KINPR .346* TEGR .341* RDI .323*
PLIN .315*

DICSC ASCA3 .320*

KINPR CAHE .563*** BRVU .520***
MESU .452** RIBR .418**
FESU 374* DIPU .363*
AULAN .346*

LEUME COCOC 399** ASCA3 374*

PLAIN MICA3 .696*** TOME .568*** S150 355*
RIBR 533*** AULAN .315*

PLAUN RHYLO 554*** THOC .548*** AGE 549***
RUSP 333* DIST -.320*

RDI -.301*

RHIGL SARA .415** MICA3 3Ø5* S150 .391**

RHYLO THOC .780*** 554*** AGE .531***
ACCI .523*** VAPA .348*
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under the vine maple in these stands (Table 3.3).
Salmonberry, Rubus spectabiljs, was also a common dominant

in old alder stands but achieved best development on low

elevation sites, where it was often associated with youth-
on-age, Tolmiea menziesii, and the moss Plagiotheciuxn
undulatum (Table 3.3). Two other species occurring
frequently with Tolmiea menziesii were Mitella caulescens
and Plaqioxnniuin insiqne.

Several species were positively correlated with site
index. For example, red elderberry, Sambucus racemosa,

and stink currant, Ribes bracteosum, were most commonly
found on productive sites. Stink currant was strongly
associated with Mitella caulescens. Two moss species,

Plaqiomnjum insiqne and Kindburgia praelonqa, also

preferred sites with high site index (Table 3.3).
Swordfern, Polystichum munitum, a common component of

many understory communities, was correlated strongly with

aspect, favoring north and east slopes (Table 3.3).
Conversely, salal, Gaultherja shallon, and Oregongrape,

Berberis nervosa, achieved best development on south and
west slopes, occasionally dominating the understory on

such sites. In general, however, salal and Oregongrape
were much more prominent along roadsides and in adjacent

conifer-dominated stands than under red alder.
Some species were differentiated by slope. Vine

maple was commonly dominant on relatively steep slopes,
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associated with swordfern and Tellima qrandiflora, whereas

Carex deweyana, Tolmiea menziesii, and Urtica dioica were

found mainly on gentle toe slopes or on terraces or valley

bottoms (Table 3.3). Sites on gentle slopes generally had

higher site index than sites on steeper terrain.

Oregon oxalis, Oxalis oreqana, was found more

commonly on the east end of the study area, and was the

only species associated with distance from the coast.

Oxalis was often associated with Viola qlabella and Urtica

dioica on terraces and bottomland sites. Five of the

key grass and grass-like species tended to occur together

without a strong relationship to any of the eight site or

stand variables used in the correlation analysis (Table

3.3). Only the smallflowered woodrush, Luzula parviflora,

and velvet-grass, Holcus lanatus, were distributed

independently of the other grasses. The woodrush, as

mentioned earlier, occurred under vine maple in older

stands, and velvet-grass was found primarily in relatively

young stands on poor sites.

Description of Understory Strata

Shrubs and ferns. Nineteen shrub species and six ferns

were observed on the 44 study sites. Stature of these

species ranged from the tall, arborescent form of Rhamnus

purshiana to the widely spreading, often contorted Acer
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circinatum to the small, delicate ferns Dryopteris

austriaca and Adiantum pedatuin. The larger members of

these two life forms, however, were the understory

dominants on nearly every study site.

Total cover of shrubs and ferns increased from 52.0

percent under young alder to 134.4 percent in senescent

alder stands (Figure 3.5). The pattern of dominance

varied by life form, however. Ferns exhibited maximum

abundance under middle-aged alder, reaching 51.1 percent

cover in age class 3, whereas shrubs became progressively

more abundant in older stands, attaining 109.1 percent

cover in age class 5.

Individual shrub and fern species exhibited different

response patterns with respect to age of the overstory.

Youngest stands were frequently dominated by Rubus ursinus

and Pteridiuin aquilinum, two colonizing species that

reproduce vegetatively after disturbance (Figure 3.6).

Swordfern Polystichuin munitum, was most abundant in the

middle age classes and tended to characterize the

understory in these stands, although several shrub species

were present on most sites (Figure 3.6). Salmonberry,

Rubus spectabilis, became progressively more abundant with

increasing age of the alder, and stands approaching

senescence (age class 4) supported dense growth of

salmonberry (Figure 3.6). Swordfern, however, was still a

prominent component of these stands, and several minor
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shrub species were scattered throughout the understory

(Figure 3.6). old stands of senescent red alder (age

class 5) were dominated by either vine maple or

salmonberry, depending on aspect and elevation (Figure

3.6). Swordfern and occasional red elderberry, Santhucus

racemosa, red huckleberry, Vaccinium parvifolium, and

other shade tolerant shrubs were also found under

senescing red alder.

Herbs and qrasses. Cover of non-woody vascular plants

increased from a minimum of 2.8 percent under young alder

to a maximum of 13.5 percent in mature alder stands

(Figure 3.7). Forbs accounted for the majority of this

component of the understory community; grasses reached

peak abundance of 4.6 percent cover in age class 3 but

declined dramatically in older stands. Variability was

high among plots, with coefficients of variation,

calculated for combined herb and grass cover, reaching 100

percent for most age classes (Figure 3.7).

Individual species exhibited different response

curves over the age gradient. Some, like Nontia sibirica,

maintained consistent cover over all age classes, whereas

others, exemplified by Tolmiea menziesii, showed distinct

peaks, typically under mature alder stands (Figure 3.8).

Relatively few species were able to thrive under the

oldest alder stands because of the dense cover of vine
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Figure 3.7. Abundance of herbaceous plants and grasses under red alder stands of
different age classes. Vertical bars indicate one standard error of mean for combined
cover of herbs and grasses.
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maple or salxnonberry (Figures 3.6, 3.8). Only a few

grasses such as Bromus vulqaris, shade tolerant

rhizomatous species like Oxaljs oregana, and species like

Montia sibirica that attain maximum growth during the

spring were adapted to the understory environment in

senescing alder stands (Figure 3.8).

Mosses. Consideration of bryophytes was restricted to

mosses growing on soil, rock, or decaying wood.

Liverworts and hornworts were rarely observed on the study

sites and were not included in the analysis. Mosses

growing on trunks and branches of living trees and shrubs

were plentiful in some stands but were not recorded

because of the difficulty in obtaining an adequate sample.

Some species, such as Plagiothecium undulatum, commonly

occur on living vegetation and on rotten logs and may also

be found on soil and rocks. Such species were included in

the sample if observed on a non-living substrate within a

circular subplot.

Abundance of mosses was low in the youngest alder

stands, but was significantly higher and fairly constant

over the other four age classes, a pattern similar to that

exhibited by ferns but without substantial decline in the

oldest stands (Figures 3.5, 3.9). Individual species

demonstrated different responses to the overstory age

gradient. Species growing primarily on the soil or on
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Figure 3.9. Abundance of mosses compared with abundance of herbaceous plants
under red alder stands of different age classes. Only ground-dwelling and epixylic
mosses are included. Vertical bars indicate one standard error of the mean.
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litter achieved peak abundance in middle-aged alder

stands. Kindburqja praelonqa is the most common example

of this type of moss (Figure 3.10). Kindburgia praelonqa

grows readily on almost any substrate and was the most

abundant ground-inhabiting moss in the study area. The

same response pattern was displayed by Plaqioxnnium

insigrie, another ground-dwelling moss that prefers

microsjtes where moisture conditions are particularly

favorable (Figure 3.10).

Mosses requiring a substrate of decaying wood,

however, exhibited a different pattern with respect to age

of the overstory. Such species, exemplified by

Rhytidiadeiphus loreus and Plaqiothecium undulatum,

increased abruptly in abundance as the alder senesced and

large woody material became available on the forest floor

(Figure 3.10). Some young alder stands with large conifer

logs or snags also supported these epixylic species.

Dicranum scopariuxn and Dicranum fuscescens, very similar

species that were not distinguished during sampling, are

able to grow on either decaying wood or on soil. They

showed a pattern of steadily increasing abundance as the

alder canopy matured (Figure 3.10).
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Classification and Ordination of Study Sites

Several multivariate techniques were applied to two

sets of merged vegetation data: qualitative abundance of

all 129 species observed on the study sites and octave-

transformed cover data for 38 key species. Results are

reported from TWINSPAN classification and detrended

correspondence analysis (DCA) of plots (Gauch

and Whittaker 1981, Hill 1979a,b, Hill and Gauch 1980).

In addition, results from a non-hierarchical

classification program (CLUSB) were incorporated into the

final classification of understory communities (Mclntire

and Overton 1972, Smith 1987).

Classifications of both data sets were examined for

evidence of common patterns in arrangement of sample

units. Each data set represented a different perspective

on the structure of the understory community (Figures

3.11, 3.12). Some groupings of sites recurred in both

data sets or with both classification methods. In other

cases, samples were placed together after a subjective

analysis of results obtained with the different methods

and data sets. Only two plots, both located in young

stands, could not be clustered in a meaningful way with

other samples (Figure 3.11, Plots 12 and 19).

Detrended correspondence analysis of sites by

abundance codes revealed clusters of sites that

118



Dl D2 E2
Cl C2

El 81 B2 A

Figure 3.11. IWINSPAN classification of 43 sItes (plot 19 was excluded), based on qualitative
abundance codes of all specie8 observed on the sites. indicator species used to divide groupsareshown at each level of the dendrgram. Species in Italics are characteristic species, occurring in onegroup of the dichotomy but not in the other group. Specie8 In plain type are differential species,
occurring in greater abundance in one group than In the other. Species in bold lype are very abundantin one group of plots. Specific community-types and variants are indicated by letters and numbers
at the bottom of the dendrogram. Because final allocation ci sample plots to community-types wasbased on ordination resulls and nonhierarchical classification as well as TWINSPAN classification,
correspondence between TWINSPAN groups and final community-types Is only approximate. See
Table 3.1 br an explanation of species codes.

40
42 23

22 27 10
18
44

632
15 34
17 35
24 37
25 43
28

2 31

333
436
2038
2939
30

41 7
11

13
14
21

CAOB CADE DIFO GASHSARA OXOR RHIOL OXOR RIBR GATR RUPA BENEURDI MIDE HGL MADI2 TROV BENE PLAIN HOLA STME2 TEGH

RHVLO ADO! BRVIJ OAGLDR4U2 RIBR MICA3 IIJSP RHYLO DISM VISE CADE FRVEMAOR STCR BRAAS LUPA STCR CAHE RUPA RHYLO DISM FESU

SARA ISOST
OXOR RHYLO PTAO HOLA GASH TRLA2

ELGL
CIRSI

AWl CHGI
URDI WPA ACCI DISM MOSt KINPA

LUCA2
SENEC

HOD! SARA ACCI CADE
SARA ccuoc RLJSP DIFO VAOV VIOL
STAM RWR RL1.JR ISOST CAHE DICTA ATFI



BR Vt)

Plots

CADE

URDI

1,40.42

TOME SARA

RHYLO POMU

FESU

I 89,22J

RUSp RtJSP

C2 Cl

3.6.23J
25,37

OXOR VAPA PLAUN

4,5,20
29,39

Figure 3.12. 1WINSPAN classification of 43 sites (plot 19 was excluded), based on mean cover 0(38 key
species. Indicator species used to dMde groups are shown at each level ci the dendrogram. Species in italics
are characteristic species, occurring in one group of the dichotomy but not in the other group. Species in plain
type are differential species, occurring in greater abundance in one group than in the other. Species in bold type
are very abundant In one group of plots. Specific community4ypes and variants are indicated by bold letters at I-Ithe bottom of the dendrogram. Sample plots representing each community-type are shown in boxes below the
letters designating communhy-types. See Table 3.1 for an explanation ci species codes. 0

ACCI

BRVU KINPR

TltA2 GASH

El E2 Bi ABI 82
I 101724[1518271

145.2i3o 33 36 7.11,13,14,1628,34,35 31.4344J 29.39 '
21,26,38,41

11

40
42

22
39

2

32- 310
415
625

37

17 33
20 34
24 35
28

27
31
43
44

18
23

5
21
29
36

13 38
26 41
33

7
14

12
16

G41

RHIGL RIJSP

BENE ACCI
BRI4J BENEVAPA

OXOR
PLAUN

Dl 02



121

corresponded with groups derived from classification

procedures (Figure 3.13). The first DCA axis separated

plots on gentle toe slopes and streambottonis (right side)

and differentiated plots dominated solely by Polystichum

munituin (left side). This axis, however, was not linearly

related to other site or stand characteristics that were

measured. The second axis expressed a gradient of

distance from the coast. Oldest stands and those at high

elevation were clustered near the center of the

ordination, and youngest stands were near the perimeter

(Figure 3.13). When sample plots were arrayed on the

first and third DCA axes, a slightly different pattern was

evident (Figure 3.14). Again, toe slope and streambottom

sites were separated from all other plots, and oldest

stands were near the center of the ordination diagram.

Other site and stand characteristics were not strongly

related to axis three.

A subjective synthesis of all multivariate analyses

resulted in five communities, four of which were

subdivided into variants based on site characteristics

(Figures 3.11, 3.12). Communities were identified with a

single letter code and variants within a community were

denoted by a number.

Each community was characterized by a unique

combination of dominant species. Most young stands and a

few middle-aged stands dominated by Polystichum munitum
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were classified as Community A (Figure 3.15, Table 3.4).

Most sites dominated by senescent alder and middle-aged

stands with Acer circinatum as the primary dominant formed

Community E. The remaining three communities consisted

primarily of middle-aged stands, and each community was

distinguished by one or two dominant shrubs and

occasionally by abundance of a particular herb, grass, or

moss (Appendix B). In general, Community B was dominated

by Polystichum munitum, with lesser amounts of Acer

circinatum and Rubus spectabilis. In Community C,

Polystichum munitum and Rubus spectabilis were codominant

species. Community D was characterized by Rubus

spectabilis and one or two prominent herbaceous species.

Description of Understory Communities

Type A: Swordfern Community. The swordfern community is

dominated solely by Polystichum munitum (Figure 3.15) and

corresponds most closely to the western hemlock/swordfern

community, CHF1-22, described by Hemstrom and Logan

(1986). Neither vine maple nor salmonberry is a

prominent component of the understory, which distinguishes

this community from all others (Appendix B). Species of

open sites, such as Rubus ursinus and Pteridium aquilinum,

are present and sometimes abundant, and thimb].eberry,

Rubus parviflorus, seldom seen under a mature alder
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Table 3.4. Site and stand characteristics of nine under-
story communities and variants in natural red alder stands
in the central Coast Range of Oregon. Variables are:
ELEV = elevation in meters; POSN = physiographic
position, coded from 0 on ridges to 5 in bottoiulands;
ASPCT = aspect, arc-cosine transformation; SLOPE =
percent slope; DIST = distance from the coast in kin; LOG
and FIRE = 0 for no evidence of these disturbance agents
and 1 for evidence; PATRN = 0 for strongly clumped to 2
for random/regular; RDI = relative density index in
percent; AGE = total age in years; TPHA = live canopy
trees per ha; DEAD = dead canopy trees per ha;
BA = basal area in m"2/ha; MT = total height in in;
HDRATIO = height-to-diameter ratio in in/cm; S150 = site
index, based on index age of 50; ACMA, PSME, CONIF, and
HARD = relative abundance of Acer macrophyllum,
Pseudotsudga menziesii, other conifers, and other
hardwoods, respectively, in terms of basal area. Top
number is the mean value for each variable and bottom
number is the standard error.

Community A Bl B2 Cl C2 Dl D2 El E2

Plots 9 4 3 5 2 3 3 6 6

Site Characteristics

ELEV 232 149 264 229 152 71 269 231 350
(in) 35 34 33 60 6]. 20 22 49 11

POSN 2.8 2.8 4.3 3.0 3.5 4.3 4.7 2.7 1.8
0.4 0.2 0.3 0.6 0.5 0.3 0.3 0.2 0.4

ASPCT 0.99 1.49 1.36 1.71 1.58 1.00 0.93 1.34 1.13
0.17 0.28 0.20 0.17 0.32 0.00 0.54 0.30 0.38

SLOPE 38.0 46.8 11.7 33.2 42.5 5.0 12.3 58.2 53.7
(%) 8.0 10.8 6.0 7.0 17.5 5.0 6.4 9.2 7.8

DIST 29.6 20.1 34.3 29.6 33.0 27.8 43.9 21.7 29.4
(kin) 4.0 2.1 2.7 4.3 4.0 3.7 0.5 3.2 5.1

LOG 0.56 1.00 1.00 1.00 0.50 0.33 0.33 0.67 0.67
0.18 0.00 0.00 0.00 0.50 0.33 0.33 0.21 0.21

FIRE 0.22 0.75 0.33 0.40 0.00 0.00 0.33 0.83 0.67
0.15 0.25 0.33 0.24 0.00 0.00 0.33 0.17 0.21
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Community A B]. B2 C]. C2 Dl D2 El E2

Plots 9 4 3 5 2 3 3 6 6

Stand Characteristics
PATRN 1.67 2.00 2.00 1.80 1.50 1.67 1.67 1.17 1.50

0.17 0.00 2.00 0.20 0.50 0.33 0.33 0.40 0.34

RDI 78.0 75.5 68.3 64.6 65.0 65.3 70.3 59.3 64.3
(%) 3.5 3.7 5.0 8.2 6.0 9.0 1.4 6.5 4.4

AGE 25.2 30.5 34.3 41.6 28.5 32.0 33.3 55.3 55.3
(yrs) 4.2 1.2 3.0 11.7 4.5 3.5 8.5 9.3 12.7

TPHA 4659 1312 817 912 1500 1103 1407 622 750
1644 230 83 220 0 367 488 211 208

DEAD 1894 158 173 174 400 143 407 58 168
729 22 29 75 50 106 227 38 119

BA 33.4 37.7 37.4 34.0 30.4 32.8 34.5 35.9 37.2
(mn"2/ 4.0
ha)

0.9 2.9 3.7 3.4 2.8 4.]. 4.3 2.1

HT 18.0 23.2 25.1 25.1 22.0 25.0 25.6 25.2 25.1
(in) 2.0 1.3 0.2 1.1 1.4 0.7 2.7 1.1 1.3

HD- 90 84 75 80 97 87 98 63 70
RATIO 4
(zn/cm)

2 2 7 8 6 11 8 9

S150 26.1 29.1 29.8 29.6 28.7 30.8 31.8 25.5 27.].
(in) 1.1 1.7 1.0 1.7 0.6 0.9 2.2 1.6 2.2

ACMA 0.1 0.0 0.0 0.2 0.0 0.0 1.0 0.0 0.0
0.1 0.0 0.0 0.2 0.0 0.0 1.0 0.0 0.0

PSME 0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.5
0.1 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.3

CONIF 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

HARD 0.0 0.2 0.0 0.0 0.0 0.0 0.0 3.7 0.0
0.0 0.2 0.0 0.0 0.0 0.0 0.0 3.7 0.0
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canopy, is commonly found in this community. Although

most characteristic of young alder stands, the swordfern

community is also found under dense middle-aged stands of

alder on moderate to steep slopes (Figure 3.16). Relative

density and basal area are consistently higher in these

stands than in stands of similar age supporting other

understory communities (Table 3.4). The paucity of large

shrubs such as vine maple and salmonberry is probably due

to low light levels under the dense alder canopy.

The herbaceous layer is typically dominated by Montia

sibirica, especially early in the summer. Stachys

mexicana and Stellaria crispa are commonly observed, and

Stachys may become prominent on some sites. Bromus

vulgaris is the dominant grass in this community, and the

only moss species flourishing on these sites is Kindburqia

praelonqa (Appendix B). Many colonizing species of

different life forms may be found under young alder, and

the composition of this community is rather unpredictable.

In general, however, understory vegetation is poorly

developed relative to most other red alder communities.

Type B: Swordfern - Mixed Shrub Community. The

understory of some mature alder stands is characterized by

swordfern and a mixture of shrubs, including roughly equal

quantities of vine maple and salmonberry with scattered

individuals of other shrub species (Figure 3.15). This
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community corresponds closely to the western hemlock/vine

maple and salmonberry community, CHS4-22, of Hemstrom and

Logan (1986). Two variants of this community are

differentiated by elevation, physiographic position,

slope, and distance from the coast (Figure 3.16, Table

3.4). Both variants occur on productive sites for growth

of alder, as indicated by high relative density and basal

area (Table 3.4).

The low elevation variant, Bi, is found at the west

end of the study area, occurring on steep inidslope sites

generally below 250 meters (Figure 3.16). The canopy,

formed primarily by middle-aged red alder, is dense but

trees are not particularly large. Trees are randomly to

regularly dispersed with no clumping, and conifer stumps

and other evidence of logging are readily apparent on most

sites (Table 3.4). Such evidence suggests that the

preceding stand was probably dominated by conifers (see

Chapter 2). Interestingly, this community-type included

one relatively dense 87-year old stand at 400 meters

elevation on a site with no evidence of previous conifer

dominance. The community-type is characterized by

swordfern as the dominant understory species, with both

vine maple and salmonberry present in lesser amounts

(Figure 3.15). Hazel, corylus cornuta, is the only other

shrub species attaining substantial cover in this

community, and it is not consistently found on all sites.
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Herbaceous vegetation is not well developed although

Montia sibirica and Stellaria crispa may be common in

early summer. Bronius vulgaris is the dominant grass

species, occurring predictably on these sites. Several

moss species are generally present, including Kindburqia

species, Rhytidiadelphus loreus, and Plagiomnium insigne

(Appendix B). Presumably, proximity to the coast permits

greater development of the moss layer than would otherwise

be expected on these sites.

The high elevation variant, B2, occurs on gentle toe

slopes above 200 meters, with most sites located inland of

sites representing the low elevation variant (Figure 3.16,

Table 3.4). Although the alder overstory is approximately

the same age as in the low elevation variant, and relative

density and basal area are very similar, the stand

structure is quite different. Trees are larger and

taller, and height-to-diameter ratio is the lowest of all

middle-aged stands, indicating that these stands may have

originated at relatively low densities (Table 3.4).

Swordfern is the dominant understory species, with

vine maple and salmonberry prominent in most stands

(Figure 3.15). Red elderberry, Sambucus racemosa, achieves

greatest abundance in this community and is a major

component on some sites. Rubus ursinus is relatively

common, and hazel, Corylus cornuta, is generally observed.

Under the shrubs, Montia sibjrica and Broinus vulgaris are



132

well represented, with Montia most prominent in the early

summer and Bromus in the late s'immer. Carex dewevana is

also commonly seen in this community, and Carex

hendersonii, although not dominant, achieves maximum

presence in these stands (Appendix B). Kindburqia

praelonga is the only moss found in abundance, although

Kindburgia oreqana may be locally abundant if woody

substrate is available. Isothecium stoloniferuzn is

present on most sites, growing on both living and dead

woody material.

Type C: Swordfern - Salinonberry Community. Many middle-

aged alder stands support understory communities dominated

by swordfern and salmonberry with relatively little vine

maple (Figure 3.15). These communities resemble the

western hemlock/ salmortherry community, CHS4-2l, described

by Hemstrom and Logan (1986). Two variants are

distinguished, each characterized by recognizable

combinations of shrubs or herbs.

The first variant, Cl, occurs under mature alder,

with sample stands ranging in age from 21 to 87 years.

Characteristically, the alder overstory is middle-aged and

growing on moderately steep north- and east-facing slopes

(Table 3.4). Originating from logging activity, the

stands consist of few, relatively large trees. Swordfern

and salmonberry are generally codominant in the
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understory, and vine maple is well represented on some

sites but always subordinate to salmonberry. Individual

red huckleberry bushes are scattered throughout the

understory, and red elderberry and stink currant, Ribes

bracteosum, occur occasionally (Figure 3.15). The

herbaceous layer is dominated by Oxalis oreqana with

Stachys mexicana a frequent codominant. Kindburqia

praelonga is the most abundant moss, but both Kindburqia

oreqana and Rhytidiadeiphus loreus occur where woody

substrate is available.

The second variant, C2, is found under mature stands

of alder on unstable, relatively steep toe slopes with

evidence of appreciable soil movement. The understory is

strongly dominated by swordfern and salmonberry (Appendix

B, Table 3.4). Red elderberry also occurs in these stands

and is more prominent than vine maple, which is present

only as occasional individuals. Oregon oxalis is again

the dominant herb, and Tolmiea menziesii is commonly seen

although rarely abundant. The moss layer is variable but

generally dominated by Kindburgia praelonqa and

Rhytidiade].phus loreus. Classification of this variant

was based on only two stands, and inferences about the

structure and composition are therefore limited.

Type D: Salinonberry Community. This community,

corresponding to the western hemlock/salmonberry
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community, CHS4-21, of Hemstrom and Logan (1986) occurs on

or near flat terraces or streambottoms under middle-aged

stands of red alder (Table 3.4). These sites are

productive, as indicated by high site index values.

Although varying in absolute abundance front site to site,

salmonberry forms a fairly continuous subcanopy that

characterizes the community. Other shrubs are virtually

excluded, and swordfern is much less abundant than in all

other community types (Figure 3.15). Shade-tolerant herb

species commonly form a carpet on the forest floor.

The low elevation variant, Dl, is readily

distinguished front other low elevation communities by the

dense thicket of tall salmonberry shrubs and complete

absence of vine maple. Swordfern tussocks are scattered

beneath the salmonberry, and occasional red elderberry are

observed (Figure 3.15). The ground layer is strongly

dominated by Toliniea ntenzjesji. Other herbaceous species

such as Mitella caulescens, Stachys inexicana, and Dicentra

formosa may be present, but diversity of herbs and grasses

is very low. The moss layer, conversely, is relatively

diverse, with seven of the eight key moss species present

on at least one of the representative sites. Total

abundance of mosses, however, is low. Only the ubiquitous

Kindburqia praelonqa and the ground-dwelling Plaqiomniuxn

insigne are likely to be seen by the casual observer.

A second variant, D2, develops along streams and on
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toe slopes at relatively high elevation in the eastern

portion of the study area (Figure 3.16). Colonization of

these sites after landslides resulted in a dense overstory

of tall, thin alders that experienced high mortality rates

during stand development. Salmonberry is the dominant

shrub, but it does not generally form the dense closed

canopy characteristic of the low elevation variant of this

community. Swordfern is relatively abundant and vine

maple, red elderberry, and red huckleberry are present on

some sites (Figure 3.15).

These moist sites support hydrophytic species not

found in other communities. Stink currant, Ribes

bracteosum, is commonly seen, and devil's club, Oplopanax

horriduin, occurs occasionally. Several moisture-loving

herbs are also found in this community. Golden carpet,

Chrysosplenium glechoinaefoljum, literally carpets the

ground on very wet streaxnbottom sites; streambank

springbeauty, Montia parviflora, spreads across rocks near

streams; and Oxalis trilijfolium is commonly found on

moist ground in streambottoms.

This community contains a variety of mosses,

including Plagionmium insigne and Rhytidiadeiphus loreus

in greater abundance than in most other communities

(Appendix B). Some tree regeneration was observed in

these stands, but germination and survival are restricted

by light levels and litter layers.
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Type E: Vine Maple Community. Under most stands of old,

senescing red alder and under several middle-aged alder

stands, vine maple is the dominant species. In this

community, swordfern frequently occurs as a codominant,

but salmonberry is distinctly subordinate though well

represented (Figure 3.15). Sites supporting this

community-type are located primarily at the western end of

the study area at relatively high elevation on steep

slopes (Figure 3.16). The community is easily recognized

by the abundance of vine maple in the understory.

In the midsiope variant, El, salmonberry is a

prominent component of the dense shrub layer dominated by

vine maple (Appendix B). This variant is most similar to

the western hemlock/salmonberry and vine maple community,

CHS4-22, described by Hemstrom and Logan (1986). This

variant occurs under middle-aged red alder on steep north-

to northeast-facing slopes and under senescing alder

stands in midsiope positions at high elevation. The

senescing alder are distributed in a strongly clumped

pattern, and many may have arisen by sprouting. There is

also evidence of logging and fire on most sites, and

scattered conifer stumps are visible. Hardwoods such as

bigleaf maple, Acer inacrophyllum, and bitter cherry,

Prunus emarginata, are present in many of these stands,

and occasional suppressed Douglas-fir are visible on most
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sites. The previous stand was apparently a mixture of

species, with Douglas-fir probably dominating but with

numerous hardwoods scattered throughout the overstory.

Low density, lack of recent mortality, and strong taper in

the overstory alder suggest that these stands were

initiated at low density, perhaps after selective logging

of Douglas-fir from the previous stand.

The El variant is characterized by a diverse array of

shrubs. Cascara, Rhamnus purshiana, is commonly seen, and

both red huckleberry and hazel achieve greatest abundance

in this community (Appendix B). Oregongrape, Berberis

nervosa, and red elderberry are also present in many

stands. The herbaceous and bryophyte layers, conversely,

are quite depauperate. Bromus vulqaris occurs on several

sites but none of the other key grass or herb species is

consistently present. Kindburqia praelonqa is moderately

abundant and Rhytidiadelphus loreus and Plaqiotheciuni

undulatum colonize down logs on some sites, but the total

cover of mosses is low.

The second variant of this community, E2, occurs at

high elevation under middle-aged and senescing alder on

upper slopes and ridgetops. This variant most closely

corresponds to the western hemlock/oregongrape community,

CHS1-2l, described by Hemstrom and Logan (1986). Stands

are dominated by an alder overstory that is structurally

similar to the midsiope stands but without the admixture
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of Douglas-fir and other hardwoods. Red alder are less

strongly clumped than in the midslope variant, relative

density and basal area are slightly greater, and trees

exhibit less taper. However, stand density and

productivity are similar in the two variants (Table 3.4).

There are three distinct layers in the understory of

this conununity. Vine maple forms a relatively dense

subcanopy under the red alder, with scattered individuals

of salmonberry, hazel, red huckleberry, and oceanspray,

Holodiscus discolor, present on some sites. Swordfern is

typically dominant beneath the vine maple, but

Oregongrape, Berberis nervosa, is well represented and

forms a dense low shrub layer on some sites. Beneath the

shrubs and ferns is a layer of herbs and mosses that

changes markedly during the growing season.

Throughout spring and early summer, Montia sibirica

is often abundant, but presence of this herb declines

during the summer. Maianthemum dilatatum maintains

prominence into late summer on some sites, but Oxalis

oreqana is the key species most characteristic of the

herbaceous layer (Appendix B). Both ground-dwelling and

epixylic mosses are found in abundance, with Kindburgia

praelonqa, Kindburqia oreqana, and Rhytidiadelphus well

represented on many sites. Saplings of shade tolerant

conifers were occasionally observed on woody material

(Table 3.4). In all cases where it was possible to core
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these trees, counts of annual rings confirmed that they

were the same age as the red alder overstory.

Patterns of Succession in Understory Communities.

The relative dominance of understory life forms

shifted as the alder overstory matured. Shrubs became

increasingly dominant in mature and senescing stands of

alder, whereas ferns were most abundant in middle-aged

stands and were the dominant component of juvenile stands

(age class 2 in Figure 3.5). Forbs were scarce under

young alder but became fairly abundant in mature and

senescing stands (age classes 3 through 5 in Figure 3.7).

Grasses and sedges were well represented in middle-aged

stands but not in young or old stands (Figure 3.7).

Mosses were abundant in all except the youngest stands,

with ground-dwelling mosses most common in middle-aged

stands and epixylic mosses prominent in stands of

senescing alder (Figure 3.9). Most patterns were

qualitatively similar to trends reported by others

(Franklin and Pechanic 1968, Henderson 1970, Harrington

1968). However, grasses and herbs were less abundant in

young alder stands and more prominent in stands of mature

alder than reported by Henderson (1970).

Within life forms, shifts in relative importance of

species occurred as the overstory matured. For example,
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Rubus ursinus was the dominant shrub under young alder but

was entirely absent from the oldest stands (Figure 3.6).

Vine maple exhibited the opposite pattern, and several

species were most abundant in middle-aged stands (Figure

3.6). On the basis of previous studies, salmonberry was

expected to be more dominant than vine maple in mature and

senescing alder stands (Franklin and Pechanic 1968, Newton

et al. 1968, Henderson 1970). Vine maple was particularly

abundant on high elevation sites, which had not previously

been examined; on riverbottom sites salinonberry was

frequently dominant. Many herbaceous species achieved

peak abundance in old stands of alder, whereas others such

as Montia sibirica were present in stands of all ages

(Figure 3.8). Ground-dwelling moss species such as

Kindburqia praelonqa and Plaqiomniuin insigne were most

abundant in middle-aged stands, and epixylic mosses such

as Dicranuin scoparium and Rhytidiadeiphus loreus became

more important as the alder canopy matured and senesced

(Figure 3.10).

iJnderstory communities appeared to differentiate by a

variety of factors in addition to age of the alder

overstory. Three communities (swordfern-mixed shrub,

swordfern-salmonberry, and salmonberry) occurred primarily

under middle-aged stands of alder, but each of these

communities was also found under at least one stand of

overmature or senescing red alder. In fact, none of the
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communities was restricted to one age class of canopy

alder. Even the vine maple community, which was most

characteristic of senescing alder stands, was found in

several middle-aged stands. Conversely, the swordfern

community typically occurring under the youngest alder was

also found in several middle-aged stands (Table 3.4).

Several physical and biotic factors play a role in

determining the structure and composition of understory

communities on alder-dominated sites. Development of the

red alder canopy depends on site factors and on the

vegetation history and type of disturbance that initiated

the stand (see Chapter 2). Past and present canopy

structure appears to influence understory composition;

several community-types and variants were differentiated

by stand density, site index or height-to-diameter ratio

of the canopy trees. When dense stands of red alder

developed after disturbance, density-dependent mortality

occurred early, providing substrate for mosses, but light

levels in the understory were low, inhibiting herbs,

grasses, and shrubs. Conversely, when colonization of the

disturbed site by alder was sparse, understory communities

developed more rapidly, and shrubs became abundant.

Distribution of overstory trees is also important. On

sites where alder was clumped, density was generally very

low, and large areas between trees were available for

understory development. These sites were typically
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dominated by vine maple or salmonberry.

Major structural differences between understory

communities, and particularly between variants, appeared

to relate most closely to elevation, physiographic

position, and slope. Age of the alder overstory is also

an important factor in understory development, but most

communities can be found under a wide range of alder age

classes. This suggests that several successional paths of

understory development may coexist in the study area, and

that convergence to a single community under mature alder

does not occur. Apparently, most newly disturbed sites

are characterized by a depauperate understory, with

swordfern gaining dominance under juvenile alder canopies.

Then, however, there is a divergence in understory

composition: midslope and upper slope sites at high

elevation become dominated by vine maple, while toe slope

and streambottom sites become dominated by salmonberry.

Midsiope sites on relatively steep terrain are

characterized by a mixture of shrubs, with an increasingly

dominant shrub component as the alder stand matures and a

swordfern component that declines in importance. Herbs,

grasses, and mosses also decline in importance in

senescent alder stands, probably because of the dense

subcanopy of vine maple or salmonberry.



Tree Regeneration under Red Alder

Although conifer seed sources were readily available

- at most sites, established seedlings were extremely rare

under the alder canopy. On the vast majority of plots, no

seedlings were recorded on the four regeneration

transects. Seedlings of red alder and other hardwood

species were no more abundant than those of conifers. Red

alder seedlings are apparently susceptible to a variety of

problems under an intact canopy, including low light

levels, disease, herbivory, and physical damage from leaf

litter (Kenady 1978, Haeussler 1988). Although I did not

examine the causes of mortality in alder or other tree

seedlings, circumstantial evidence suggests that abundance

of living vegetation as well as leaf litter and other dead

organic matter presents a physical barrier to germination

(Haeussler 1988 and personal observation). I also saw

evidence of rodent activity at most sites. Presumably,

many of the same factors are involved in inhibiting

germination and establishment of hardwood and conifer

seedlings.

Small, suppressed western redcedar and western

hemlock seedlings and saplings were observed on several

plots, generally growing from down logs or on large

stumps. All trees from which increment cores could be

extracted were approximately the same age as the overstory

143
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alder. Persistence of shade-tolerant conifers has been

reported in other alder-dominated stands (Franklin and

Pechanic 1968). On a few sites, I observed Douglas-fir

saplings that had also established concurrently with the

red alder. In addition to being less common than redcedar

and hemlock saplings, Douglas-fir individuals generally

appeared to be less vigorous.

Absence of tree regeneration under the alder canopy

raises questions about the subsequent stages of succession

after red alder has senesced. On the many sites where

neither seedlings nor saplings were observed, it is

natural to ask whether trees will dominate the site once

the alder canopy has deteriorated (Franklin and Pechanic

1968, Newton et al. 1968).

Results from this study suggest that sites in upper

slope positions, particularly on steep slopes, will

succeed to vine maple, and sites on toe slopes and in

bottomlands will succeed to salmonberry. In either case,

but particularly on the sites dominated by vine maple,

shade-tolerant conifer saplings persisting under the alder

canopy may be released after senescence of the red alder

to form a broken conifer canopy. On sites with large

expanses of alder, however, few conifer saplings are

present in the understory. In such cases, long-term

domination by salmonberry or vine maple appears likely.



Overstory-Understory Interactions

Many complex interactions are possible between

species in a community that attain different sizes as

mature adults. The critical interactions between a

species of small stature, such as an understory herb or

shrub, and a much larger species, such as a tree, may

occur between juveniles of the larger species and mature

adults of the smaller species (Werner and Gilliam 1984).

Overstory-understory interactions are undoubtedly very

common because dominant species must recruit through

smaller size-classes. Juvenile animals are often at a

competitive disadvantage in such situations due to

morphogenetic constraints imposed by ongoing development

of mature structures that are imperfectly suited for

efficient competition as a juvenile (Werner 1977).

Similarly, tree seedlings are often poor competitors

against grasses, herbs, and shrubs. Shrubs, in

particular, are able to dominate a site and exclude tree

regeneration for extended periods (Niering and Egler 1955,

Niering and Goodwin 1974, Zavitkovski et al. 1969).

In senescing stands of red alder, the tree canopy

becomes broken and sparse. Reduced light levels in the

understory and accumulations of leaf litter and other

debris, factors that apparently inhibit tree regeneration,

are due primarily to the understory vegetation. It is

145
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likely that availability of water and nutrients is also

restricted due to uptake by dense understory vegetation.

In short, understory vegetation plays a critical role in

the community dynamics of sites within the study area

through its effects on regeneration success of the

dominant trees.



Chapter 4

SUMMARY

Stand Development

Disturbance is essential for regeneration of red

alder in the central Oregon Coast Range, and the recent

expansion of alder in the Pacific Northwest appears to be

directly related to extensive logging activity. Timber

harvesting has resulted in large areas of scarified soils

suitable for germination of red alder. Although the

frequency, and to some extent the type, of disturbance

affect initial density and spatial pattern of regenerating

alder, disturbance type does not influence the development

of stand structure.

Site factors such as physiographic position, slope,

and elevation appear to be more important determinants of

stand structure than disturbance type. Although the

effects of site factors were often interrelated, several

consistent trends and patterns were noted. Red alder

achieved maximum height on lower slopes and in bottomland

sites but developed maximum basal area on relatively steep

midslope sites. These patterns were not statistically

significant, however.
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Numerous stands of mature and senescing red alder

were found at high elevation in the Coast Range,

indicating that the species was not entirely limited to

toe slopes and streainbottoms before the era of timber

harvesting.

Red alder stands in the study area exhibited classic

self-thinning, with most mortality concentrated in the

smallest size classes. Density-dependent mortality

occurred predictably in stands above a threshold density

level but only occasionally in stands below the threshold.

Aggregated distribution patterns and north and east slopes

were generally associated with low relative density

values.

Diameter distribution patterns evolved from a

reverse-J shaped curve in young stands to a skewed normal

distribution in middle-aged stands to a multimodal

distribution in mature and senescing stands. Such

patterns typically reflect one-sided competition for

light, as dominants have an adverse effect on subordinates

but are not strongly affected by the smaller trees (Ford

1975, Ford and Diggle 1981). Size distribution patterns

developed early, suggesting that size hierarchies in red

alder within the study area result primarily from

differential growth potential at the time of germination

(Kirkpatrick 1984). Superior potential probably results

from a combination of genotype effects and favorable
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microsite conditions. As alder stands matured, the

difference between smallest and largest individuals

increased, suggesting that larger trees were expressing

dominance in the form of superior competitive ability.

Understory Community Dynamics

Shifts in dominance of life forms and of key species

occurred as the alder canopy matured. Grasses, sedges,

and ferns, particularly swordfern, reached peak abundance

in middle-aged stands; shrubs tended to increase in

importance in old stands; and herbs and mosses were well

represented in all but the youngest stands. Young stands

supported very little understory vegetation, probably

because of the low light levels under the dense alder

canopy. Senescent stands, on the contrary, were

characterized by a relatively sparse alder overstory with

a dense subcanopy of one or two dominant shrub species.

Vine maple generally dominated the understory of old alder

stands on high elevation sites, whereas salmonberry was

typically most abundant under alder at low elevations.

One or two herbaceous species were often abundant beneath

the dense shrub layer, and epixylic mosses were commonly

seen when large down woody material was available.



Tree Regeneration

TJnderstory vegetation associated with pure, even-aged

stands of red alder appears to inhibit establishment of

later successional doininants. In fact, established

seedlings of Douglas-fir and other conifers were so seldom

observed that statistical treatment of seedling samples

was impossible (Table 3.4). No patterns relating to site

characteristics or disturbance regime were evident, and

there was no apparent relation between stand structure and

tree regeneration. In the majority of stands, mature

Douglas-fir trees were growing within 100 m of the

macroplot. Therefore, lack of seed was probably not the

primary factor limiting Douglas-fir regeneration. Western

hemlock and western redcedar, however, may have been

limited in some cases by scarcity of reproductive

individuals near the study site.

Seed germination of both Douglas-fir and red alder is

inhibited under shaded conditions (Fowells 1965, Kenady

1978, Haeussler 1988). Nevertheless, Douglas-fir and red

alder germinants were fairly numerous in some young alder

stands. These stands had very little understory

vegetation and litter, and patches of bare mineral soil

were usually evident. Established Douglas-fir and red

alder seedlings, however, were not observed in the

understory on any of the 44 study sites, leading me to
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conclude that germinants of these species are unable to

survive under the alder canopy. Several causes of

mortality have been reported: seed predation by rodents,

damping-off fungus, rain splash, soil movement,

competition from herbs and grasses, low light levels,

summer drought, and the smothering effect of leaf litter

generated by the alder and by understory vegetation

(Newton et al. 1968, Haeussler 1988).

Post-Alder Succession

A variety of agents play a direct role in the

inhibition of tree regeneration under red alder.

Understory vegetation is particularly important. The

interaction between overstory and understory represents a

recruitment bottleneck, whereby mature understory

vegetation suppresses juvenile members of the dominant

life form through superior competitive ability and mere

physical presence (Werner and Gilliam 1984). In

communities dominated by red alder, as in many other

natural communities, this phenomenon has important long-

term consequences.

On the basis of patterns observed on the 44 sites

dominated by red alder, the next successional stage, in

the absence of further disturbance, will apparently be

dominated by vine maple or salmonberry. On some sites,
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western hemlock, western redcedar, and occasional Douglas-

fir may be released when the alder canopy breaks up to

form a poorly stocked conifer stand. In general, though,

extensive stands of red alder, if allowed to reach

maturity, will eventually be replaced by shrubs rather

than trees. No tree species appears capable of

successfully regenerating under an intact alder canopy or

under the sparse and discontinuous canopy of senescing

stands.
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Appendix A. Site and stand characteristics of the 44
study sites. Variables and units of measure are: Plot
number; Age of the overstory in years; Elevation in
meters; Physiographic position, coded from 0 (ridge) to 5
(bottomland) (Harrington 1986); Aspect expressed as arc-
cosine transformation, coded from 0.0 on southwest slopes
to 2.0 on northeast slopes; Slope in percent; Distance
from the Pacific Ocean coastline in kin; Logging activity,
Fire, Slide, and Ravel, all coded 0 for no evidence on the
site and 1 for evidence of past or present activity;
Stumps, coded 0 for no evidence of conifer stumps, 1 for
few stumps, and 2 for numerous stumps, indicating
domination by conifers before the present alder stand;
Pattern, coded 0 for strongly aggregated, meaning more
than 75 % of all canopy alders growing in clumps, coded 1
for mixed, and coded 2 for random or regular distribution
of overstory trees; RDI is the relative density index
value, based on a maximum stand density index value of
1125 for the study area; Comm. Type is the community-type
and variant to which the plot was assigned; Density of
live red alder taller than 1.4 in. expressed as trees per
ha; Recent mortality in terms of standing dead trees per
ha.; Basal area of overstory red alder in m'2 per ha;
Height of dominant trees in meters; Height-to--diameter
ratio in m/cm; Site index based on an index age of 50;
Regeneration observed on belt transects, coded 1 = red
alder, 2 = Douglas-fir, and 3 = western hemlock or western
redcedar.
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Plot Elev
Age Posn

Aspect
Slope

Dist Fire Ravel Pattern
Logging Slide Stump RDI

3. 39 90 4 1.00 15 29 1 0 0 0 1 1 50
2 33 90 4 1.26 25 29 1 0 1 0 1 1 71
3 39 120 3 1.05 25 29 1 0 0 0 2 2 72
4 32 90 3 1.84 44 19 1 1 0 1 1 2 70
5 32 110 2 1.39 78 19 1 1 0 1 2 2 86
6 31 120 3 1.97 50 27 1 0 0 0 2 2 91
7 20 290 3 1.05 64 45 0 0 0 1 0 2 75
8 50 230 5 0.81 7 43 0 1 1 0 2 1 73
9 22 300 5 0.05 5 43 0 0 1 0 2 2 70

10 36 30 3 1.82 72 18 1 0 0 1 2 1 61
11 3.2 30 4 1.39 6 18 1 0 0 0 2 2 88
12 7 290 2 0.00 53 14 1 1 0 0 2 2 49
13 18 370 2 0.58 45 45 0 0 0 1 0 2 73
14 29 290 4 1.71 20 43 1 0 0 0 1 2 63
15 78 340 1 0.78 30 14 0 1 0 0 2 0 57
16 11 340 0 1.09 18 14 1 0 0 0 2 1 75
17 78 340 2 0.18 48 14 0 1 0 0 2 2 75
18 30 320 3 0.16 30 43 1 0 0 0 2 2 69
19 8 230 0 1.00 0 19 1 0 0 0 1 1 60
20 87 300 3 0.81 72 18 0 0 0 0 0 2 74
21 51 260 2 1.39 46 19 0 1 0 0 2 2 98
22 28 270 4 1.92 25 45 1 0 1 0 2 2 68
23 21 400 4 1.75 16 45 1 1 1 0 2 2 58
24 75 270 2 1.34 25 19 1 1 0 0 1 0 30
25 87 350 1 2.00 50 18 1 1 0 0 2 1 42
26 31 150 3 0.95 68 26 1 1 0 1 2 2 85
27 19 400 3 2.00 74 45 1 1 0 1 2 2 62
28 36 170 3 1.98 57 26 1 1 0 0 2 2 72
29 27 150 3 1.97 35 26 1 0 0 0 2 2 75
30 33 290 4 1.71 15 29 1 0 1 0 2 2 78
31 33 340 1 0.02 65 29 1 0 0 0 2 1 84
32 24 210 3 1.91 60 37 0 0 1 0 2 2 59
33 40 200 5 1.00 0 37 1 1 0 0 2 2 61
34 32 230 3 1.97 55 35 1 1 0 0 2 2 58
35 75 350 3 0.74 92 18 0 1 0 0 2 0 60
36 30 300 4 1.36 20 37 1 0 0 0 2 2 66
37 30 150 4 1.78 25 29 1 0 0 0 2 2 60
38 35 180 3 0.71 62 26 0 0 1 1 1 1 75
39 31 240 3 0.74 30 16 1 1 0 0 2 2 71
40 28 30 4 1.00 0 21 0 0 1 0 0 2 65
41 20 180 4 0.04 13 31 1 0 0 0 2 1 70
42 29 90 5 1.00 0 34 0 0 0 0 0 2 81
43 86 350 1 2.00 65 19 1 1 0 0 2 2 55
44 86 370 2 1.82 58 26 0 1 0 0 1 2 59
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Plot Comm. Trees! Dead! DBH Basal Ht Ht/DBH Site Reg
- Type Ha Ha Area Ratio Index

1 Dl 480 0 27.5 28.16 26.3 78 29.2 0
2 C2 1500 350 16.9 33.84 23.4 105 28.]. 0
3 Cl 980 80 22.2 37.73 26.1 83 29.0 0
4 B1 1050 180 20.9 35.93 24.0 81 29.3 0
5 B]. 2000 150 15.9 39.92 19.9 84 24.3 0
6 Cl 1450 300 20.1 46.02 24.5 92 30.4 0
7 A 3400 900 10.5 29.63 16.4 98 26.0 0
8 D2 720 270 27.2 41.74 28.9 76 28.9 0
9 D2 2350 850 12.6 27.63 20.3 114 30.4 1

10 El 1500 150 15.3 27.72 20.4 83 23.5 0
11 A 8300 6700 6.6 28.20 13.7 111 30.7 0
12 17200 0 2.9 11.64 7.3 117 24.8 1
13 A 8000 3300 6.0 22.92 11.5 98 19.5 0
14 A 1400 400 16.3 29.22 21.4 94 27.5 0
15 E2 260 10 43.8 39.48 26.0 46 22.4 3
16 A 15300 2800 4.1 19.85 9.7 93 23.1 0
17 El 340 0 44.3 52.08 25.6 44 22.0 0
18 E2 1150 150 19.5 34.25 27.3 103 34.4 0
19 15600 8800 3.5 15.30 9.6 137 29.3 2
20 Bi 370 100 41.5 49.57 0
21 A 800 30 30.6 58.85 27.7 70 27.5 0
22 D2 1150 100 19.4 34.16 27.6 104 36.1 0
23 Cl 1250 400 16.6 24.87 21.4 93 32.9 0
24 El 90 0 56.5 22.57 25.1 36 21.8 0
25 Cl 200 10 42.6 28.54 28.1 57 23.4 0
26 A 1350 400 20.2 43.12 21.2 82 26.3 0
27 E2 1350 750 16.5 28.86 19.3 87 31.6 3
28 El 920 200 23.1 38.86 25.9 84 29.8 0
29 Bl 1150 100 20.6 38.37 22.7 83 30.3 0
30 B2 900 120 24.7 43.18 25.1 74 30.2 0
31 E2 1130 80 22.4 44.11 24.5 75 29.4 0
32 C2 1500 450 15.1 26.94 20.6 89 29.3 0
33 B2 650 180 25.9 34.35 25.3 72 27.8 0
34 El 600 0 26.3 32.71 25.5 73 31.1 0
35 El 280 0 43.3 41.64 28.8 57 25.0 0
36 B2 900 220 22.1 34.66 24.8 79 31.3 0
37 Cl 680 80 24.9 32.81 25.6 74 32.3 0
38 A 880 120 24.3 40.65 24.1 71 28.1 0
39 B]. 1050 200 21.0 36.42 26.2 89 32.5 0
40 Dl 1080 80 19.6 32.39 24.6 85 32.2 0
41 A 2500 2400 12.1 28.62 16.6 93 26.3 0
42 Dl 1750 350 16.6 37.70 24.1 99 30.9 0
43 E2 280 0 41.0 37.37 25.0 48 20.9 0
44 E2 330 20 38.7 39.13 28.5 62 23.8 0
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Appendix B. Abundance of 38 key species in nine variants
of five understory communities under natural red alder
stands in the central Oregon Coast Range. Top value is
mean cover in percent and bottom value is standard error.

Comm. A Bl B2 C]. C2 Dl D2 El E2

Plots 9 5 3 5 2 3 3 6 6

Shrubs and Ferns

ACCI 3.9 19.0 27.3 11.6 2.0 0.0 4.0 55.5 59.5
3.2 12.0 4.9 6.9 2.0 0.0 4.0 16.0 16.0

BENE 0.0 0.4 0.0 0.0 0.0 0.0 0.0 2.2 10.2
0.0 0.4 0.0 0.0 0.0 0.0 0.0 1.1 6.4

COCOC 0.9 2.8 2.7 0.0 0.0 0.0 0.0 4.0 2.3
0.9 2.8 2.7 0.0 0.0 0.0 0.0 2.7 2.3

GASH 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5
0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5

HODI 0.1 0.0 0.3 0.0 0.0 0.0 0.0 0.3 1.0
0.1 0.0 0.3 0.0 0.0 0.0 0.0 0.3 1.0

POMU 35.2 58.6 50.0 52.2 70.0 16.7 18.0 48.7 34.7
9.3 8.7 6.2 7.6 3.0 3.3 10.1 10.6 10.8

RHPU 0.6 0.0 0.0 0.0 0.0 0.0 0.0 5.0 0.0
0.4 0.0 0.0 0.0 0.0 0.0 0.0 3.2 0.0

RIBR 0.0 0.0 0.0 0.8 1.0 0.0 6.7 0.0 0.0
0.0 0.0 0.0 0.5 1.0 0.0 5.7 0.0 0.0

RUPA 1.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.9 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

RUSP 3.8 24.8 16.0 40.4 48.5 69.7 34.7 31.2 5.0
2.7 5.9 8.0 12.9 5.5 20.4 21.1 13.5 5.0

SARA 0.3 1.0 7.0 1,8 4.5 2.3 3.3 1.5 0.0
0.3 0.6 3.6 1.8 0.5 1.2 3.3 1.3 0.0

VAPA 0.0 0.2 1.0 3.2 0.0 0.0 2.3 4.2 1.8
0.0 0.2 1.0 3.0 0.0 0.0 1.5 1.4 1.8
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Comm. A Bi B2 C]. C2 Dl D2 El E2

Herbs

ASCA3 0.0 0.5 0.0 0.1 0.0 0.0 0.0 0.0 t
0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DIPU 0.3 0.1 0.0 t 0.0 0.0 0.0 0.2 t
0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.0

DISM 0.1 0.0 0.0 t 0.0 0.0 0.0 0.0 0.4
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

MICA3 0.1 0.2 t t 0.0 1.7 2.2 0.0 t
0.1 0.2 0.0 0.0 0.0 0.9 2.0 0.0 0.0

OXOR 0.1 0.0 0.1 5.1 2.8 0.0 5.0 0.1 4.6
0.1 0.0 0.1 1.6 2.8 0.0 4.4 0.1 1.3

TEGR t 0.3 0.0 0.0 0.0 0.0 0.0 t t
0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

THOC 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 t
0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0

TOME 0.0 0.1 0.0 0.0 0.8 16.0 6.0 0.0 0.0
0.0 0.1 0.0 0.0 0.6 8.1 1.9 0.0 0.0

TRLA2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 t 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

URDI t 0.0 0.3 0.0 0.0 0.2 0.5 0.0 0.0
0.0 0.0 0.3 0.0 0.0 0.1 0.5 0.0 0.0

VIGL t 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.2
0.0 0.1 0.0 0.]. 0.0 0.0 0.1 0.0 0.1

Grasses and Grasslike Plants

BRVU 1.0 1.4 3.3 0.1 0.0 0.0 1.2 0.4 0.4
0.5 0.4 1.6 0.1 0.0 0.0 0.6 0.2 0.2

CADE 0.2 0.2 1.6 0.0 0.2 0.9 0.5 0.2 0.1
0.1 0.]. 1.4 0.0 0.2 0.8 0.5 0.2 0.0
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CAHE 0.2 0.0 0.4 0.0 0.0 0.0 0.0 0.0 t
0.2 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0
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Comm. A Bi B2 C]. C2 Dl D2 El E2

FESU 0.2 0.2 0.3 0.0 0.0 0.0 0.2 0.1 0.0
0.1 0.1 0.2 0.0 0.0 0.0 0.2 0.1 0.0

HOLA 0.1 t 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

LUPA 0.0 t 0.1 0.0 0.0 0.0 0.0 0.1 0.1
0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1

MESU 0.1 t 0.0 0.0 0.0 0.0 0.0 t 0.0
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mosses

AULAN t t 0.0 t 0.0 t t 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DICSC 0.1 0.2 0.0 0.]. 0.1 0.2 0.1 0.1 0.1
0.0 0.1 0.0 0.0 0.0 0.2 0.1 0.0 0.1

KINPR 7.2 5.6 9.0 4.7 3.2 1.7 10.6 5.0 2.4
2.6 1.9 2.6 0.9 3.0 1.3 5.0 1.6 0.9

LEUME 0.0 t 0.1 0.0 0.0 t 0.1 t t
0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0

PLAIN t 0.5 0.1 0.1 0.0 0.7 1.2 0.1 0.0
0.0 0.2 0.1 0.]. 0.0 0.7 0.3 0.1 0.0

PLAUN 0.1 0.2 t 0.5 0.0 0.1 0.3 0.3 0.4
0.0 0.2 0.0 0.3 0.0 0.1 0.3 0.1 0.3

PHIGL t 0.2 0.1 0.3 0.4 0.2 0.4 0.1 0.1
0.0 0.2 0.1 0.2 0.4 0.2 0.1 0.1 0.1

RHYLO 0.1 1.0 0.2 0.4 0.8 0.0 1.9 0.8 2.7
0.1 0.4 0.2 0.2 0.3 0.0 0.6 0.4 1.4




