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Abstract approved 
s 

Forest associations, secondary succession, and relationships 

of plant communities to Roosevelt elk were investigated. Stratifica- 

tion of vegetation into ecological units and an understanding of second- 

ary succession by habitat -type were a necessary first step in inves- 

tigations into browsing of conifers by elk. The study was jointly con- 

ducted by the Oregon State Game Commission and the Weyerhaeuser 

Company. 

Vegetation, soils, and physiography were studied together. 

Vegetation cover data, recorded in thirty -two, 275 to 500 - year -old 

forest stands, formed the basis of a synecological classification. 

Lightspots are a natural component of these forests. The dense 
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forest and a lightspot were separately sampled in each stand. Light - 

spot cover data were analyzed separately in an association table. 

Lightspot data were compared with dense forest data to check validity 

of the phytosociological classification. This approach increased 

phytosociological understanding of these forests. 

The climax dominant tree and shrub and herb layer species 

with highest cover are used in naming the following associations 

(in order of increasing xerism): 

Thuja /Adiantum -Athyrium 

T suga/ Polystichum /Oxalis 

Tsuga /Acer /Berberis 

Tsuga -Pseudotsuga/ Rhododendron /Berberis 

P s e udot suga / Holodi s cus / Gaulthe r ia. 

The exceptions are Adiantum pedatum and Athyrium filix -femina, 

high constancy, low cover, indicator species, used in naming the 

Thuja /Adiantum -Athyrium association. Polystichum munitum and 

Oxalis oregana dominate the herb layer of this association. Asso- 

ciations will be referred to in the abstract by a two -part name. 

The Adiantum -Athyrium association has the following addi- 

tional indicator species: Blechnum spicant and Marah oreganus. 

Stands usually occur near the bottoms of lower elevation canyons. 

The moist, stony, Slickrock soil series underlies most stands. 

The Polystichum /Oxalis association is the most widespread 



and variable community studied. Tiarella trifoliata has high indicator 

value for this association. The presence of any one of Stellaria 

crispa, Montia sibirica, Dicentra formosa or Athyrium filix -femina 

in lightspots effectively differentiates stands of this association from 

related ones of the Acer /Berberis association. Stands frequently oc- 

cur on lower and middle slopes and are usually underlain by the 

Matson or Apt soil series. 

In the Acer /Berberis association, Acer circinatum has high 

cover only in lightspots. Most stands are found on the Millicoma 

or Matson soil series. Stands occur on lower and middle slopes. 

Stands of the Rhododendron /Berberis association usually 

occur on south- facing, upper slopes and ridgetops where high winds 

frequently cause blowdown. The resultant large openings allow re- 

generation of Pseudotsuga menziesii. Rhododendron macrophyllum 

has low cover in the dense forest but high cover in lightspots. 

Allotropa virgata, a low constancy (saprophyte), has high fidelity to 

the association. The Millicoma, Matson or Ivers soil series under- 

lie most stands. 

The Holodiscus /Gaultheria association has the following high 

fidelity species: Philadelphus lewisii, Symphoricarpos mollis, Madia 

gracilis, Hierochloe occidentalis, Ligusticum apiifolium, and 

Lonicera hispidula. This is the only association studied in which the 

lightspot phenomenon was not important. With the exception of 



Pseudotsuga menziesii regeneration, understory vegetation did not 

increase in cover when the tree canopy was removed. Stands usually 

occur on south -facing, upper slopes and ridgetops. The Digger or 

Agony soil series are associated with most stands. 

The successional influence of soil- surface disturbance caused 

by logging was studied in 1 to 15- year -old stands of the Polystichum/ 

Oxalis and Rhododendron /Berberis habitat -types. In the Polystichum/ 

Oxalis habitat -type, the vegetative dominants by years since logging 

are: Senecio sylvaticus- -first year; Deschampsia elongata- -years 

2 to 4; Aira caryophyllea, Rubus ursinus, Hypochaeris radicata and 

Crepis capillaris share dominance --years 5 to 9; Hypochaeris 

radicata and Pteridium aquilinum share dominance --years 10 to 15. 

Pseudotsuga menziesii increased to 16 percent cover in the 10 to 15- 

year period. Disturbed areas of the Rhododendron /Berberis habitat - 

type have more than 65 percent bare ground for two years after 

logging. The vegetation dominants by years are: Deschampsia 

elongata- -years 3 to 4; Hypochaeris radicata and Rubus ursinus -- 

years 5 to 7; and Pseudotsuga menziesii --years 8 to 15. Other high 

cover species in the 8 to 15 -year period are Thermopsis montana, 

Rubus ursinus, and Pteridium aquilinum. 

Selected stages in secondary succession were studied from 

one year after logging to climax in the two most important habitat - 

types. In the Polystichum /Oxalis habitat -type, Pseudotsuga menziesii 



is the serai tree dominant but is replaced by Tsuga heterophylla in 

climax. The tall shrub Acer circinatum has high cover in those serai 

stages with a comparatively open tree canopy. The herb layer is 

dominated throughout secondary succession by Polystichum munitum 

and Oxalis oregana. The tree layer of serai stands of the 

Rhododendron /Berberis habitat -type is dominated by Pseudotsuga 

menziesii. Either Tsuga heterophylla or Pseudotsuga menziesii 

dominate near - climax stands. The shrub layer dominant is 

Rhododendron macrophyllum throughout secondary succession. It 

has low cover in the dense forest but high cover in lightspots of near - 

climax stands. Berberis nervosa has nearly constant coverage 

throughout secondary succession in the Rhododendron/ Berberis 

habitat -type and is the herb layer dominant in near - climax stands. 

Herb layer dominants in early serai stages are: Senecio sylvaticus -- 

year 1; Erechtites prenanthoides - -year Z; Rubus ursinus and 

Gaultheria shallon- -years 4 -15. 

Classification and recognition of habitat -types are possible 

throughout secondary succession from logging to climax on the basis 

of the same indicator species. The dominance level of some species 

changes with seral stage, but the change is predictable. 

Preferred elk food is about twice as abundant in the 

Polystichum /Oxalis as the Rhododendron /Berberis habitat -type. 

Nutritious, preferred elk food is most available in the 4 to 9 -year 



period of secondary succession. Present logging methods which 

leave a mosaic of intermingled disturbed and undisturbed areas 

create a habitat beneficial to elk. The animals forage on disturbed 

areas for preferred invader species and on adjacent undisturbed 

areas for forest remnant species. 
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FOREST ASSOCIATIONS AND SECONDARY PLANT 

SUCCESSION IN THE SOUTHERN OREGON COAST RANGE 

INTRODUCTION 

One of the greatest potential advances in basic ecology, wild- 

life management, and forestry in western Oregon can be made by 

developing a better understanding of the synecology in the Oregon 

Coast Range. An intensification in management of these forest lands 

requires an accompanying intensification in the understanding of their 

ecology. The highly informative and useful results obtained by 

Spilsbury and Smith (1947) and Becking (1954) have stimulated interest 

in further synecology research. 

Plant community studies can add to the store of knowledge 

about these forests because plants are indicators (phytometers) of 

their effective environment. A landscape consists of a number of 

environments occurring as a complex mosaic. In the mosaic, plant 

species grow in the environments to which they are adapted. Species 

that have similar ecological amplitudes tend to occur together as 

recognizable plant communities. Thus, each plant community is 

distributed across the landscape in response to patterns of effective 

environment. Communities provide a biological stratification of the 

effective environment and studies of them in relation to soil and 

physical features can contribute greatly to the understanding of the 
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natural forest resource. 

The Oregon State Game Commission is a pioneer in the appli- 

cation of phytosociology studies to wildlife research. Favorable 

results obtained by using seral plant communities as stratification 

units in a deer - habitat study in the northern Oregon Coast Range 

(Bailey, 1963; Crouch, 1964; Miller, 1965) encouraged the Commis- 

sion to support the investigation reported in this dissertation. 

The study area is the Weyerhaeuser Company's 265,000 acre 

Millicoma Tree Farm which straddles the southern Oregon Coast 

Range. The tree farm lies in eastern Coos and western Douglas 

Counties, Oregon. Parts of Ranges 7, 8, 9, 10, and 11 west, and 

Townships 23, 24, 25, and 26 south, Willamette Meridian, are in- 

cluded. A point of 430451 north latitude and 123070 west longitude 

falls approximately in the center of the study area. 

The Weyerhaeuser Company has been logging this area since 

1949. The seral vegetation which follows logging is preferred habitat 

for Roosevelt elk (Cervus canadensis roosevelti Merriam). High 

elk populations have resulted in some browsing of Pseudotsuga 

menziesii regeneration. 

The Oregon State Game Commission and Weyerhaeuser Com- 

pany have undertaken a joint research project aimed at obtaining a 

better understanding of the relationship between Roosevelt elk and 

young Pseudotsuga menziesii. The three avenues of investigation 
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emphasized to date are: (1) biology and ecology of the Roosevelt 

elk, (2) extent and nature of Roosevelt elk browsing of young 

Pseudotsuga menziesii and associated habitat factors, and (3) syne- 

cology of the study area. Only the results of the synecology study 

are reported here. 

The objectives of the synecology study were to: 

(1) Describe and characterize forest associations in 

climax or near - climax stands. 

(2) Describe plant successional change for selected 

habitat -types throughout secondary succession 

from the pioneer stage to climax. 

(3) Describe the influence of soil- surface disturbance 

on secondary plant succession. 

(4) Attempt to evaluate the relationship of the seral 

vegetation distribution patterns to the Roosevelt 

elk use patterns. 

The taxonomic nomenclature of plants follows Hitchcock (1950) 

for the grasses. Hitchcock et al. (1955, 1959, 1961, 1964) are re- 

ferred to for all higher plants covered in the four parts. For the 

remaining species, Munz (1959) is followed. 
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LITERATURE REVIEW 

Plant Communities in the Oregon Coast Range 

There are relatively few studies of forest plant communities 

in the Oregon Coast Range. Considering the economic importance 

of these forests, there is a sizable gap in knowledge about their 

synecology. 

Spilsbury and Smith (1947) studied plant communities in 

second -growth Pseudotsuga menziesii forests on Vancouver Island 

and to a lesser degree in western Washington and Oregon. The five 

forest site types (plant communities) described by these authors on 

the basis of understory dominants are: 

1. Polystichum 

2. Polystichum-Gaultheria 
3. Gaultheria 
4. Gaultheria-Parmelia 
5. Gaultheria-Usnea. 

Dirks -Edmunds (1947) studied what she called a biotic corn- 

munity on Saddle Mountain, northeastern Lincoln County, Oregon. 

The writer referred to the community as a Pseudotsuga menziesii - 

Tsuga heterophylla forest which is a late subclimax stage of the 

Thuja -Tsuga association . From the vegetation description, this 

community resembles the Polystichum -Gaultheria community de- 

scribed by Spilsbury and Smith (1947). Because of the mountainous 
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relief in the study area of Dirks -Edmunds, a mosaic of vegetation 

probably occurs rather than the single community described. 

Merkle (1951) described plant communities on Mary's Peak 

in Benton County. The four communities described are listed below: 

1. Grassland (meadow) 

2. Pseudotsuga menziesii 
3. Pseudotsuga menziesii-Abies nobilis 
4. Tsuga heterophylla-Abies nobilis-Pseudotsuga 

menzie sii. 

The grassland (meadow) community is on the top of the mountain and 

is codominated by Festuca idahoensis, Agrostis diegoensis and 

Carex californica. The Pseudotsuga menziesii community has 

Pseudotsuga as the climax dominant. Tsuga heterophylla or Abies 

nobilis are climax dominants in the other two communities. 

The most comprehensive phytosociology study of the forests 

of western Washington and Oregon was made by Becking (1954). He 

felt that climate was probably the most important environmental 

factor in the Pacific Northwest governing distribution of natural 

vegetation. Climatic subregions he recognized are (1) Fog Belt, 

(2) Lowland (i. e. , Puget Sound and Willamette Valley areas) , (3) 

Mountainous (Coast Range and middle elevations of the Olympic and 

Cascade Mountains), and (4) Alpine. The plant communities in the 

Pseudotsuga menziesii region of western Washington and Oregon 

were divided on the basis of understory dominants into the (1) 
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Polystichum munitum -Pseudotsuga menziesii and the (2) Gaultheria 

shallon -Pseudotsuga menziesii forest type groups. Each of these 

groups was, then, subdivided somewhat arbitrarily by climatic 

subregion. For example, the Polystichum - Pseudotsuga types are 

distinguished as the (1) Lowland type, (2) Montane type, (3) Sub - 

alpine type, (4) Wet type, (5) Willamette Valley type, (6) Fog Belt 

type, and the (7) Typical type (Vancouver Island). In all, Becking 

(1954) describes 14 Pseudotsuga menziesii forest types. Using his 

key (p. 119 -124), it appears that the following forest types are pro- 

bably found in the Oregon Coast Range: 

1. Asarum caudatum -Polystichum munitum 

2. Wet Polystichum munitum 

3. Subalpine Polystichum munitum 

4. Fog Belt Polystichum munitum 

5. Montane Polystichum munitum 

6. Lowland Gaultheria shallon 

7. Subalpine Gaultheria shallon. 

Nieland (1958) compared the species composition of a forest 

and adjacent burn area with certain environmental analyses in the 

northern Oregon Coast Range. Although she noted that shrub and 

herb layers varied widely in the forest, no plant community strati- 

fication was made. This writer made a superficial reconnaissance 

of the forest studied by Nieland which suggested the existence of two 

associations equivalent to the Acer circinatum - Corylus cornuta and 
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Vaccinium parvifolium /Gaultheria shallon associes described by 

Bailey (1963). In addition, there is another association in Neiland's 

study area dominated by Tsuga heterophylla, Abies nobilis, and 

Vaccinium membranaceum which is currently undescribed in the 

literature. 

Corliss and Dyrness (1961), using understory vegetation, 

described and mapped nine plant communities in the Alsea Basin: 

1. Pteridium aquilinum-Gaultheria shallon 

2. Gaultheria shallon 

3. Holodiscus discolor - Gaultheria shallon 

4. Acer circinatum-Gaultheria shallon 

5. Gaultheria shallon-Polystichum munitum 

6. Acer circinatum-Polystichum munitum 

7. Polystichum munitum 

8. Rubus spectabilis-Polystichum munitum 

9. Polystichum munitum -Oxalis oregana. 

No attention was paid to successional status. Some of the communi- 

ties are serai to others (Corliss and Dyrness, 1961). For instance, 

the Pteridium -Gaultheria community occurs on areas that have been 

subjected to repeated burning. This community can be the seral 

equivalent of a number of communities ranging from the Gaultheria 

shallon to the Acer circinatum -Polystichum munitum communities 

(Corliss and Dyrness, 1961). In addition, there is some evidence 

that the Gaultheria -Polystichum, Acer - Polystichum and Rubus- 

Polystichum communities might all be serai equivalents of the 
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Polystichum community (Corliss and Dyrness, 1961). 

Bailey (1963) described eight serai communities in the 

Tillamook Burn. They are: 

1. Alnus rubra /Polystichum munitum 
2. Alnus rubra -Acer circinatum 
3. Acer circinatum-Corylus cornuta 
4. Rubus parviflorus/Trientalis latifolia 
5. Pteridium aquilinum/ Lotus crassifolius 
6. Vaccinium parvifolium/Gaultheria shallon 
7. Acer macrophyllum/Symphoricarpos mollis 
8. Acer macrophyllum-Alnus rubra. 

Plant Succession in the Oregon Coast Range 

The changes in vegetation brought about by catastrophic dis- 

turbance are more obvious and dramatic than differences between 

two plant communities. Consequently, the earliest ecological 

studies and observations were oriented around unravelling the se- 

quence of events which take place during plant succession. 

Hofman (1920) noted that Pseudotsuga menziesii is a serai 

species, present only because of its ability to become established 

more rapidly than the climax dominants, Tsuga heterophylla and 

Thuja plicata. Twenty years later, Munger (1940) again emphasized 

that Pseudotsuga menziesii is a seral species. After five or six 

centuries, it is replaced by Tsuga heterophylla. Unlike Hofman 

(1920), Munger (1940) recognized that in areas too dry for Tsuga 
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heterophylla or Thuja plicata, Pseudotsuga menziesii could be the 

climax dominant. 

McArdle and Isaac (1934) sounded the alarm that Pseudotsuga 

menziesii forests were not becoming established after logging as 

they did under conditions following natural fire. They noted that 

brush species established too frequently. This was claimed to be 

chiefly the result of clear- cutting areas too large for natural reseed- 

ing to be possible. 

Isaac (1940) noted the important role that fire has always 

played in natural succession of this region. He observed that the 

ground -cover species present in the original forest and the extent 

to which they are killed by slash fire partially determines the extent 

to which invading colonies of weed and brush species appear in the 

succession that follows. Some of the original species persist and 

develop while others gradually die out. Isaac (1940) noted that 

numerous exotic species have come into the weed -brush stage in this 

region. They include, among others, Digitalis purpurea, Erechtites 

prenanthoides, Hypericium perforatum and a large number of 

grasses. 

Isaac (1940) reports the results of an eight -year study on 

fifteen areas in western Washington and Oregon, logged and slash - 

burned in 1926. His data (p. 719) reveal that Senecio sylvaticus 

was the dominant during the first growing season and then declined 
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rapidly. Epilobium angustifolium was the dominant during the 

second to fourth year period although Gaultheria shallon and 

Pteridium aquilinum were increasing in cover. By the eighth year, 

Epilobium angustifolium, Gaultheria shallon and Pteridium aquilinum 

share dominance. Bys the eighth year, Epilobium is declining while 

Gaultheria and Pteridium are continuing to increase in cover. 

Isaac's data reveal that by the third growing season, total cover has 

reached the maximum attained during the first eight years of second- 

ary succession. Total herbaceous cover begins to decline after about 

the fourth year while brush cover increases. Isaac (1940) failed to 

separate his data by plant community. His data reveal that most 

of the plots sampled would fall into Becking's (1954) Gaultheria 

shallon group of plant communities with only a few going into the 

Polystichum munitum group. 

Sprague and Hansen (1946) and Sabhasri and Ferrell (1960) 

have studied plant succession on the eastern edge of the Oregon 

Coast Range. In the 1946 study, it was found that in a Quer cus 

garryana - Pseudotsuga menziesii community Quercus is not replacing 

itself. The eventual climax forest is dominated by either Abies 

grandis or Abies grandis and Pseudotsuga menziesii. Sabhasri and 

Ferrell (1960) found a much greater cover of shrubby species in 

natural forest openings than in the adjacent dense forest. 

Neiland (1958) compared species composition in a burn with 
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the adjacent unburned mature forest. She found some species only 

in the forest, many species only in the burn, and some species in 

both forest and burn. Of the species that occurred in both forest 

and burn, some were fairly abundant in the forest, but rare in the 

burn, others were abundant in the burn and rare in the forest, while 

still others had equal frequency in forest and burn. Since at least 

three forest associations are represented in the forest remnant 

Neiland (1958) studied, some of the data have been confounded by 

the manner of presentation. 

The most comprehensive study of secondary succession in 

the Pacific Coast Pseudotsuga menziesii region was made by 

Mueller -Dombois (1959) on Vancouver Island. Some of the general 

principles unravelled will apply to Oregon Coast Range successional 

patterns. Mueller -Dombois (1959) found that the remnant forest 

vegetation left after logging is still largely governed by habitat 

conditions. He found that the remnant forest vegetation can be used 

as a key for separation of biologically -equivalent localities. In 

contrast, the weedy vegetation, which invades the cut -over plant 

communities, is indicative of the kind, degree and time of disturb- 

ance. He feels that the weed flora is largely historically and climat- 

ically conditioned. The relative dominance of the weed flora is 

temporary and confined to the initial stages of secondary succession. 

By 10 to 13 years after logging, there was found to be a shift in 
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structure to a more shrubby vegetation than in the original forest. 

Mueller -Dombois (1959) notes, however, that the kind and degree 

of disturbance (i. e. , logged only, logged and lightly burned, logged 

and heavily burned) exert a major influence on speed of development 

towards a shrubby vegetation. No(sáprophytes were found in clear - 

cuttings although some residual forest species increased in cover. 

Certain shrubs and herbs were found to benefit from slash burning 

while others were detrimentally affected. 

Chilcote (1962) and Brown (1963) have studied the initial 

stages of secondary succession on a Pseudotsuga menziesii -Acer 

circinatum association on Mary's Peak. This community probably 

falls into the Pseudotsuga community of Merkle (1951 ) 

and the Acer -Gaultheria community of Corlis's and Dyrness (1961). 

All clear- cuttings were slashed burned. The vegetation dominants 

were Senecio sylvaticus, the second year after logging and burning, 

Lotus crassifolius and Cirsium vulgare, the third year, Lotus 

crassifolius and Holcus lanatus, the fourth and fifth years. 

Shrubby vegetation, particularly Acer circinatum and Berberis 

nervosa, became increasingly important as succession advanced. 

The total vegetative cover continued to increase the fifth year. This 

observation is different from the results of Isaac (1940) who found 

that the maximum total cover was reached by the third year after 

logging. 
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By applying nitrogen and phosphorus in greenhouse and field 

experiments, West and Chilcote (1962) were able to maintain domi- 

nance of Senecio sylvaticus for two reasons. Accordingly, they 

attributed the one -year peak population of this plant to result from 

a rapid shift in nutrient levels after clear- cutting and slash burning. 

All of the succession and plant community studies are con- 

siderably farther north of the present study area. The applicability 

of the results cited by earlier workers to the present study is con- 

sidered in later sections, 
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DESCRIPTION OF STUDY AREA 

Vegetation 

The northern 150,000 acres of the Millicoma Tree Farm where 

most of the study was concentrated is made up primarily of a rela- 

tively even -aged 190- year -old Pseudotsuga menziesii forest. Appar- 

ently, a large forest fire swept the area about 190 to 200 years ago 

leaving some small isolated stands, usually in protected valleys, 

and larger stands not in the direct path of the blaze. These rem- 

nants, which occupy about 5 to 10 percent of the area, now have 300 

to 500 - year -old climax or near - climax forests. 

Tsuga heterophylla and Thuja plicata are present in the 190 - 

year -old forest and are often the tree dominants in the 300 to 500 - 

year -old stands. The common tall shrubs are Acer circinatum, 

Rhododendron macrophyllum and Holodiscus discolor. Each is a 

shrub layer dominant in one or more of the plant communities. The 

two widely distributed groupings of understory dominants are (1) 

Polystichum munitum and (2) Berberis nervosa and Gaultheria 

shallon. These two vegetative groupings were recognized by 

Becking (1954). 

Geology and Physiography 

The southern Oregon Coast Range is a low, mountain chain 
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rarely exceeding 2, 500 feet elevation. Chains of north -south 

oriented ridges with east and west side -spurs characterize the 

range. Microrelief is extremely complex. 

The four geologic types which occur in the area include: 

Tyee sandstone formation, Elkton siltstone member of the Tyee 

formation, Coaledo formation, alluvium. 

The typical Tyee sandstone formation of middle Eocene age 

occurs in lower elevation valleys. The formation is rhythmically 

bedded arkosoic, micaceous, massive -bedded sandstone with sub- 

ordinate siltstone (Baldwin, 1959, 1961; Peck, 1961). The sandstone 

is comparatively hard and resistant to weathering. 

Overlying the typical, massive -bedded Tyee sandstone is 

the second unit of the formation, which Baldwin (1961) has called 

the Elkton siltstone member of the Tyee formation. This unit occu- 

pies much of the study area. It occurs from valley bottom to ridge - 

top in about the 1, 200 to 2,200-foot zone. This predominantly - 

siltstone sequence occupies the upper one -third of the 5, 000 - 8, 000 

feet thick Tyee formation (Baldwin, 1961). The Elkton siltstone 

member is more argillaceous than the underlying lower part of the 

Tyee formation or the overlying Coaledo formation even though 

it contains appreciable amounts of thin -bedded sandstone (Baldwin, 

1961). The siltstone rock is extremely soft and would presumably 

weather rapidly. The accompanying sandstone rock, in contrast to 
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the typical Tyee, is relatively soft and less resistant to weathering. 

At higher elevations, the Tyee formation is overlain with 

slight unconformity by a nonmarine carbonaceous sandstone that 

Baldwin (1961) has tentatively assigned to the Coaledo formation 

(late Eocene age). The formation is nonrhythmically -bedded tuffa- 

ceous sandstone and siltstone. Leaves and coaly beds are abundant 

in places (Baldwin, 1961). The Coaledo sandstone, like sandstone 

in the Elkton member, is relatively soft and easily weathered. 

The narrow flood plains of the few major streams are occu- 

pied by recent and Pleistocene alluvial deposits of unconsolidated 

and semi - consolidated silt, sand, and gravel. 

The geologic formations have a strong influence upon local 

topography. The higher ridges occupied by the Coaledo formation 

are sharp with steep side- slopes (60- 120 %). Areas occupied by 

the Elkton siltstone member have rounded ridges and gentle slopes 

(10 -50 %). In the areas occupied by the geologic type, many benches 

are found on the long side -slopes, an apparent result of mass soil 

movement. The massive - bedded Tyee sandstone generally creates 

the steep or walled sides (70- 200%) of lower elevation valleys. 

Climate 

The position of the west coast subjects it to the controls 

of the North Pacific Drift and the prevailing westerly winds (Heusser, 
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1960). The southern branch of the Japanese Current greatly influ- 

ences the climate. The mild temperatures result from the coast - 

ward movement of the warm ocean stream and the humid character 

from the cooling effect of the coast on moisture laden winds 

(Heusser, 1960). In winter, paths of storm centers pass directly 

over the Pacific Northwest, bringing cloudy skies and often heavy 

precipitation. In summer, the storm tracks shift to the north, 

beyond the area, resulting in low precipitation during the growing 

season with an abundance of clear, sunshiny days. 

In southwestern Oregon, climate changes markedly over 

short distances. The Coast Range has a pronounced effect upon 

the eastward moving storm centers as illustrated in Figure 1 and 

Tables 1 and Z. Several climatic zones parallel this north -south 

oriented mountain chain. 

The coastal fog belt (represented by North Bend (Figure 1) 

and Marshfield (Coos Bay; Table 2) has moderate temperatures 

throughout the year. Precipitation, on the other hand, averages 

10. 6 inches for December and 0. 3 inches for August (Figure 1). 

Effective moisture is favorable throughout the summer months as 

a consequence of abundant summer fogs. 

The crest zone of the Coast Range has a higher annual pre- 

cipitation than the fog belt zone. Summer maximum temperatures 

are higher in the crest zone (Figure 1, compare Sitkum with North 
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Table 1. Mean monthly precipitation data (inches) for stations representative of the study 
area: Allegany (1951 -1964) , Sitkum 0945-1964), Reston (1910-1917, 1955-1964). 

Station 
Month 

Annual Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Allegany 14.6 11.9 11.6 5. 5 4.0 1.9 . 5 .9 2.4 7.4 12.3 14.6 87.3 

Sitkum 12. 1 11.7 10.9 5.2 4.3 2. 1 .6 .7 2.1 6.6 11. 5 11.4 78.9 

Reston 8. 6 7. 0 6. 1 3. 2 2. 4 1. 0 . 3 . 2 1. 5 4. 2 9. 1 8. 7 51. 0 
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Table 2. Annual precipitation and water deficits from stations 
adjacent to the study area (from Johnsgaard, 1963). 

Annual ppt. (inches) Summer Water 
Deficits (inches) 

Mar shfield 64. 5 8. 1 

McKinley 66. 9 9. 0 

Roseburg 32. 5 14. 4 

Bend) while precipitation remains about the same. The vegetation 

reveals that the effective moisture level is reduced. This is probably 

a consequence of the combined effect of the higher summer daytime 

temperatures (Figure 1) and less summer fog. Winter temperatures 

are lower and precipitation is higher in the crest zone than in the 

coastal fog belt zone (Figure 1). The study area lies within the Coast 

Range crest climatic zone (Allegany, Sitkum, Table 1; Sitkum, 

Figure 1) and extends into the east slope climatic zone (Reston, 

Table 1) . 

The east slope of the Coast Range has lower annual precipita- 

tion, lower summer precipitation, and usually higher summer tem- 

peratures than the crest zone of the Coast Range. Weather stations 

are rare in the east slope zone. Weather data from Reston (Table 1) 

are fairly representative. 
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The interior valley climatic zone of southwestern Oregon has 

lower annual precipitation, lower summer precipitation, and higher 

daytime summer temperatures (Figure 1, Roseburg) than any other 

climatic zone discussed. 

Average annual precipitation decreases in the study area from 

west to east. The western border averages about 90 inches (Table 1, 

Allegany), the central portion about 80 inches (Table 1, Sitkum), the 

eastern portion about 55 to 65 inches annual precipitation (Table 1, 

approximated by Reston) . Growing season precipitation is about 

equal for the western and central portions (Table 1) but reduced in 

the eastern part. Summer water deficits have not been calculated 

for data representative of the study area. The western part would 

probably be similar to that for McKinley (Table 2) while the eastern 

part would probably have summer water deficits somewhere in the 

10 -12 inch range, between that for McKinley and Roseburg (Table 2). 
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CONCEPTS AND TERMINOLOGY 

The writer recognizes plants as being phytometers of their 

environment. Species composition and dominance can be used to 

illustrate similarities and differences among stands of natural vege- 

tation because plants survive and reproduce only in the environmental 

range to which they are adapted. In addition, dominance is a reflec- 

tion of the suitability of the environment to the taxon. The best areas 

to study these relationships are usually in the oldest stands available, 

where plant species have had a maximum amount of time to express 

themselves in the most suitable environment. 

The association table is a useful way of demonstrating simi- 

larities and differences. It is constructed by numbering the stands 

along one axis and then listing all species in the stands along the 

other axis. In the stands in which each species occurs, a dominance 

statistic is recorded. Stands are then sorted, separating the differ- 

ent ones and grouping the stands that are similar. Then, the species 

are arranged following the same procedure. The result is a natural 

grouping of stands into communities. If there are gradients in single 

or groups of characters, these will also be expressed. In the asso- 

ciation table, each species, regardless of size or life form, has an 

opportunity to become an important indicator plant for one or more 

communities depending upon its individual dominance level and its 
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consistent associates. 

Climax is recognized as the focal point towards which vege- 

tative succession tends to move. Climax is recognized as a state of 

dynamic equilibrium whose focal point remains the same so long as 

the effective environment also remains in a state of dynamic equi- 

librium. The polyclimax view (Tansley, 1935) of a relatively short 

term successional sequence to the climax is upheld. A climax plant 

species consistently occurs in stands of the climax community and 

it may or may not occur in secondary successional stages. It is not 

necessary for a climax species to be a dominant, it may occur in 

very low constancy and dominance. A seral plant community is one 

that is not perpetuating itself and, as succession advances, another 

community will replace it. A seral plant species is one that is most 

abundant in successional stages, but this does not deny the frequent 

occurrence of seral species in climax forest stands. Because climax 

forests are reproducing themselves, microseres (lightspots) that 

have resulted from the removal of overstory trees are a natural 

component of every stand. In the forests studied, lightspots are a 

frequent, natural component of climax and near - climax stands. 

Light conditions are often adequate to allow seral plant species to 

grow and reproduce in these microseres. 

An association is a climax plant community that has a homo- 

geneous species composition and dominance. The associes is the 
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serai equivalent of the association. A stand is a concrete example 

of either of the abstract units, association or associes. The collec- 

tive area which one association occupies, or will come to occupy as 

succession advances, is called a habitat -type (Daubenmire, 1952). 

The association is named from two or more species indica- 

tive of that particular vegetative unit. The species are usually 

dominants in the shrub or herb layers or are low cover, high con- 

stancy species with high fidelity to the association. That is, the 

species have high indicator value for the environmental conditions 

that produced the association. 
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PART 1: SOILS 

Methods 

Soils information was recorded in the first year reconnais- 

sance and the second year quantitative study of old- growth forest 

vegetation. The methods and results herein reported are for the 

soils work that accompanied the quantitative vegetation study. A soil 

pit was dug adjacent to each macroplot location. A soil description 

was made following procedures in the Soil Survey Manual (1951). 

The description included: (a) for horizons - depth, moist color, 

dry color, texture, structure, roots, and coarse fragments; (b) for 

each profile - parent rock, origin, and total depth. 

Results and Discussion 

The soils have developed from materials weathered from 

Tyee sandstone, the Elkton siltstone member of the Tyee, and the 

Coaledo geologic formations. They have evolved under climatic con- 

ditions of wet, cool winters and dry, warm summers. Annual pre- 

cipitation ranges from 60 -100 inches, generally decreasing from 

west to east. The physiographic and soil characters are closely 

tied to geologic formations. Colluvial soil movement has been a 

dominating influence on soil genesis and morphology because of the 

steep topography. Evidence of colluvial movement has been found in 
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all soil profiles studied except for a few floodplain profiles. 

Soil surveys in the mountainous regions of Oregon are nearly 

non -existent. The only large scale intensive survey of forest soils 

in an area with related geology was made in the Alsea Basin, approx- 

imately 100 miles north of the study area (see Corliss and Dyrness, 

1961). The Alsea Basin is mainly underlain by Tyee sandstone with 

some basalt and small amounts of gabbro- diorite intrusives. This 

differs somewhat from the Millicoma area where there are high pro- 

portions of Elkton siltstone, mixed Elkton siltstone -Tyee sandstone 

and lesser amounts of Tyee sandstone and Coaledo sandstone. On 

the whole, the Millicoma soils are much shallower and lighter 

colored than those in the Alsea Basin. Soils formed predominantly 

from sandstone generally have more coarse fragments than related 

Alsea Basin soils. On the average, Millicoma soils have solums less 

than 35 inches while in the Alsea they usually exceed 35 inches. 

Timber productivity would probably be much reduced in the Millicoma 

area without lateral seepage. Some source of seepage, usually the 

sandstone - siltstone interface, appears to lie within the conifer -root- 

ing zone over approximately two -thirds of the study area. 

The lack of a soil survey necessitated a tentative classifica- 

tion of the soils encountered by the writer during the plant ecology 

study. The Slickrock, Bohannon, Apt, and Digger soil series were 

previously described in the Alsea Basin (Corliss and Dyrness, 1961). 
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These four soil series occupy approximately one -half of the study 

area. The remainder is covered by previously -undescribed soils. 

Four new series have been described and tentatively named. A 

description of a typical example of each soil series is in Appendix 1. 

Slickrock Soil Series 

This series was recognized by Corliss and Dyrness (1961) in 

the Alsea Basin. Profiles examined have more coarse fragments, 

coarser textures and are on steeper slopes than those of the Alsea 

Basin area. The series has formed under 80 to 100 inches of annual 

precipitation. It occurs only on lower and middle slope positions of 

valleys in the 700 -900 feet elevational belt underlain by the typical, 

massive -bedded Tyee sandstone formation. Slopes are steep to 

precipitous (65- 150 %). Many examples of this soil series seem to 

have developed in a talus -like rubble of gravel and boulder- sized, 

coarse - grained, unweathered, sandstone rock. Lateral seepage 

seems to have played an important influence in profile development. 

These soils are moist throughout the dry summer season. The 

Slickrock soil profile description recorded at macroplot 36 is in 

Appendix 1. 

The usual horizon sequence in the Slickrock series is Al, Al2, 

B2, R. Variations encountered include the absence of a B horizon 

or the presence of both B2 and B3 horizons. All R horizons 
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encountered have gravel to boulder- sized, irregular shaped, un- 

weathered sandstone rock. Tree roots penetrate deeply into the R 

horizon rubble. Solum depth is highly variable, ranging from about 

15 to 60 inches. The profiles are usually dark, becoming lighter 

colored with increasing depth (Appendix 1). The A horizons are very 

dark brown (7. 5YR 2/2) when moist, changing to a very dark grayish 

brown (10YR 3/2) dry color. The B horizons are a very dark to 

dark brown (10YR 2/2 -3/2) moist color and a dark grayish brown 

to light yellowish brown (10YR 4/2 -6/4) dry color. The texture is 

usually very gravelly sandy loam while the structure is weak to 

moderate, fine subangular blocky throughout the solum. Sandstone 

coarse fragments make up from 55 to 90 percent of the soil volume. 

Roots are abundant in the A, common in the B2, and few in the C 

horizons. 

Bohannon Soil Series 

The Bohannon series was first described in the Alsea Basin 

by Corliss and Dyrness (1961). It has formed under 80 to 100 inches 

annual precipitation. In the study area, the series occurs near the 

interface of the massive -bedded Tyee sandstone with the Elkton 

siltstone member. It usually occurs in middle elevation areas (900- 

1,600 feet) on steep slopes (60 -80 %). A mixture of sandstone and 

siltstone coarse fragments are present throughout the profile 
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indicating the influence of colluvium on origin of the soils. These 

soils are usually topographically situated to receive less lateral 

seepage than Vaughn soils. 

The usual horizon sequence is Al, A3, B21, B22, C, R. The 

R horizons generally start at depths greater than 40 inches and are 

of a fractured type that may be penetrated by conifer roots. The A 

horizon is about 7 inches thick followed by 30 -35 inches of B hori- 

zons, a C horizon of variable thickness and then the R horizon 

(Appendix 1). The Al horizon averages a grayish brown (10YR 5/2) 

moist color changing to pale brown (10YR 6/3) when dry (Appendix 1, 

Table 3). The A horizon texture ranges from a very gravelly sandy 

loam to a gravelly silt loam while the B horizon texture ranges from 

very gravelly loam to gravelly clay. Structure for all horizons is 

usually moderate, very fine to fine, subangular blocky. The content 

of coarse fragments is approximately the same in all horizons but 

it ranges from 25 to 55 percent from profile to profile. Root content 

ranges from very abundant in the Al to few in the C horizon 

Millicoma Soil Se rie s l / 

The Millicoma series has developed under 70 -85 inches 

annual precipitation. Summers are relatively dry. The series has 

1/ Tentative, not correlated. 
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developed only from the Elkton siltstone member of the Tyee forma- 

tion. It occurs mainly in the 1,300-1,500 feet elevational belt on 

gentle to steep (30 -85 %) slopes (Table 3). These soils, because of 

their fine textures, are frequently subjected to mass soil movement 

(landslides). Consequently, colluvial action has had a considerable 

influence upon soil origin. 

The usual horizon sequence is Al, B1, B21, B22, C. In all 

profiles examined, the C horizons extended to depths greater than 

50 inches. The Al horizons of Millicoma soils are comparatively 

light colored. They are a dark brown (10YR 3/3 -4/3) moist color 

changing to a yellowish brown to pale brown (10YR 5/4 -6/3) dry 

color. The B horizon colors are a dark brown to dark yellowish 

brown (7. 5YR 4 /4 -10YR 4/4) moist color while dry colors range 

from pale brown to yellow (10YR 6/3 -7/6). The C horizon is a 

yellowish brown (10YR 5/6) moist color changing to a very pale 

brown (10YR 7/4) dry color. The Al horizon texture ranges from 

loam to clay loam while the B horizons have predominantly clay 

loam or clay textures. The C horizons have clay textures. The 

structure is usually strong, very fine subangular blocky in the Al 

horizon and moderate or strong, fine subangular blocky in B2 hori- 

zons. The B3 and C horizons usually have weak, fine subangular 

blocky structure. The content of siltstone and /or very fine sand- 

stone coarse fragments ranges from 5 -10 percent in all horizons. 
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Roots are common in the Al horizon but there are few in all other 

horizons. Roots can penetrate at least to the bottom of the C horizon 

and presumably beyond into the R horizon. 

Matson Soil Series?/ 

The Matson series has formed in an area of 70 to 85 inches 

annual precipitation. Summers are relatively dry. The series has 

developed from the Elkton siltstone member. Although both soft 

siltstone and soft, fine sandstone coarse fragments occur throughout 

the profile, the sandstone usually predominates. The series is very 

common in the middle to upper elevation belt (1,100-1,800 feet) 

throughout much of the study area and occurs on both gentle and 

moderately steep slopes (5 -65 %). The soils occur predominantly on 

the lower and middle slope positions. The uniform distribution of 

only a few coarse fragments throughout the profile suggests that 

this soil has developed in a mixture of residuum and colluvium. 

Lateral seepage probably provides additional moisture during the 

dry summer season in profiles located on lower slopes. 

The Matson soil series is one of the most widely distributed 

and variable series studied. The typical horizon sequence is Al, B2 

(or B21, B22), B3, C, R. There is a shallow phase (Table 3) which 

2/ Tentative, not correlated. 
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has a horizon sequence of Al, B2, R. The phase has all the char- 

acteristics of a Matson profile, except for an average coarse frag- 

ment content of 25 percent, no C horizon, and less than 32 inches 

to soft, fine sandstone or soft siltstone rock. 

The A horizons of the Matson series are about 8 inches thick, 

B horizons are 30 inches, and C horizons are about 20 inches thick. 

The A horizon is a very dark brown to dark brown (7. 5YR 2 /2 -10YR 

3/3) moist color changing to a brown (10YR 4/3 -5/3) when dry. The 

B horizons are a dark brown to strong brown (7. 5YR 3/4 -5/6) moist 

color changing to a pale brown to yellow (10YR 6/3 -7/6) when dry. 

The C horizons sometimes have a multitude of shades but usually 

a strong brown (7. 5YR 5/6) moist color changing to a reddish yellow 

or yellow (7. 5YR 6 /6 -10YR 7/6) dry color. The texture ranges from 

sandy loam to clay loam in the A horizon and a clay loam or clay in 

the B and C horizons. The textures in the shallow phase are influ- 

enced considerably by the higher percentages of coarse fragments. 

Structures are usually strong or moderate, fine subangular blocky 

in Al and B2 horizons. There are usually less than 10 percent soft 

siltstone and weathered, very fine sandstone coarse fragments. The 

shallow phase usually has 15 -50 percent coarse fragments. Roots 

are usually abundant in the A horizon but common or few in the B 

and C horizons. Roots have been observed penetrating cracks in 

the R horizon of soft siltstone or fine sandstone rock. 
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Ivers Soil Series3/ 

This series has developed under 70 -85 inches of annual 

precipitation in an area that has relatively dry summers. It has 

formed from very coarse sandstone of the Coaledo formation and is 

found only at higher elevations (Table 3). The soils are of colluvial 

origin and are usually on very steep (6585%0) upper slopes. 

The usual horizon sequence is Al, B2, C, R. Occasionally, 

a B3 horizon occurs. The soils are usually shallow (less than 35 

inches deep), with 6 -12 inch thick Al horizons and 12 -18 inch thick 

B2 horizons. The C horizon thickness is variable. Like the 

Millicoma series, the A horizon of an Ivers soil has a very pale 

color. It is a brown to yellowish brown (10YR 4/3 -5/8) moist color 

changing to pale brown or very pale brown (10YR 6/3 -7/4) when dry. 

There is little color change with increasing depth. The B and C 

horizons are approximately the same color as the A horizon. The 

texture is a very gravelly sandy loam to very gravelly sandy clay 

loam in all horizons. The structure is moderate, fine subangular 

blocky in the A horizon, weak or moderate, fine subangular blocky 

in the B horizon and structureless in the C horizon. The coarse 

fragment content of weathered, coarse sandstone ranges from 60 -85 

percent in all horizons. Roots are common in the Al horizon but 

3/ Tentative, not correlated. 
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few in all others. 

Apt Soil Series 

The series was first described in the Alsea Basin (Corliss 

and Dyrness, 1961). The series has developed under 65 -85 inches 

annual precipitation. Summers are hot and dry. The soils have 

formed from the Tyee sandstone formation with colluvial additions of 

siltstone from the Elkton siltstone member whose boundary is gener- 

ally a short distance upslope. The soils have developed primarily 

from colluvium as illustrated by the nearly constant coarse fragment 

percentages throughout the profile (Appendix 1). The series occurs 

on valley bottoms and gentle to steep slopes (0 -70%) in the 700-1,400 

feet elevation range. Because of the lower slope location, lateral 

seepage has influenced profile development by providing moisture 

throughout the dry summer season. 

The horizon sequence is All, Al2, B2, B3 (or B21, B22), G, 

R. Profiles are usually deep, exceeding 50 inches to the R horizon. 

The All horizon is 2 -6 inches thick, the Al2 is 6 -10 inches, B hori- 

zons are about 12 inches thick, while C horizons are about 20 inches 

thick. The A horizons are a dark brown to dark yellowish brown 

(10YR 3/34/4) moist color changing to a brown to light yellowish 

brown (10YR 5/3 -6/4) when dry. The B and C horizons are a dark 

brown to yellowish brown (7. 5YR 4 /4 -10YR 5/6) moist color changing 
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to a pale brown to very pale brown (10YR 6/3 -7/4) when dry. The 

texture of Al, B2, and C horizons usually ranges from gravelly sandy 

clay loam to clay loam. There is often no increase in clay content 

in the B horizons. The structure is moderate or strong, fine sub - 

angular blocky in Al and B2 horizons. Structure is weak, fine sub - 

angular blocky or massive in the B3 horizon and massive in the C 

horizon. The coarse fragment content ranges from 10 -80 percent, 

but is usually in the 10 -40 percent range. Roots are very abundant, 

common and few in the Al, 132, and C horizons, respectively. 

Agony Soil Series-4/ 

The Agony series has developed under 60 -70 inches annual 

precipitation. Summers are hot and dry. The soils have been influ- 

enced in their development by a low summer moisture supply. The 

series has developed from the Elkton siltstone member and is the 

drier equivalent of the Millicoma soil series. The soils are mainly 

of colluvial origin. The profiles described occur on gentle to moder- 

ately steep slopes (20-60 %) at intermediate elevations (900 -1,400 

feet). The usual horizon sequence is Al, B2, B3, R. The soils are 

relatively shallow with the R horizon occurring in the 25 -35 inch 

range. All horizons are approximately the same thickness. The 

4/ Tentative, not correlated. 
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A horizon is a very dark grayish brown to dark brown (10YR 3/2 -4/3) 

moist color changing to a grayish brown to very pale brown (2. 5Y 

5 /2 -10YR 7/3) dry color. The B2 horizons are a very dark grayish 

brown to yellowish brown (10YR 3/2 -5/6) moist color changing to a 

light brownish gray to very pale brown (2. 5Y 6 /2 -10YR 7/4) dry 

color. The texture ranges from a gravelly sandy clay loam to grav- 

elly clay in the Al horizon and clay loam to gravelly clay in the B2 

horizon. The Al and B2 horizons have a strong, very fine to coarse, 

subangular blocky structure, while B3 horizons range from massive 

to moderate, fine subangular blocky. Siltstone and weathered, very 

fine sandstone coarse fragments usually range from 10 -35 percent. 

Roots are common in Al and B2 horizons, but few in the B3 and R 

horizons. 

Digger Soil Series 

The Digger series was first described in the Alsea Basin 

(Corliss and Dyrness, 1961). In the study area, it has evolved 

under 60 -70 inches annual precipitation. Summers are hot and dry. 

Profile development has been influenced by very low summer mois- 

ture. The soil has formed in materials weathered from the Coaledo 

formation. It is the drier equivalent of the Ivers series. Like the 

Ivers, it is of colluvial origin. Profiles are on moderately steep 

slopes (45 -60 %) at intermediate to higher elevations (1,200-1,700 



37 

feet). 

The horizon sequence is Al, B2, B3, R or there may be a B22 

rather than a B3 horizon. The Al horizon is about 6 inches thick, 

while the B2 or B21 is 5 -12 inches thick. The B22 or B3 horizon is 

15 -20 inches thick. The soils are of moderate depth with the R hori- 

zon of soft, weathered sandstone occurring at about the 30 -40 inch 

depth. Profiles in this series have a characteristic pinkish color 

when dry. The Al horizon is a very dark brown to dark brown (10YR 

3/2 -4/3) moist color changing to a light brownish gray to light pinkish 

gray (10YR 6/2 -9. 75YR 7/2) when dry. The B horizons are usually 

a brown (10YR 4/3 -7. 5YR 4/4) moist color changing to a light gray 

to a light yellowish brown (10YR 7/2 -6/4) when dry. The Al horizon 

has a gravelly to very gravelly clay loam texture, while 132 horizons 

are usually very gravelly clay loams. Structure is strong or moder- 

ate, fine subangular blocky in Al and B2 or B21 horizons, but moder- 

ate, fine subangular blocky in B22 or B3 horizons. Coarse fragments 

usually range from 30 -65 percent with a gradual increase in percent- 

age from Al to B22 or B3 horizons. Roots are usually abundant in 

the Al horizon decreasing to common in the B horizons. 

Other Soils 

Several other soils have been observed that deserve series 

level recognition. Because of their limited distribution, not enough 
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profiles have been examined by the writer for an adequate soil series 

description. There are lithosolic equivalents to the Slickrock, 

Matson, and Apt soil series. All have profiles that are less than 20 

inches deep to an R horizon. All lack, or have poorly developed, B 

horizons, greater content of coarse fragments and coarser textures 

than their deeper counterparts. A well- drained alluvial soil occurs 

along the Lake Creek valley bottom. It has a silty clay loam texture, 

very few coarse fragments and some mottling in the C horizon. Also 

along Lake Creek, in the seasonally ponded areas, a gley soil occurs. 

This soil has a clay texture and few coarse fragments. 



Table 3. Selected destin ueshin characteristics for eight soil series. 

Characteristic 
Soil Series 

S¿çjtrock Bohan on Millicoma Matson Ivers Apt Agony Digger 

.Annual precipitation 80 -100 80 -100 70 -85 70 -85 70 -85 65 -75 60 -70 60 -70 

Probable volume of 

lateral seepage 
high medium med. -low med. -low low high -med. none none 

Geologic formation Tyee Elkton Elkton Elkton Coaledo Tye Elkton e Elkton- Coaledo 
Coaledo 

Parent rack Hard Soft Soft Soft Soft H and andsoft Soft Soft 

sandstone sandstone. 
soft 

siltstone, 
soft 

siltstone, 
soft 

sandstone sandstone, 
soft 

siltstone, 
soft 

sandstone 

siltstone sandstone sandstone siltstone sandstone 

Ori gin colluvium colluvium residuum residuum colluvium colluvium colluvium colluvium 

and and and and and and 

residuum colluvium colluvium residuum residuum residuum 

Al horizon dry color 10YR 3/2- 10YR 5/2- 10YR 5/4- 10YR 4/3- 10YR 6/3- 10YR 5/3- 2,5Y 6/2- 9. 75YR 7/2- 
4/2 5/4 6/3 5/3 7/3 6/4 10YR 7/3 10YR 6/3 

B2 horizon dry color 10YR 5/4- 10YR 6/3 10YR 6/3- 10YR 5/4- 10YR 6/3- 10YR 6/3- 2.5Y 6/2- 10YR 6/3- 
6/4 7/4 7/4 7/4 7/3 10YR 7/4 7/3 

B2 horizon texture very gravelly 
loam 

very gravelly 
clay loam 

clay loam - 
clay 

clay loam, 
sandy clay 
loans/ 

very gravelly 
sandy clay 
loam 

gravelly 
clay 
loam 

gravelly 
clay 

very gravelly 
clay loam 

B2 horizon structure weak - 
moderate, v. 
fine -coarse 

weak- strong, 
v. fine - 
fine -fine 
sbk 

moderate - 
strong, v. 
fine -fine 
sbk 

moderate - 
strong, v. 
fine -fine 
sbk 

weak - 
moderate, 
fine sbk 

strong - 
moderate, v. 
fine -fine sbk 

strong, 
fine - 
coarse sbk 

strong- moderate, 
fine -medium 
sbk 

Al horizon roots vab vab corn ab com-few vab corn-few ab 

B2 horizon roots ab-com ab-corn few corn-few few corn few corn 

Depth to R horizon (in) 40 -90 40 -60+ 60+ 42 -66, 
26 -314/ 

30 -70+ 29 -69+ 23 -31 31 -48+ 

Range in 
coarse fragments 

55 -90 20 -65 5 -15 1 -25, 
3 -602/ 

50 -85 10 -80 10 -60 15 -65 

Range in elevation (f) 700 -900 900 -1600 1300 -1500 1100 -1600, 
1400 -1800a / 

1800 -2400 800 -1400 900 -1400 1300 -1800 

Position on slope lower -mid mid -top lower -mid lower -mid, 
lower -top!/ 

top lower mid -top top 

% slope 40 -85 60 -80 30 -85 5 -65 70 -80 5 -75 20 -60 40 -70 

a/ 
Shallow phase, Matson soil series. 

Lk) 

,0 

% 
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PART 2: OLD -GROWTH FORESTS 

Methods 

The old- growth study was conducted over a two -year period. 

Vegetation data were collected at a reconnaissance level the first 

growing season to formulate hypotheses for a classification of habitat - 

types. The hypotheses were then tested by more quantitative methods 

the second year. 

Reconnaissance 

The old- growth forest is a minor component of the study area. 

Stands are small, widely spaced, and often are found isolated in the 

narrow valleys where they escaped the large catastrophic fire of 

about 200 years ago. 

The reconnaissance approach permits one to sample a wide 

cross - section of variation in a relatively short time. It is accurate 

enough to allow one to develop hypotheses for a habitat -type classifi- 

cation. The canopy coverage method (Daubenmire, 1959). has been 

adapted to obtain reconnaissance level presence and dominance vege- 

tation information. It is rapid, requires little equipment and has an 

adequate level of accuracy. The method provides an index to the 

influence of each plant species on its ecosystem. Canopy coverage 

is defined as the vertical projection of a polygon drawn around the 
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maximal aerial extent of an individual plant. Stands sampled had a 

high degree of vegetative homogeneity. At each selected location, 

a 5 by 25 meter plot was visually approximated. All species present 

within the area were recorded in the following layers: 

a. Over story layer: greater than 40 feet high 

b. Shrub layer: 3 to 40 feet high. 

c. Herb layer: less than 3 feet high. 

These arbitrary divisions well fit the vertical forest structure. They 

also permit the separation of seedlings and saplings from larger 

trees since the tree reproduction is recorded in each layer. Climax 

tree species are frequently recorded in all three layers. The seven 

coverage classes are listed in Table 4. Class midpoints are used 

in compilation of data. 

Table 4. The canopy coverage classes used in old- growth and 
succession studies. 

Class Range in Cover Midpoint 

1 0 -1 0.5 
2 1 -5 3 

3 5-25 15 

4 25 -50 38 

5 50 -75 63 

6 75 -95 85 

7 95 -100 98 
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Variation in over story composition and cover has resulted 

in an accompanying variable understory. Where openings in the 

overstory tree cover permit direct sunlight to reach the ground, a 

dense under story vegetation develops. At each observation location, 

vegetation in a 5 by 25 meter reconnaissance plot was recorded for 

the typical dense forest and another for a lightspot. About 12 pairs 

of plots were obtained in each tentative environmental unit. 

Topographic information recorded at each observation loca- 

tion included: drainage direction, aspect, position on slope, eleva- 

tion, percent slope, landform, macrorelief and microrelief. 

Quantitative Study of Old- Growth Forest 

The tentative habitat -types developed from the reconnaissance 

data were accepted or rejected on the basis of a quantitative docu- 

mentation of vegetation. Some of the more homogeneous stands found 

in the reconnaissance study were quantitatively sampled. Dense forest 

and lightspots were sampled separately. The dense forest vegeta- 

tion was sampled quantitatively. Reconnaissance level vegetation 

data were recorded for lightspots in variable -sized plots. The light - 

spot boundary was also the plot boundary. Usually, at least five 

stands were sampled in each tentative environmental unit. 

Daubenmire (1952) noted that 4 -10 stands are needed to characterize 

a forest association. 
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Since the old- growth forest made up a relatively small por- 

tion of the study area, sampling was necessarily restricted to the 

available stands. There were few stands available for all but the 

Polystichum /Oxalis association. Within each environmental unit, 

sample areas were selected for homogeneous vegetation, different 

soils and topographic position, and for wide geographic spacing. 

The 5 by 25 meter macroplot contained two randomly - selected 

line transects. To include any variability within the macroplot, it 

was necessary to space the transects at least two meters apart. If 

the two lines selected were too close together, the sample was 

rejected and drawn over again. Twenty 2 by 5 dm. observation 

plots were spaced one meter apart along each transect. 

In each observation plot, the canopy coverage of shrub and 

herb layer species was recorded. Seven cover classes were used 

(Table 4). Overstory tree cover was estimated by species for the 

entire macroplot. The diameter of trees at breast height was re- 

corded by species in a 25 x 25 meter tree plot nested around the 

5 by 25 meter vegetation plot. The number of seedlings was re- 

corded by species in the 5 by 25 meter macroplot. In order to docu- 

ment species missed by the 40 observation plots, reconnaissance 

level cover estimates were made for all species within the macro - 

plot, immediately prior to collection of quantitative information. 

Any species missed by both methods but later found in the macroplot 
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was recorded separately. In addition, species not present in the 

macroplot, but present in the stand, were noted in a separate list. 

Physiographic information, as described in the reconnais- 

sance section, was recorded for each stand. A soil description was 

made at each macroplot location and results have been reported in 

the soils section. 

Association tables were constructed to assist in the analysis 

of vegetation data. 
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Results and Discussion 

In synecological studies, it is highly desirable to document 

climax stands as representatives of the focal point towards which 

secondary succession proceeds. About 10 percent of the area studied 

is covered by 250- 500 - year -old near - climax and climax forests. 

The forests have been the basis for development of a phytosociolog- 

ical classification. 

The common conifers in the forest are Pseudotsuga menziesii, 

Tsuga heterophylla, and Thuja plicata. All three species can be 

found in one or more habitat -types in seral or climax stages. Abies 

grandis, Taxus brevifolia, Chamaecyparis lawsoniana, and 

Libocedrus decurrens occur less frequently. Broad -leaved trees 

are poorly represented in these forests. Those most commonly 

found as subordinate members of stands include: Acer macrophyllum, 

Alnus rubra, Umbellularia californica, Castanopsis chrysophylla and 

Arbutus menziesii. The shrub layers may be dominated by conifer 

reproduction or by Acer circinatum, Rhododendron macrophyllum 

and Holodiscus discolor. The usual herb layer dominants are 

Polystichum munitum, Berberis nervosa, and Gaultheria shallon. 

Five associations have been recognized in these forests. 

Four are relatively homogeneous and with little training, even the 

non -ecologist can recognize them. In contrast, the Polystichum/ 



46 

Oxalis association is highly variable, particularly in the dense 

forest, in species dominance, and to a lesser degree, in species 

composition. One group of species suggests a continuum gradient 

within the association (Appendix 2, lines 11 -15, 21 and 28). 

The five associations described are truly in the land of giant 

timber. The colossal dimensions of a single tree are outstandingly 

impressive. The rugged Pseudotsuga menziesii may reach 500 

years old, 300 feet in height and ten feet in diameter. Even the 

average trees exceed 200 feet in height and five feet in diameter in 

some associations. 

The associations have been found to be homogeneous enough 

to permit recognition in the field using a dichotomous key (Table 5). 

The data upon which the key is based are presented in Appendices 

2, 3, and 4 and in Table 6. The key has been widely used by the 

writer and found to fit greater than 95 percent of old- growth stands. 

With modifications in cover ranges of some herb layer dominants, 

it has been used by the writer and Weyerhaeuser Company foresters 

to differentiate habitat -types in clear- cuttings and forests. In the 

many areas of clear- cutting where logging has not severely disturbed 

the soil surface, enough of a remnant of the forest vegetation is 

intact to permit recognition of habitat -types with greater than 90 

percent accuracy. In areas burned after logging, many forest 

remnant species disappear, making the key much less useful for 
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Table 5. A key for recognition of the five forest associations. 

la. Combined coverage of Gaultheria shallon and Berberis nervosa 

exceeds coverage of Polystichum munitum. 

2a. High cover shrub layer species are Holodiscus discolor and 

Rhododendron macrophyllum. Herb layer codominants are 

Gaultheria shallon and Berberis nervosa. Rhus diversiloba 

is present in about one -half the stands. 

HOLODISCUS DISCOLOR /GAULTHERIA SHALLON 

ASSOCIATION. 

2b. Little or no Holodiscus discolor; no Rhus diversiloba. 

3a. Rhododendron macrophyllum is the shrub layer domi- 

nant and has very high cover in lightspots. Gaultheria 

shallon and /or Berberis nervosa are the herb layer 

dominants. 

RHODODENDRON MACROPHYLLUM /BERBERIS 

NERVOSA ASSOCIATION. 

3b. Not as above, Acer circinatum is the shrub layer domi- 

nant. Berberis nervosa cover equals or exceeds 

Polystichum munitum cover in lightspots. Oxalis 

oregana cover is no more than three percent. 

ACER CIRCINATUM /BERBERIS NERVOSA 

ASSOCIATION. 
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Table 5. Continued. 

lb. Polystichum munitum cover usually equals or exceeds cover of 

Gaultheria shallon or Berberis nervosa. Oxalis oregana cover 

is greater than three percent. 

4a. Dense cover of Polystichum munitum and Oxalis oregana. 

5a. Adiantum pedatum, Athyrium filix-femina, Blechnum 

spicant, and Marah oreganus usually present. 

ADIANTUM PEDATUM -ATHYRIUM FILIX - FEMINA 

ASSOCIATION. 

5b. Cover of Polystichum munitum and Oxalis oregana 

exceeds 40 percent in lightspots and ranges from 

5 -80 percent in dense forests. There is no Marah 

oreganus and little Adiantum pedatum. One or more 

of the following are present in lightspots: Montia 

sibirica, Stellaria crispa, Dicentra formosa. 

POLYSTICHUM MUNITUM /OXALIS OREGANA 

ASSOCIATION. 

4b. Polystichum munitum cover usually less than 40 percent 

but occasionally reaching 85 percent in lightspots. Oxalis 

oregana cover, 5 -40 percent. Berberis nervosa, has 15 -85 

percent cover in lightspots and 5 -60 percent cover in 

dense forest. Montia sibirica, Stellaria crispa, Dicentra 
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Table 5. Continued. 

formosa and Athyrium filix - femina are not present in 

light spots. 

ACER CIRCINATUM /BERBERIS NERVOSA ASSOCIATION. 
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non -ecologists until the catastrophic effect of the burn is worn off. 

After about 10 -20 years, forest indicator species begin to return. 

With their return, the plant community key again becomes useful. 

An experienced synecologist can recognize the habitat -types regard- 

less of the severity of treatment. 

Adiantum pedatum- Athyrium filix -femina Association 

The tree layer of the Adiantum -Athyrium association is 

dominated by Thuja plicata (23 6% cover)- 5/ (Tables 7 and 8) . Other 

important trees present in order of decreasing dominance include 

Tsuga heterophylla, Pseudotsuga menziesii, and Umbelluleria 

californica (Tables 8 and 9). All tree species listed in Tables 7 and 

8 are reproducing except Pseudotsuga menziesii and Alnus rubra. 

The size class distribution suggests that Tsuga heterophylla, being 

present only in the smaller sizes, is increasing in dominance at the 

expense of Thuja plicata (Table 7). Adjacent stands in the 

Polystichum /Oxalis association have Tsuga present in the large size 

classes. Assuming, then, that a Tsuga seed source has always been 

available to Adiantum -Athyrium stands, Tsuga must not be as adapted 

or grow as large in this association as in the Polystichum /Oxalis 

association. It appears that Thuja plicata, rather than Tsuga 

range 
5/ Standard error of the mean is estimated by 

n - 



Table 6. Mean cover values of important understory indicator species in dense forest and lightspots 
of five associations (no lightspot data for Holodiscus /Gaultheria association). 

ASSOCIATION 
Dense Forest Lightspots 

SPECIES Adpe- 
Atfi- 

fe 

Pomu/ 
Oxor 

Acci/ 
Bene 

Rhma/ 
Bene 

Hodi/ 
Gash 

Adpe- 
Atfi- 

fe 

Pomu/ 
Oxor 

Acci/ 
Bene 

Rhma/ 
Bene 

Marah oreganus 
Asarum caudatum 

1 

. 1 
a/ +- 

2 

. 1 

Dicentra formosa .1 . 1 . 3 

Stellaria crispa 2 4 
Adiantum pedatum 4 .1 . 5 . 5 

Athyrium filix-femina 2 . 5 + 9 1 

Blechnum spicant . 6 1 . 2 .3 2 .2 
Tiarella trifoliata 1 .8 . 5 1 

Montia sibirica + .3 + .1 .3 .2 
Oxalis oregana 51 27 10 + .2 92 77 23 
Polystichum munitum 87 50 25 .4 8 98 89 28 3 

Berberis nervosa .1 7 24 24 44 13 57 36 
Acer circinatum .1 5 11 .2 2 24 72 20 
Rhamnus purshiana + . 4 .1 .3 . 3 

Linnea borealis + 2 + 3 .1 8 

Goodyera oblongifolia .1 . 1 .1 . 1 + .2 .3 
Chimaphila umbellata . 1 .3 . 1 + . 1 .3 
Anemone deltoidea . 2 + .2 
Rhododendron macrophyllum 1 .2 4 11 16 1 7 83 

' 



Table 6. Continued. 

SPECIES 

ASSOCIATION 
Dense Forest Lightspots 

Adpe- Pomu/ Acci/ Rhma/ Hodi/ Adpe- Pomu/ Acci/ Rhma/ 
Atfi- Oxor Bene Bene Gash Atfi- Oxor Bene Bene 
fe fe 

Gaultheria shallon . 3 1 1 52 . 5 15 1 

Philadelphus lewisii . 6 

Lonicera hispidula . 5 

Holodiscus discolor 30 + 

Symphoricarpos mollis 2 

Hierochloe occidentalis 3 

Ligusticum apiifolium . 7 

Madia gracilis . 5 

a/ Plus ( +) equals less than 0. 1% cover. 
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Table 7. Number of trees in DBHa/ size classes for 
/ 

old- growth 
dense forest plots of five associations- . 

ASSOCIATION 
SPECIES Diameter 

Size Class 
(Inches) 

Adpe- 
Atfi- 
fe 

Pomu/ Acci/ 
Oxor Bene 

Rhma/ 
Bene 

Hodi/ 
Gash 

Thuja Seedling 56 36 
plicata 0 -4 10 5 11 8 5 

5 -20 15 5 9 12 
21 -40 14 5 3 3 

41 -60 5 4 
61+ 1 

Tsuga Seedling 75 240 270 555 
heterophylla 0 -4 277 269 286 188 5 

5 -20 11 47 28 29 
21 -40 8 6 12 
41 -60 1 2 1 

Pseudotsuga Seedling 14 20 45 20 
menziesii 0-4 6 10 151 

5 -20 1 2 7 15 
21 -40 2 17 22 27 
41 -60 3 7 12 9 5 

61+ 3 5 2 1 4 

Abies 
grandis 0 -4 9 

Arbutus 
menziesii 5 -20 3 

Acer Seedling 15 
ma c r ophyllum 5-20 1 1 1 1 2 

21-40 1 1 

Taxus Seedling 5 10 

brevifolia 0 -4 2 1 

5 -20 1 1 1 
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Table 7. Continued. 

SPECIES 
ASSOCIATION 

Diameter Adpe- Pomu/ Acci/ Rhma/ Hodi/ 
Size Class Atfi- Oxor Bene Bene Gash 

(Inches) fe 

Umbellularia Seedling 6 

californica 0 -4 1 2 

5 -20 1 1 1 

Alnus 
rubra 5 -20 1 

Castanopsis 0-4 6 9 

chrysophylla 5-20 4 

Cornus 0 -4 1 

nuttallii 5 -20 1 1 1 

DEAD 

Thuja 0-4 2 1 2 

plicata 5-40 8 4 1 1 

Tsuga 0-4 5 1 2 

heterophylla 5-40 1 2 3 

41+ 1 1 

Pseudotsuga 0 -4 23 

menzie sii 5 -40 9 5 15 21 2 

41+ 5 4 1 

Abies 
grandis 0-4 1 

Umbellularia 
californica 0-4 1 

a/ Diameter at breast height (4. 5 feet). 

b/ Data weighted to n = 5 macroplots /association. 



Table 8. Mean cover of tree species by layer in dense forest (D) and lightspots (L) for the five 
associations. 

Percent Cover 
Adpe-Atfi-fe Pomu/Oxor Acci/Bene Rhma/Bene Hodi/Gash 

Tá/ S HT SH T S H T S H T S H 

Thuja Db/ 23 1 .1 17 2 .1 12 3 3 . 6 + .1 
plicata L 2 2 .2 .1 1 . 1 . 7 . 2 

Tsuga D 4 16 2 51 24 2 52 16 4 29 36 3 . 1 

heterophylla L 8 2 10 36 10 .7 18 8 11 24 .2 

Pseudotsuga D 2 22 .1 34 . 1 24 48 7 .9 
menziesii L 8 4 .1 22 . 3 15 

Acer D 1 1 + . 1 3 .7 .2 
macrophyllum L 2 .2 . 1 8 . 1 

Umbellularia D . 1 + + . 1 . 1 

californica L 

Alnus D + 

rubra L 

Taxus D 2 .2 6 1 

brevifolia L . 5 . 5 . 6 

Abies D + + . 1 

grandis L 

Arbutus D 3 

menziesii L 

a/ T = tree layer, S = shrub layer, H = herb layer. b/ D = dense forest, L = lightspots. íi 
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Table 9. Constancy of tree species in dense forest (D) and light - 
spots (L) for the five associations. 

% Constancy (D) vs. % Presence (L) 
Specie s Adpe- 

Atfi- 
fe 

Pomu/ Acci/ 
Oxor Bene 

Rhma/ 
Bene 

Hodi/ 
Gash 

Thuja plicata Dá/ 100 69 80 60 20 
L 50 62 33 60 

Tsuga heterophylla D 100 100 100 80 20 
L 100 100 100 100 

Pseudotsuga menziesii D 100 85 100 100 100 
L 50 69 83 100 

Acer macrophyllum D 25 15 40 80 
L 50 15 40 

Umbellularia californica D 25 8 20 
L 15 

Alnus rubra D 25 
L 

Taxus brevifolia D 50 8 20 20 
L 15 17 20 

Abies grandis D 20 
L 8 

Arbutus menziesii D 20 
L 

a/ D = dense forest, L = lightspots. 
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heterophylla, is the climax overstory dominant. 

The shrub layer is poorly represented in this association. 

The dominant is Vaccinium parvifolium (4 ± . 8 %) (Appendix 2). Tsuga 

heterophylla reproduction may occasionally have a higher cover. In 

contrast to the sparse shrub layer, the herb layer is dense. The 100 

percent constancy, three to six foot tall Polystichum munitum (87 ± 

3 %) and six inch tall Oxalis oregana (51 ± 4 %) dominate the herb layer 

(Table 6). The important indicator species having 100 percent con- 

stancy and low coverage values are Adiantum pedatum (4 ± 3 %), 

Athyrium filix - femina (2 ± 0. 6 %) , and Marah oreganus (1 t 0. 6 %) 

(Table 6) . 

There are a number of species which have indicator value by 

their absence. No (saprophytes) have been found in Adiantum -Athyrium 

stands (Appendix 2). Other species present in all associations 

studied but this one include: Hieracium albiflorum, Castanopsis 

chrysophylla, Whipplea modesta, Linnea borealis and Gaultheria 

shallon (Appendix 2). Tiarella trifoliata, which has 77 percent con- 

stancy in adjacent stands of the Polystichum /Oxalis association is 

always absent (Appendix 2). 

The relationships of soil series and physiographic characters 

to associations are presented in Figure 2. Small samples were used 

for the Adiantum -Athyrium, Acer /Berberis, and Holodiscus/ 

Gaultheria associations. The graphs show trends for these 

Mrc J/P 
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associations, but do not represent the total variation. On the other 

hand, data from old- growth and succession studies have been com- 

bined for the Polystichum /Oxalis and Rhododendron /Berberis asso- 

ciations. The large samples yield graphs representative for the two 

associations. 

Stands of the Adiantum -Athyrium association occupy about 10 

percent of the study area (Table 10). All stands studied were below 

900 feet elevation and on lower middle or lower slope positions 

(Figure 2). The steep (70 -85 %), lower slopes that support the asso- 

ciation are protected from prolonged periods of direct insolation by 

their aspect or their occurrence on the lower slopes of deep, narrow 

valleys. The valleys have been formed in the Tyee formation. 

Stands are underlain by the Slickrock soil series. The series has 

developed from coarse sandstone rock. About 50 -95 percent of the 

solum area is composed of gravel to boulder- sized, colluvial sand- 

stone rock. 

Polystichum munitum /Oxalis oregana Association 

Pseudotsuga menziesii (22 ± 6 %) is the most conspicuous 

member of the tree layer in this association, towering 100 feet above 

its closest competition, but Tsuga heterophylla (51 ± 8 %) is the domi- 

nant (Table 8). That is, Tsuga has the highest canopy cover. The 

third common tree species is Thuja plicata (17 ± 7 %). The size class 
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Table 10. Approximate percentage of study area occupied by each 
plant community. á/ 

Plant Community No. of Plots % of Area 

Adiantum -Athyrium 114 11.6 

Polystichum /Oxalis 366 36. 8 

Acer /Berberis 230 23.2 

Rhododendron / Berberis 258 26.0 

Holodi s cus / Gaulthe ria 13 1.3 

Carex streamsides 6 . 6 

Fraxinus swamps 4 .4 

Bare rock 1 . 1 

Total 992 100.0 

a/ Data were recorded by the author on 992 randomly located plots 
of Donald O. Swanson, Weyerhaeuser Company. 

data (Table 7) suggest that Pseudotsuga menziesii has enough young 

trees to perpetuate a small fraction of the present number of trees. 

Tsuga and Thuja are reproducing and will remain in the stands at 

present densities (Table 7) . 

The shrub layer is dominated by Tsuga heterophylla repro- 

duction (24 ± 7 %) (Table 8). The only high constancy shrub in the 

layer is Vaccinium parvifolium (92 %) which has 1 ± 0.4% cover. 

Although of relatively low constancy, Acer circinatum and Vaccinium 

ovatum have 5 and 1% mean cover, respectively (Appendix 4). 

- 
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Polystichum munitum (50 ± 7 %) and Oxalis oregana (27 ± 4 %) 

are the dominant components of the herb layer (Table 6, Figures 3 

and 4). A number of low cover or low constancy species are valu- 

able indicators of the Polystichum /Oxalis association when present. 

Some of these species illustrate the relatively close affiliation of this 

association to the Adiantum -Athyrium association. Others show the 

close relationship to the Acer /Berberis association (Appendix 2). 

Species which tie together the Polystichum /Oxalis and Adiantum- 

Athyrium associations include: Adiantum pedatum, Athyrium filix- 

femina, Blechnum spicant and Dicentra formosa. Those that show 

the relationship of the Polystichum /Oxalis to the Acer /Berberis 

association are Corallorhiza maculata, Tiarella trifoliata, Gaultheria 

shallon, Whipplea modesta, and Linnea borealis (Appendix 2) . There 

are gradual changes in environment throughout the range of this 

association. Some of the differences can be accounted for by changes 

in climate because of less annual precipitation and the hotter, drier 

summers in the eastern portion. One of the dominating influences, 

overstory tree cover, has been masked. No effective way was found 

to measure its influence. There is a continuum gradient in species 

composition and dominance (Appendix 2, lines 11 -15, 21, and 28) . 

In contrast, the lightspot association table (Appendix 3) shows no 

gradient pattern in the Polystichum /Oxalis association. No reason 

is known for the difference between dense forest and adjacent 



Figure 3. A climax stand of the Polystichum /Oxalis habitat -type, 
macroplot 16. 

Figure 4. A lightspot in a climax stand of the Polystichum /Oxalis 
habitat -type, near macroplot 16. 
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lightspots but there are several possibilities. First, there may be 

real, but minor, environmental changes which the herbaceous layer 

vegetation responds to only under dense forest where competition for 

moisture and nutrients is keen between trees and herbs. Secondly, 

there may be little change in the environment except for differences 

in light quantity and quality to which the understory vegetation 

responds. 

The Polystichum /Oxalis association occupies much of the 

lower and middle elevations (800 -1, 600) in the study area (Figure 2). 

Stands are usually on the lower slope position, especially on aspects 

protected from long periods of direct sunlight. The occasional stand 

occurs on lower parts of upper slopes and on southerly aspects 

(Figure 2). Slopes range from gentle to steep (0 -80%) (Figure 2). 

This habitat -type is associated with the Tyee sandstone forma- 

tion, but the soils have rarely originated from pure sandstone. 

Almost always, there is a mixture of sandstone and siltstone. Often, 

the siltstone has been brought to its present location as colluvium 

from upslope, pure siltstone deposits. The three soil series com- 

monly underlying the Polystichum /Oxalis association are the 

Bohannon, Matson, and Apt series. The three series have much in 

in common. They are deep soils. The C horizon usually occurs at 

35 -50 inches. Texture is usually clay loam and structure is moder- 

ate, fine subangular blocky. The Matson series, having more 
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siltstone in it, has lighter, redder -colored B horizons (7. 5YR 4/4- 

5/6 vs. 10YR 3/3 -3/4 moist color) than Bohannon or Apt. The 

Matson series also has fewer coarse fragments (0 -15% vs. 20 -80 %) 

and finer textured B horizons (clay vs. clay loam) than Bohannon or 

Apt. 

Stands of this association are located to benefit from down - 

slope lateral seepage which is common in the Tyee sandstone forma- 

tion. Occasionally, stands are found which do not have deep soils. 

The stands appear to be occupying old talus slopes and occur on 

north- or east -facing lower slopes. The fragmented nature of the 

sandstone rubble, apparently favorable seepage of water, and the 

protected topographic position yield a productive environment for a 

shallow soil. 

Acer circinatum /Berberis nervosa Association 

The Acer /Berberis association is dominated by Tsuga 

heterophylla (52 ± 16% cover) in the tree layer (Table 8). When 

Pseudotsuga menziesii (34 ± 14% cover) and Thuja plicata (12 ± 10% 

cover) are combined, they are 'of equal importance with Tsuga 

(Table 8). All three species are reproducing but the size -class data 

(Table 7) indicate that only Tsuga and Thuja will maintain themselves 

in approximately the same proportion. Pseudotsuga will decline in 

cover as succession advances (Table 7). There is a tendency for 
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Pseudotsuga to reproduce in the lightspots rather than in the dense 

forest. Such reproduction is not illustrated in Table 7. Stands 

studied ranged in age from 300 to 500 years old. 

The shrub layer is dominated by Tsuga heterophylla reproduc- 

tion (16 ± 8% cover) (Table 8). Shrubs usually present include Acer 

circinatum (11 ± 8% cover), Vaccinium parvifolium (3 ± 1% cover) 

and Vaccinium ovatum (4 ± 1% cover) (Appendix 4) . Rhododendron 

macrophyllum is a low- constancy species but may have coverages of 

up to 20 percent in the dense forest (Appendix 2) . 

Dominance in the herb layer is shared by Polystichum 

munitum (25 ± 5% cover) and Berberis nervosa (24 ± 10% cover) 

(Table 6). The only other species with mean cover values greater 

than 1% include: Oxalis oregana (10 ± 3 %), Viola sempervirens 

(5 ± 2 %) and Linnea borealis (2 ± 1 %) (Appendix 4). Low cover spe- 

cies of indicator value are Blechnum spicant, Anemone deltoidea, 

Tiarella trifoliata, Festuca rubra, Gaultheria shallon, Goodyera 

oblongifolia, and Chimaphylla umbellata (Appendix 2). Species which 

are of indicator value by their absence include: Dicentra formosa, 

Iris tenax, and Acer macrophyllum (Appendix 2) . 

Stands of the association are characteristically found at lower 

to middle elevations (900 -1, 500 feet) near the bottom of long slopes 

(Figure 2). They occur on gentle to steep slopes (20 -85 %) on pre- 

dominantly south or west aspects (Figure 2). In the western and 
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central portion of the study area, stands occupy south- and westerly - 

facing, lower slopes while stands of the Polystichum /Oxalis associa- 

tion occur on the opposing north- or east -facing, lower slopes. 

Above, on the ridges and upper slopes, occur stands of the 

Rhododendron /Berberis association. 

The Acer /Berberis association is closely associated with the 

distribution of the Elkton siltstone member on south- and west -facing, 

lower slopes. Usually, about 4 -20 feet of soil and soft siltstone 

rock overlie partially weathered, layered Tyee sandstone. Moisture 

apparently permeates through the siltstone to the hard, layered sand- 

stone where it then moves downslope along the interface. The amount 

of water (and probably nutrients) made available by lateral seepage 

is important to deep- rooted vegetation, and for recharging the soil 

profile. Very likely, much of the high timber productivity of the 

Acer /Berberis association can be attributed to the surface proximity 

of the siltstone- sandstone interface. 

The Millicoma and Matson soil series which underlie stands 

of the association have developed under the geologic frequent condi- 

tions indicated above. In addition, because of their frequent occur- 

rence on steep slopes, colluvium has strongly influenced all soils 

studied. 
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Rhododendron macrophyllum /Berberis nervosa Association 

The Rhododendron /Berberis association is dominated by 

either Pseudotsuga menziesii (24 ± 12% cover) or Tsuga heterophylla 

(29 ± 12% cover), or dominance is shared between the two species 

(Table 8). Thuja plicata (3 ± 3 %) is the only other tree that regularly 

occurs (Table 8). All three tree species are reproducing. Tsuga 

and Thuja reproduce primarily in the shade. Pseudotsuga is repro- 

ducing in the many large lightspots. Stands studied range from 300 

to 500 years old. The fairly common 400 -500 year old Pseudotsuga 

trees of the Polystichum munitum association were rarely present. 

Perhaps there is an inherent difference in environment in the 

Rhododendron /Berberis habitat -type which does not permit 

Pseudotsuga menziesii to live much beyond 300 years. Castanopsis 

chrysophylla takes the form of a tree in the association and is a 

useful indicator species when present. Castanopsis cover is not 

given for the tree layer (Table 8) because it was not separated in the 

field from shrub layer cover. 

The understory of a dense forest of this association is very 

sparse. If there is a shrub layer present, either Tsuga heterophylla 

(36 ± 17 %) or Rhododendron macrophyllum (11 ± 7 %) are the domi- 

nants (Tables 6 and 8, Figure 5). In the shrub layer, no other spe- 

cies consistently averages more than 1% cover. The herb layer 
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is dominated by Berberis nervosa (24 ± 13 %) (Table 6). Subordinate 

indicator species include Goodyera oblongifolia and Chimaphylla 

umbellata (Appendix 2). The saprophyte, Allotropa virgata, is the 

only species found restricted to one association (Appendix 2). 

The absence and low cover of many species are highly useful 

indicators of the Rhododendron /Berberis association. Those absent 

include: Athyrium filix -femina, Blechnum spicant, Tiarella 

trifoliata, Adenocaulon bicolor, Smilicina sessilifolia, Galium 

triflorum, and Vancourveria hexandra (Appendix 2). A number of 

species listed as absent (Appendix 2) have been found in serai stages 

of other habitat -types. Species with markedly reduced constancy 

or cover are Luzula parviflora, Acer circinatum, Oxalis oregana, 

Polystichum munitum, Linnea borealis and Rhamnus purshiana. 

Most stands of the association occur in the 1,200 to 1,900- 

foot elevation range. The slopes may be gentle or steep (5 -75 %) 

Figure 2). Although stands occasionally occur on north slopes, 

most are on southerly aspects, exposed to direct insolation 

(Figure 2) . 

The Rhododendron /Berberis association is closely associated 

with soils developed from the Elkton siltstone member and to a 

lesser degree with the Coaledo sandstone formation. All soils are 

well drained. They often have heavy clay B horizons, may be 

shallow or deep, and range from extremely stony to nearly stonefree. 
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Stands have been recorded on the Bohannon, Millicoma, Matson, 

Apt, and Ivers soil series (Figure 2). Most stands are underlain by 

the stony phase of the Matson or the Millicoma series (Figure 2). 

Holodiscus discolor /Gaultheria shallon Association 

The Holodiscus /Gaultheria association is the only habitat -type 

studied that does not have Tsuga heterophylla or Thuja plicata as the 

climax tree dominant. This association is on the boundary of the 

ecological amplitude of both species. Tsuga and Thuja rarely occur 

(Table 7). Pseudotsuga menziesii (48 ± 9 %) is the serai and climax 

dominant tree species (Table 7, Figure 6). Pseudotsuga can readily 

reproduce, apparently, because of the relatively high light intensity 

in the understory. Other trees of indicator value, when they occur, 

include: Libocedrus decurrens, Arbutus menziesii, Castanopsis 

chrysophylla and Abies grandis. Stands studied ranged in age from 

250 to 400 years old. The older stands showed evidence of being 

lightly burned within the past 200 years (Figure 6). 

The shrub layer is well -developed, probably as a result of 

the relatively open tree overstory. Holodiscus discolor (30 ± 13%) 

is the usual shrub layer dominant (Table 6). Either Rhododendron 

macrophyllum (16 ± 9 %) or Corylus cornuta (15 ± 14%) may share 

dominance in some stands (Appendix 2). Pseudotsuga reproduction 

has 7 ± 3% cover (Table 8). Philadelphus lewisii and Lonicera 



Figure 5 A near - climax stand of the Rhododendron /Berberis 
habitat -type, macroplot 34. 

Figure 6. A climax stand of the Holodiscus /Gaultheria habitat- 
type, macroplot 25. 
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hispidula were recorded only in stands of the Holodiscus /Gaultheria 

association (Table 6, Appendix 2). 

The herb layer is codominated by Gaultheria shallon (52 ± 

12 %) and Berberis nervosa (44 ± 6 %) (Table 6). The herb layer 

species that only occurred in the Holodiscus /Gaultheria association 

(Table 6, Appendix 2) include: Ligusticum apiifolium, Hierochloe 

occidentalis, Madia gracilis, and Symphoricarpos mollis. Satureja 

douglasii, Collomia heterophylla, Tellima grandiflora, and Bromus 

vulgaris, which were only found on this habitat -type in the old - 

growth forest study (Appendix 2), were later found in other habitat - 

types. 

Lightspots 

The old- growth forest stands have a highly variable tree 

understory cover. There is a patchwork mosaic of alternating dense 

tree canopies and variable -sized openings which are referred to as 

lightspots (Figure 4) . The lightspots are a natural part of the old - 

growth forest in four of the associations. 

Thuja plicata or Tsuga heterophylla are often the climax 

dominants in the Adiantum -Athyrium, Polystichum /Oxalis, Acer/ 

Berberis and Rhododendron / Berberis associations. Both species 

produce a thick, dense canopy, effectively reducing light intensity 

in the understory. The low light level detrimentally affects 



Table 11. Total cover by layers and life form in dense forest and lightspots of four forest 
associations. 

ASSOCIATION 
CHARACTER Adpe - atfife 

DF á/ LS á/ 
Pomu /Oxor 

DF LS 

Acci /Bene 

DF LS 

Rhma /Bene 

DF LS 

Grand Total Tree Cover 49 22 119 63 122 52 97 60 

Tree Cover - Tree Layer 30 10 91 16 98 24 56 27 
Tree Cover - Shrub Layer 17 10 26 37 20 19 38 33 
Tree Cover - Herb Layer 2 2 2 10 4 9 3 .3 

Tall Shrub Cover/ +E/ 5 8 30 11 82 14 105 
Low Shrub Cover di 6 1 2 8 15 5 2 

Grass and Grass -Like Cover 1 1 2 3 2 5 1 1 

Fern Cover 94 108 52 92 25 29 .4 3 

Saprophyte Cover .3 .1 .4 .1 + .8 
Forb Cover 57 103 42 104 47 99 26 39 

Shrub Layer Cover-el 17 15 34 67 31 101 52 138 
Herb Layer Cover! / 160 214 99 211 86 157 35 46 

a/ DF = dense forest, LS = lightspot. 

c/ Plus ( +) equals less than 0. 1% cover. 

b/ Shrubs in shrub layer. 

d/ Shrubs in herb layer. 

e/ Including tree reproduction cover in the layer. 



Table 12. Mean cover of species which respond to over story tree canopy removal, or are of high 
indicator value in lightspots (summary data taken from Appendix 4). 

ASSOCIATION 
- Adpe - Atfife 

DFá' LS-a/ 

Pomu /Oxor 
DF LS 

Acci /Bene 

DF LS 

Rhma / Bene 

DF LS 

Cover of overstory openings 74 92 12 80 11 91 31 64 
Cover of direct lighting at ground level 92 98 27 96 20 84 43 81 

SPECIES 

Rhododendron macrophyllum . 1 . 2 1 4 7 11 83 
Acer circinatum . 1 2 5 24 11 72 . 2 20 
Berberis nervosa . 1 7 13 24 57 24 36 
Gaultheria shallon . 3 . 5 1 15 1 1 

Adiantum pedatum 4 . 5 .1 . 5 
Athyrium filix - femina 2 9 . 5 1 + 
Polystichum munitum 87 98 50 89 25 28 . 4 3 
Oxalis oregana 51 92 27 77 10 23 + 
Montia sibirica + .3 .3 .2 + . 1 

Stellaria crispa 2 4 
Dicentra formosa . 1 .1 .3 

a/ DF = dense forest, LS = lightspot. 



understory vegetation. Consequently, dense forests have a lower 

total shrub and herb cover than do lightspots (Table 11). 

The Adiantum -Athyrium association is dominated by Thuja 
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plicata (Table 8). The tree layer only averages about 30 percent 

cover, leaving 70 percent as openings. Some overstories are so 

sparse that there is no understory vegetation response to removal of 

the tree canopy. Two of the four stands studied were found to have 

a tree canopy thick enough to differentiate dense forest from light - 

spots. The Adiantum -Athyrium association has almost no tall shrubs 

and there is no response in the shrub layer (Table 11). Cover in the 

herb layer increases from a mean of 160 percent in the dense forest 

to 214 percent in the lightspots (Table 11). Ferns and forbs make up 

the increase. Specifically, they are Oxalis oregana (from 51 ± 4% to 

92 ± 8 %) , Polystichum munitum (from 87 ± 3% to 98 ± 0 %) , and 

Athyrium filix -femina (from 2 to 9 %) (Table 12) . 

In the Polystichum /Oxalis association, Tsuga heterophylla 

and Thuja plicata have a combined cover of 68 percent. There is a 

dramatic contrast in understory cover between dense forest and 

lightspots. The shrub layer cover increases from 34 to 67 percent 

while the herb layer cover changes markedly from 99 to 211 percent 

(Table 12). Tall shrubs, ferns, forbs, and even some grasses 

respond in lightspots. Only the saprophytes decline in cover 

(Appendix 4, lines 31, 32). The following species make up the main 



75 

increase in cover in lightspots: Oxalis oregana (from 27 to 77 %) , 

Polystichum munitum (from 50 to 89 %), and Acer circinatum (from 5 

to 24%) (Table 12). Stellaria crispa rarely occurs in the dense forest 

but is frequently found in lightspots. It has 38 percent presence and 

4 percent cover in lightspots. Stellaria crispa is a valuable diagnos- 

tic indicator species in the Polystichum /Oxalis and Adiantum- 

Athyrium associations. The presence of Stellaria crispa in a light - 

spot, especially when in combination with any one of Montia sibirica, 

Dicentra formosa or Athyrium filix - femina (Appendix 3), effectively 

differentiates stands of the Polystichum /Oxalis association from those 

of the Acer /Berberis association (Appendix 3, lines- 54 -57). Such a 

differentiation is sometimes difficult to make using only dense forest 

vegetation data (see Appendix 2, macroplots 21 and 8). 

Lightspots have a different vegetative structure in the Acer/ 

Berberis association than do dense forests. Total shrub and herb 

layer cover greatly increases when the total tree cover is reduced 

by one -half (Table 11). In the lightspot data of Table 11, as one 

proceeds from the Adiantum /Athyrium association to the progres- 

sively more xeric associations, there is a steady build up in shrub 

layer cover and a continual decline in cover of the herb layer. This 

is probably closely related to the moisture and nutrient supply. It 

seems likely that the deeply rooted shrubs are more adapted to drier 

conditions than are herbs. In line with these observations, lightspots 
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of the Acer /Berberis association have a higher shrub layer cover and 

a reduced herb layer cover in comparison to the Polystichum /Oxalis 

association (Table 11). In the shrub layer, Acer circinatum cover in- 

creases from 11 ± 8% to 72 ± 19% (Table 11). In the herb layer, 

Polystichum munitum cover changes slightly while Oxalis oregana 

increases from 10 ± 3% to 23 ± 7% mean cover (Table 12). Berberis 

nervosa comprises most of the herb layer increase going from 24 ± 

10% to 57 ± 14%. When Gaultheria shallon occurs, it has a higher 

cover in lightspots. 

The Rhododendron /Berberis association is the driest habitat - 

type displaying the lightspot phenomenon. Continuing the trend first 

made apparent in the Acer /Berberis association, Rhododendron/ 

Berberis has the highest lightspot shrub layer cover and the lowest 

herb layer cover of the four associations (Table 11). The 138 percent 

mean cover for the shrub layer is nearly three times greater than in 

the dense forest. Mean cover increases slightly in the herb layer 

(from 35 to 46 %) . 

The principal species involved in the increased shrub layer 

cover are Rhododendron macrophyllum (11 ± 7% vs. 83 ± 12%) and 

Acer circinatum (0.2 ± 0. 1% vs. 20 ± 17 %). Many low cover herba- 

ceous species increase by several times (Appendix 3). Some of them 

are Trillium ovatum, Whipplea modesta, Goodyera oblongifolia, and 

Polystichum munitum (Appendix 3, lines 62, 86, 38, and 72). 
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Little has been said about the response of tree reproduction 

to overstory removal. Cover of tree reproduction is not significantly 

higher in lightspots (Table 8). In lightspots and dense forest, most 

tree reproduction is shade -tolerant Tsuga heterophylla. The growth 

rate of trees under the two light regimes is not evident in cover data. 

There needs to be further study to determine if trees are growing 

more rapidly in lightspots. 

The Holodiscus /Gaultheria association is the only one studied 

that did not show response by the understory vegetation to reduced 

overstory tree cover. In this relatively xeric habitat -type, trees 

rarely exceed 160 feet tall, even when 300 years old. Over story 

openings in the "dense" forest average about 50 percent (Appendix 2). 

Further, the short, sparsely foliated trees and narrow, ridgetop 

position apparently permit a light intensity and quality to reach the 

ground that is not limiting to understory vegetative growth. The one 

exception is Pseudotsuga menziesii reproduction. Although young 

Pseudotsuga trees commonly occur throughout Holodiscus/Gaultheria 

stands (Table 7), they are most abundant and apparently grow faster 

in natural openings. 

A Synthesis of the Old- Growth Forest Study 

Association tables for the dense forest (Appendix 2) and the 

lightspots (Appendix 3) indicate that some associations are more 
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closely related than are others. For instance, the Polystichum/ 

Oxalis association has many of the same plant species as the Acer/ 

Berberis association. In contrast, the Adiantum -Athyrium and 

Holodiscus /Gaultheria associations have comparatively few of the 

same species. A statistical method was selected from the literature 

to assist in interpreting the relationship of one association to another. 

The coefficient of community as used by Jaccard (1912) has the 

formula given below: 

Number of species common 

Coefficient of community = 
to the two areas x 100 
Total number of species 
in the two areas 

The coefficient of community values in Table 13 range from a high 

of 56 for the Polystichum /Oxalis- Acer / Berberis associations to 

a low of 35 for the Adiantum- Athyrium -Holodiscus /Gaultheria asso- 

ciations. Apparently 50 is a reasonable dividing point. Any two 

associations that have a coefficient of community above 50 appear to 

be closely related while those with values less than 50 are known to 

be comparatively unrelated. All figures seem rational and appear 

to effectively summarize the relationships among associations 

observed in Appendix 2. 

In order to test further the usefulness of the coefficient of 

community method, 11 stands of the dense forest have been selected 

and compared (Table 14). Macroplots 21 and 8 were included to test 
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Table 13. Coefficient of community comparing dense forest stands 
of five associations. 

ASSOCIATION Adpe- Pomu/ Acci/ Rhma/ Hodi/ 
Atfife Oxor Bene Bene Gash 

Adpe -Atfi-fe 
Pomu / Oxor 
Acci/ Bene 
Rhma / Be ne 
Hodi/Gash 

X 52 45 40 35 
X 56 48 47 

X 54 44 
X 44 

X 

the usefulness of the statistical method in differentiating stands in 

different associations that are closely related. The maximum range 

in coefficients of community is 11 -63 (Table 14). The maximum 

range for stands within the same association is 37 -63 (Table 14). An 

elementary analysis of data in Table 14 has been made following the 

procedures given for a cluster method in Sokal and Sneath (1963, p. 

305 -306). The first step is to find mutually highest correlations-6/ 

among stands as central points of the clusters to be formed. Two 

clusters, stands 8 -28 and stands 25 -30 have mutually highest cor- 

relations. All other stands do not have mutually highest correlations 

as central points in the cluster. An examination of Table 14 reveals 

that there is no other stand with a close enough coefficient to join the 

6/ A mutually highest correlation refers to a correlation between 
two stands which is higher than those of either stand to any other. 
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cluster of stands 25 -30. Stand 21, however, has a high enough coef- 

ficient between both stands 8 and 28 to enable it to join the stand 8 -28 

cluster. 

The high coefficient of community between stands 8 and 28 is 

further documentation that stand 8 fits into the Acer /Berberis asso- 

ciation. The closeness of stand 8 to stands 21 and 20 is also illus- 

trated. Stand 21 is more closely related to stand 28 (coefficient of 

community -56, Table 14) than was previously considered. A careful 

examination of cover data for vegetation in the two stands (Appendix 2) 

appears to document the statistic. The lightspot vegetation data for 

the two stands (Appendix 3) reveals striking differences. The three 

important indicator plants for the Polystichum /Oxalis association, 

Montia sibirica, Stellaria crispa, and Dicentra formosa are present 

only in stand 21 while Gaultheria shallon (63% cover) is only present 

in stand 28. However, the coefficient of community for lightspot 

stands 21 and 28 is 50. This high coefficient of community for two 

very different stands reveals that this statistical method is not infal- 

lible. It is relatively crude because it only considers species pres- 

ence or absece, not dominance. The method cannot differentiate the 

presence or absence of ubiquitous species from that of indicator spe- 

cies. Nevertheless, Jaccard's (1912) method is a useful first step 

in vegetation analysis. It provides additional information to be more 

fully investigated in the association tables. 
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It is desirable to compare a fairly uniform number of species 

per stand. The number of species per stand compared in Table 13 

ranged from 13 to 45. Such a wide range results in inaccuracies. 

For example, stands 7, 18, and 34 all had less than 17 species per 

stand. When the stands were compared with others in the same asso- 

ciation, low coefficients in the 37 to 41 range were obtained (Table 

14). When stands that had a higher number of species were compared 

with others in the same association, the coefficients of community 

ranged from 48 to 63 (Table 14). 

It has been observed in the literature that some of the plant 

communities characterized in this study are related to others de- 

scribed by earlier workers. The relationships are summarized in 

Table 15. All studies cited in Table 15 were conducted, at least in 

part, in the Oregon Coast Range except for McMinn (1960) who re- 

stricted his work to Vancouver Island. Some of the plant communi- 

ties described by McMinn (1960), however, occur in the Oregon Coast 

Range. The plant communities have been placed on a dry to wet 

gradient going from top to bottom in Table 15. 

The Holodiscus /Gaultheria association described in this study 

is apparently identical with the Holodiscus /Gaultheria plant commu- 

nity of Corliss and Dyrness (1961) (Table 15). Both communities are 

related to the Pseudotsuga community of Merkle (1951), the Lichen - 

Gaultheria- Pseudotsuga community of Becking (1954) and the 



Table 14. Coefficient of community of selected dense forest stands for five associations. 

ASSOCIATION 
Adpe- 
Atfi 

Pomu/ 
Oxor 

Acci/ 
Bene 

Rhma/ 
Bene 

Hodi/ 
Gash 

Stand Number 4 7 18 20 21 8 28 11 34 25 30 

4 X 37* 34 35 43 48 39 29 29 31 27 

7 X 32 30 28 28 27 21 29 14 13 

18 X 41*á/ 33* 26 25 27 25 17 17 

20 X 48* 38 42 40 20 22 22 

21 X 50111 56 31 23 30 28 

8 X 59* 43 31 45 48 

28 X 33 39 37 30 

11 X 37* 33 34 

34 X 23 17 

25 X 63-,,c1 

30 X 

Number of 
species/ stand 35 13 16 22 24 33 29 27 14 45 40 

a/ An asterisk indicates that the two stands compared are in the same association. 
b/ Single underline indicates coefficient of community in the 50 -59% range. 
c/ Double underline indicates coefficient of community in the 60 -69% range. 

- 



Table 15. The approximate positions of forest plant communities of the Oregon Coast Range on the moisture scale from dry to wet. Plant communities described in six other studies are compared with the present research 

Spilsbury 
and McMinn (1960) Beckling (1954) 
Smith (1947) 

Bailey 
(1963) Merkle (1951) 

Corliss 
and Bailey 

Dyrness(1961) (1966) 

DRY 
DRY a/ b/ J Gash- -Usnea Lichen -Gash -Psme Psme Hodi -Gash Hodi /Gash 

Psme -Pico -Gash 
-Peme -Pe ap 

Gash- Parmelia Arme- Gash -Psme 
Psme -Tshe -Gash Acm a/ Symo 

Gash -Psme -Gash Montane Gash -Psme Vapa /Gast: Gash 
Lowland Gash -Psme Ptaq /Locr 
Lubalpine Gash -Psme 

Pomu -Gash Psme -Tshe -Hysp -Euor Acci -Gash Acci /Bene 
Fog Belt Gash -Psme Psme -Abno -Tshe 

Rhma/Bene 

Pomu 

Gash -Pomu 
Rupa/Trla 

Asca -Pomu -Psme Acci -Coco Acci -Pomu 
Montane -Pomu-Psme Pomu Pomu/ Oxor 
Subalpine - Pomu -Psme Tshe -Abno -Psme 

Psme -Thpl-Pomu Typical Pomu -Psme Alru -Acci 
Fog Belt Pomu -Psme Alru /Pomu Rusp -Pomu 

Acma -Alm 
Wet Pomu -Psme Pomu -Oxor- Adpe- Atfi -fe 

Thpl -Lyam 
WET 

WET 

b/ The generic name or the first two letters of the genus and the species have been used for the name of each plant community. 

- A solid line between two communities reveals that at the present level of knowledge they are equivalent. 
c A dashed line between two communities reveals that they are closely related if not equivalent. 

a 
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Gaultheria -Usnea community of Spilsbury and Smith (1947). 

The Polystichum /Oxalis and Adiantum- Athyrium associations 

are apparently identical with the Polystichum and Polystichum- Oxalis 

communities, respectively, described by Corliss and Dyrness (1961). 

These communities in turn have relationships to communities de- 

scribed by Becking (1954). For further community relationships, the 

reader is referred to Table 15. 

Lightspots have been demonstrated to be a useful part of 

phytosociological classification of the old- growth stands included in 

this study. It was first thought that lightspots would have a hetero- 

geneous vegetation because of their variable history. As will be 

shown in the succession study, however, the forest indicator vegeta- 

tion returns rapidly to logged areas that have not had their soil sur- 

face drastically altered. Such disturbance is probably comparable 

to that which created most lightspots. The single unifying environ- 

mental factor, light, apparently overrides the variable history of the 

lightspots and results in a more homogeneous vegetation (Appendix 3) 

than can be found in the adjacent dense forest (Appendix 2). Such 

homogeneity, in addition to the presence of certain indicator species 

only in lightspots, justifies their more intensive use in a phytosociol- 

ogical classification of similar forest vegetations. 

Munger (1940) noted that Pseudotsuga menziesii is replaced 

by Tsuga heterophylla after five or six centuries. The present study 
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has demonstrated the existence of considerable variation among 

habitat -types in the longevity of Pseudotsuga. Pseudotsuga menziesii 

is long -lived in the Adiantum -Athyrium and Polystichum /Oxalis 

habitat -types, 500 -year -old trees being relatively common. The 

species is generally more short -lived in the Acer /Berberis and 

Rhododendron /Berberis habitat -types where 350 -year -old trees are 

considered by the writer to be old. The reasons for the differential 

life span are not known. They are assumed to be related to the adapt- 

ability of the species to the soil and microclimatic environment pro- 

vided by the respective habitat -types. In addition, the frequent upper 

slope and ridgetop positions of many Rhododendron /Berberis stands 

result in high mortality of Pseudotsuga because of blowdown. 

Pseudotsuga menziesii apparently lives to about 300 -400 years in the 

Holodiscus /Gaultheria association. 

Since Pseudotsuga menziesii becomes either a minor com- 

ponent or is non -existent in the climax stage of Adiantum -Athyrium 

and Polystichum Oxalis habitat -types, it takes about 500 -700 years 

for climax to be reached. In contrast, Pseudotsuga menziesii is the 

seral and climax tree dominant in the Holodiscus /Gaultheria habitat - 

type. Stands studied ranged from 250 to 400 -years -old. All stands 

are in the climax stage. The Rhododendron /Berberis and Acer/ 

Berberis habitat -types reach climax in about 300 and 400 years, 

respectively. 
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A Methods Comparison 

Four methods were used to document species composition and 

dominance in the dense forests of old- growth stands. The methods 

are listed below: 

1. In macroplot, reconnaissance level cover estimates 

were made for all species observed. 

2. In macroplot, cover estimates were made on all species 

observed in 40 systematically placed observation plots. 

3. Any species not recorded by either method (1) or (2), 

but later observed in the macroplot, was recorded 

in a separate list. 

4. Any species not present in the macroplot but in the 

adjacent stand was recorded in a separate list. 

Data in Appendix 2 are so identified that one can judge the 

effectiveness of some of the methods. Of particular interest is how 

effective the quantitative method (40 observation plots /macroplot) is 

in documenting species composition and dominance. The percentage 

of species not recorded in the 40 observation plots but recorded in 

the reconnaissance level data is given by association as follows: 

Adiantum -Athyrium -28 %, Rhododendron / Berberis -27 Polystichum/ 

Oxalis -26%, Acer /Berberis -20 %, and Holodiscus /Gaultheria -12 %. 

Most of the species not recorded had less than 3% cover and were 
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easily missed by the systematically placed observation plots. With 

the reconnaissance method, more species were recorded than by 

the quantitative method in 30 out of 32 macroplots. The same number 

was recorded in two macroplots. One can conclude that much data, 

valuable in characterizing associations, would have been lost if the 

reconnaissance method had not been superimposed upon the quantita- 

tive method. 

Using species -area curves, Bailey (1963) has demonstrated 

that forty, 2 x 5 dm observation plots record an adequate percentage 

of species present in seral vegetation of the Oregon Coast Range. If 

this is true for the heterogeneous serai vegetation of the Tillamook 

Burn, then it is assumed to be adequate in the more homogeneous 

forest vegetation of the southern Oregon Coast Range. Such species - 

area curves appear to be of questionable value in determining sample 

size for association characterization. Frequently, the low constancy, 

low cover species are the high fidelity, indicator species. 

For the high constancy, high cover species, the 40 observa- 

tion plots /macroplot can be expected to give a closer estimation of 

species cover than can reconnaissance level data. The reconnais- 

sance data have added much, however, to the accuracy of the species 

composition record for each macroplot. Species composition and 

dominance data can be recorded in a macroplot by the reconnais- 

sance method in about 15 minutes. In contrast, it takes two hours 
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to record the same data by the quantitative method. The importance 

of including reconnaissance level estimations in quantitative docu- 

mentation cannot be overemphasized. By using the quantitative and 

reconnaissance methods together, more than 95 percent of the spe- 

cies found in the macroplots were recorded. 

The species recorded at least 30 percent of the time by a 

method other than quantitative.and considered inadequately sampled 

using 40 observation plots /macroplot, are recorded in Table 16. 

The species had to occur in at least 5 of 34 macroplots before being 

considered. 

The maximum cover recorded for small, single plants that 

would fit inside a six -inch cube was 3 percent. Such diminutive 

plants are often missed by the reconnaissance method and more so 

by the quantitative method (Table 16). Inadequate sampling is illus- 

trated more clearly with large plants in the 12 to 24 -inch cube size. 

Such species are nearly always recorded by the reconnaissance 

method while the quantitative method too frequently misses them. 

The multistemmed shrubs such as Corylus cornuta, 

Rhododendron macrophyllum, and Acer circinatum pose a difficult 

sampling problem when they occur in low coverages. It is relatively 

easy for the randomly located transect lines not to pass under the 

single individual in the macroplot. In contrast, the plants are con- 

spicuous and are readily recorded by the reconnaissance method. 



Table 16. Species in the dense forest inadequately sampled by the quantitative method. 

SPECIES 

No. of Oc- 
currences 
(34 max.) 

Percent of Occurrence 
Recorded in 

Plot by Recon- 
naissance Only 

( %) 

In Plot, Missed 
by Quant. and 

Reconn. Methods 
( %) 

Not in Plot 
but in 
Stand 

( %) 

Individual plant fits into 6" cube 
Monotropa uniflora 7 57 29 14 
Goodyera oblongifolia 13 31 23 
Viola glabella 8 25 37 
Trientalis latifolia 19 42 

Individual plant fits into a 12" cube 
Adiantum pedatum 7 71 14 
Festuca rubra 8 37 13 
Smilicina sessilifolia 8 38 13 
Corallorhiza maculata 10 60 10 20 
Iris tenax 6 33 33 
Dicentra formosa 7 43 29 
Whipplea modesta 10 30 20 
Senecio sylvaticus 8 50 13 
Vancouveria hexandra 19 32 6 

Hieraceum albiflorum 6 67 
Osmorhiza chilensis 5 60 
Chimaphila umbellata 9 55 
Adenocaulon bicolor 11 45 
Lotus crassifolius 5 40 
Montia sibirica 12 33 °o 



Table 16. Continued. 

SPECIES 
No. of Oc- 
currences 
(34 max.) 

Percent of Occurrence 
Recorded in 

Plot by Recon- 
naissance Only 

( %) 

In Plot, Missed 
by Quant. and 

Reconn. Methods 
( %) 

Not in Plot 
but in 
Stand 

( %) 

Individual plant fits into a 12" cube (Cont.) 
Trillium ovatum 24 33 

Individual plant fits into a 24" cube 
Luzula parviflora 15 53 7 

Blechnum spicant 15 40 7 

Trisetum canescens 6 17 33 

Individual plant greater than a 24" cube 
Corylus cornuta 7 14 57 

Castanopsis chrysophylla 10 10 50 

Rhododendron macrophyllum 19 21 42 

Acer circinatum 17 35 30 

Rhamnus purshiana 6 33 17 

Taxus brevifolia 6 50 17 

Gaultheria shallon 16 31 13 
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The 5 by 25 meter macroplot appears to be adequate for 

documenting species composition of shrub and herb layer vegetation. 

Only 2 -13 percent of the species were found in the adjacent stand but 

not it the macroplot. 
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PART 3: SECONDARY SUCCESSION 

Interruptions in the natural successional sequence have dra- 

matically affected stands of all five habitat -types. The response of 

vegetation to disturbance differs from one habitat -type to another. 

In the 1965 field season, a succession study was conducted in an at- 

tempt to unravel observed changes, but available field time limited 

the scope of the project. The Polystichum /Oxalis and Rhododendron/ 

Berberis habitat -types were selected for intensive study. Both 

environmental units occupy a large proportion of the study area 

(Table 10) and could be found in all desired early seral stages. The 

term habitat -type will be used because association refers only to 

climax communities. 

The purpose of the study was to gain an understanding of vege- 

tative changes from time of disturbance to climax. In addition, an 

attempt was made to relate patterns of Roosevelt elk use on recent 

clear -cuts to vegetative development (succession). Attention was 

focused on early seral stages because of their rapid change, impor- 

tance in wildland management, and number of examples available for 

study. 

Previous experience in the area and the recorded heavy use 

by elk of early seral stages (Harper, 1966; Swanson, 1965) resulted 

in analysis by the following successional stages (in years , --ince last 



disturbed): 1, 2, 3, 4, 5, 6, 7, 8 -9, 10 -15, 25 -45, 55 -80, 190. 

Methods 

The 1 to 15- Year -Old Stages 

93 

In all 1 to 15- year -old clear- cuttings sampled, the primeval 

forest had been logged by either the high lead or tractor systems. 

The pattern and intensity of disturbance were closely related to the 

logging system used. In each stand, the highly variable degree of 

disturbance strongly influences vegetative succession. To account 

for this variability, disturbed and undisturbed areas were sampled 

separately. Within each stand, two pairs of undisturbed and dis- 

turbed plots were located in areas representative of the habitat -type 

being sampled. Each pair was separated by a reasonable distance 

in order to estimate within -stand variability. The paired plots were 

kept as close together as the disturbance pattern allowed. The 6 by 

30 -foot plot used was estimated visually and measurements were 

made periodically to check accuracy. Canopy coverages of plants 

were estimated using a seven -class system previously described 

(Table 4). Four stands in each age class were sampled in the above 

manner; 72 were sampled in 1 to 15- year -old stands. A total of 288 

plots were sampled. 

Stands selected for sampling were intentionally distributed 
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throughout the study area. Sampling was not restricted to the modal 

stands. A representative cross - section of the normal variation of a 

habitat -type in each successional stage was included. 

The 25 to 190 - Year -Old Stages 

Early logging has created some stands that are now in the 25 

to 45 -year age classes. A few additional stands may be found in the 

50 to 70 -year age class. They are a consequence of small, isolated 

wild fires, homestead activity, or very early logging. Because of 

the few stands available, age classes selected for sampling were 

25 -45, 55 -80, and 190 years old. 

In the 25 to 45 and 55 to 80- year -old classes, plots were 

located wherever stands of the appropriate age class could be found. 

For the more common 190 -year age class, plots were placed in 

geographically separated, representative stands. Degree of logging 

disturbance was difficult to determine in the 25 to 45 -year class. 

Plots sampled were restricted, therefore, to those areas considered 

to be slightly disturbed. Four plots were sampled in each age class 

for the Polystichum /Oxalis and Rhododendron /Berberis habitat -types. 

Because of limitations in available stands, the following number of 

plots were recorded in the Acer /Berberis habitat -type: 25 -45 year 

old - 0, 55 -80 year old - 2, 190 year old - 4. 

Vegetation data was recorded at the reconnaissance level in 
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a 5 by 25 -meter plot in the 25 to 45, 55 to 80, and 190 -year age 

classes. Canopy coverage of all species present was estimated by a 

seven class system (Table 4) in each of the tree, shrub, and herb 

layers. Stem diameter at 4. 5 feet was recorded for all trees in the 

5 by 25 -meter vegetation plot for the 25 to 45 -year age class. In 

the 55 to 80 and 190 -year age classes, DBH was recorded for all 

trees in a 25 by 25 -meter plot nested around the vegetation plot. 

Results and Discussion 

The 1 to 15- Year -Old Stages 

Species composition and dominance of vegetation in clear - 

cuttings are influenced by years since logging, soil surface disturb- 

ance (compaction or removal), and slash burning. About one -half 

the area in clear- cuttings has had soil surface disturbance. In this 

section, the vegetative succession over time is compared on undis- 

turbed versus disturbed areas. The data are presented in Tables 17 

and 18 and in Appendices 6 and 7. Representative photographs of 

some successional stages are in Figures 7, 8, 9, and 10. 

The species sort themselves into four groups: (1) those 

predominating on undisturbed areas, (2) those abundant on disturbed 

areas, (3) those indeterminate of disturbance level but respond 

to age of stand, and (4) those independent of either disturbance level 



Figure 7. A 1- year -old stand of the Polystichum /Oxalis habitat - 
type; note two, 4 -foot orange stakes, one in disturbed 
area and the other in an undisturbed area, Stand 2, 
Macroplots 1 and 2. 
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Figure 8. A 3- year -old stand of the Rhododendron /Berberis habitat - 
type; undisturbed area on left dominated by re sprouting 
Rhododendron macrophyllum, disturbed (tractor skid trail) 
on right dominated by Deschampsia elongata, Stand 3, 
Macroplots 1 and 2 (4 -foot orange stakes). 
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Figure 9. A 4- year -old stand of the Rhododendron /Berberis habitat - 
type, soil surface undisturbed by logging. Note the abun- 
dance of Senecio sylvaticus and presence of Lupinus 
rivularis and re sprouting Rhododendron macrophyllum, 
Stand 3, Macroplot 3 (4 -foot orange stake). 

Figure 10. A 9- year -old stand of the Rhododendron /Berberis habitat - 
type, soil surface undisturbed by logging, Stand 3, 
Macroplot 1 (4 -foot orange stake). 
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or age of stand. Species in the last category usually have such a 

low constancy that their response to succession and disturbance could 

not be ascertained. 

The undisturbed areas are dominated by invaders or remnant 

forest shrubs and herbs in the early stages of secondary succession. 

As succession advances, conifers become dominant. In contrast, 

disturbed areas are first occupied by invaders which may follow one 

of two routes -- conifers may take over directly from the invaders or 

there may be an intermediate step of dominance by forest remnant 

specie s. 

Polystichum munitum /Oxalis ore gana Habitat -Type 

Table 17 and Appendix 6 present cover data for this section 

and the reader is referred to them for a tabular presentation. 

Undisturbed areas are dominated in the first growing season 

by two forest remnant species, Polystichum munitum and Oxalis 

oregana (71% and 64% mean cover, respectively, Table 17, Figure 7). 

There is only 7 percent mean cover of Senecio sylvaticus. Disturbed 

areas are dominated by Senecio sylvaticus (39% mean cover). Bare 

ground has 48 percent mean cover on disturbed areas in contrast to 

1 percent on undisturbed areas (Table 17). Stachys mexicana reaches 

its highest level the first year at 19 and 13 percent mean cover on 

undisturbed and disturbed areas, respectively. 



Table 17. Mean cover of species in the 1 -15 year successional stages of the Polystichum /Oxalis habitat -type contrasting 
undisturbed and disturbed areas á/ 

Species 
Age of Clear -cutting 

Undisturbed Disturbed 

1 2 3 4 S 6 7 

8- 
9 

10- 
15 1 2 3 4 S 6 7 

8- 10- 
15 

Undisturbed b/ 

Erechtites prenanthoides 4 18 3 +-c/ + + + + + 1 9 + + + + + + 

Montia sibirica 2 3 3 11 + + + + 7 1 + + + + 

Acer circinatum 7 14 19 34 47 29 20 62 34 + + 1 2 1 1 + 1 + 

Gaultheria shallon 3 4 25 19 16 + 24 26 36 + + 7 8 10 8 26 2 

Rhamus purshiana + 1 + 3 + 20 13 4 + + + 2 3 + 

Polystichum munitum 71 57 39 57 63 72 70 28 66 2 10 5 1 5 25 14 17 10 

Oxalis oregana 64 52 66 69 34 48 51 33 73 10 11 15 3 + 25 16 13 18 

Berberis nervosa 1 3 6 1 3 3 13 7 2 + 3 10 1 5 4 + 1 

Corylus cornuta + 19 + 4 1 2 2 20 2 + 

Disturbed b/ 
Senecio sylvaticus 7 4 2 + 1 + + + + 39 17 2 1 1 1 + + + 

Cirsium vulgare + 2 + + + 5 18 1 3 + + 

Deschampsia elongata + + 5 + + + + + 28 52 67 46 26 + 7 

Aira caryophyllea + 2 + 2 + 7 + 3 5 11 17 46 21 31 45 7 

Crepis caplllaris + 2 + 2 3 6 + + + 12 9 18 16 34 7 15 + 

Whipplea modesta + + + + + 7 2 + + 1 2 + 2 17 2 + 

Holcus lanatus + + 5 + + 2 + 25 3 13 

Bromus vulgaris + 2 + + 2 + + 3 4 + + 8 + 13 3 13 

Pseudotsuga menziesii + + + + + 1 1 + 11 + 1 + + 1 1 4 16 

Hypochaeris radicata + + + 1 + + 2 + 3 5 17 23 10 36 20 36 

Luzula parviflora 4 1 1 + 1 1 3 1 3 + 6 12 + 2 5 3 2 7 

Responsive to Age Class b/ 

Stachys mexicana 19 + 2 + 2 + + + + 13 4 7 + 5 8 + + i 

Rubus ursinus 7 23 19 51 47 27 48 16 49 3 9 4 17 21 9 16 40 37 

Pteridium aquillinum 7 + 2 7 1 1 2 + 11 + + + + 5 17 28 

TOTAL COVER 196 205 194 259 223 197 268 209 298 75 124 161 155 196 188 178 216 188 

MEAN TOTAL COVER, ALL AGE CLASSES 228 165 

Other Characters 
100 93 86 78 78 79 85 85 93 40 65 63 76 82 73 65 80 83 litter 

cryptogams 31 5 23 44 44 30 57 24 59 + 3 2 6 2 13 12 16 17 

bare ground 1 + + + + + 48 28 20 15 6 17 13 + 16 

branches 53 53 57 60 24 22 35 12 10 18 22 15 17 17 18 15 12 6 

logs 4 13 14 13 16 5 13 6 8 5 9 3 3 2 6 + 13 3 

stumps + + + + + + + + + + + + + 

á/ 
Species included here have at least 10% cover in one or more age class. 

12/ 
The species have been divided into those that have the highest cover in (a) undisturbed areas, (b) disturbed areas, and (c) those that respond to 
age class rather than disturbance level. Within each category, species are listed in the order of those that have highest cover in (1) younger 
age classes, (2) middle age classes, (3) older age classes, and(4) those that have a uniform cover in all age classes. 

c/ 
Plus ( +) equals less than 1% cover. 

9 
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Undisturbed areas have changed only slightly the second year. 

Cover of Polystichum munitum and Oxalis oregana, the dominants, 

declines 10 -15 percent to the average level recorded for the first 

15 years of succession. Erechtites prenanthoides has a one season 

influence with a peak of 18 percent mean cover. In disturbed areas, 

Deschampsia elongata has replaced Senecio sylvaticus as the domi- 

nant (28% vs. 17% mean cover, respectively). A number of invaders 

including Erechtites prenanthoides, Crepis capillaris, Epilobium 

watsonii, Cirsium vulgare, and Cirsium edule have increased 

considerably. 

The mean cover of Polystichum munitum (39 %) appears to be 

reduced in undisturbed areas the third year while cover of Oxalis 

oregana remains high at 66 percent. The lower Polystichum cover 

is probably attributable to sample plot location and is not represen- 

tative for all stands. Acer circinatum continues to increase in 

dominance (19% mean cover). Gaultheria shallon attains as high 

a mean cover (25 %) as is generally found in clear- cuttings of the 

Polystichum /Oxalis habitat -type. Deschampsia elongata is approach- 

ing its maximum dominance at 52 percent mean cover in disturbed 

areas. The third year is the peak year for Cirsium vulgare at 18 

percent mean cover on disturbed areas only. 

The fourth and fifth years are high cover years for Rubus 

ursinus on undisturbed and disturbed areas. Polystichum munitum 
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and Oxalis oregana continue to have high mean covers in undisturbed 

areas. Montia sibirica reaches its peak in undisturbed areas (11% 

mean cover). The fourth year, cryptogams begin to increase in 

cover in undisturbed areas. In contrast, the phenomenon does not 

occur in disturbed areas until the sixth year. Dead branches begin 

to decline in cover the fifth year on undisturbed areas but they do not 

decline on disturbed areas until the eighth or ninth year. 

Little change is recorded in the 6 to 15 -year period in undis- 

turbed areas of the Polystichum /Oxalis habitat -type. Most of the 

forest remnant species have covers that remain relatively constant. 

Some of the differences, such as low cover of Polystichum munitum 

and Oxalis oregana in years 8 -9 are due to sample plot location. 

Heights of Acer circinatum and Rhamnus purshiana and other tall 

shrubs continue to increase, shading the understory vegetation. The 

influence of Pseudotsuga menziesii on the ecosystem increases 

during this period. 

Disturbed areas experience many changes in the 6 to 9 -year 

period. Cover of Deschampsia elongata is high during years 3 -5 and 

declines thereafter. Three other invaders, namely, Aira 

caryophyllea, Crepis capillaris, and Hypochaeris radicata exert 

a major influence on the ecosystem. In the 10 to 15 -year period, 

dominance is shared by Rubus ursinus, Hypochaeris radicata and 

Pteridium aquilinum. Cover of Pseudotsuga menziesii increases 
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rapidly. Pseudotsuga menziesii will soon completely dominate 

disturbed areas. The understory forest remnant species, 

Polystichum munitum and Oxalis oregana, however, will not have 

high coverages for many years. 

The Polystichum /Oxalis habitat -type is usually logged by the 

high lead method because most slopes are too steep for tractors. 

The result is that soil surfaces are not as severely disturbed as on 

tractor - logged areas, but even such a comparatively light mechanical 

disturbance results in a different successional sequence. After 10 -15 

years, under story forest remnant species have not displaced the 

invaders as stand dominants. Some low cover forest remnant spe- 

cies do not grow on disturbed areas. Plants in the Polystichum/ 

Oxalis habitat -type that act in this manner are: Anemone deltoidea, 

Athyrium filix -femina, Smilicina stellata, Cornus nuttallii, and 

Rhododendron macrophyllum (Appendix 6). Species found only in 

disturbed areas are: Lotus micranthus and Thermopsis montana:. 

(Appendix 6). Undisturbed areas are more completely vegetated 

than are disturbed areas. Total cover values for undisturbed and 

disturbed areas in years 1 and 10 -15 are 196 vs. 75 percent and 

298 vs. 188 percent, respectively, for species with 10 percent or 

more cover in at least one age class (Table 16). The mean total 

cover for all age classes is 228 vs. 165 percent in undisturbed and 

disturbed areas, respectively (Table 16). 
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Rhododendron macrophyllum/Berberis nervosa Habitat -Type 

Table 18 and Appendix 7 present cover data for this section 

and the reader is referred to them for a tabular presentation. 

Dominance in undisturbed areas is shared by two forest 

remnant shrubs and two invaders the first year after logging. The 

shrubs are Rhododendron macrophyllum and Vaccinium ovatum (25 

and 15% mean cover, respectively, Table 18). The invaders are 

Senecio sylvaticus and Erechtites prenanthoides with 25 and 18 per- 

cent mean cover, respectively. In contrast, disturbed areas are 

dominated by Senecio sylvaticus with 9 percent cover. There is 68 

percent bare ground. Total vegetative cover on disturbed areas is 

about 25 percent in contrast to about 120 percent on undisturbed 

areas. 

As in the Polystichum /Oxalis habitat -type, Erechtites 

prenanthoides attains its maximum cover the second year on undis- 

turbed areas at 24 percent. Dominance is shared by Rhododendron 

macrophyllum, Gaultheria shallon, Erechtites prenanthoides, and 

Pteridium aquilinum with mean covers of 35, 25, 24, and 19 percent, 

respectively. Bare ground is still the major component of the 

disturbed areas at 74 percent mean cover. Berberis nervosa has 

the highest cover at 8 percent. 

Both Senecio sylvaticus and Erechtites have declined on 



Table 18. Mean cover of species in the 1 -1$ year successional stages of the Rhododendron /Berberis habitat -type contasting a (Refer ( to Table 17 for footnotes) ) and disturbed area.- ( ) 

Species 

Age of Clear -cutting 
Undisturbed Disturbed 

1 2 3 4 5 6 7 

8- 
9 

10- 
15 1 2 3 4 5 6 7 

8- 
9. 

10- 
15 

Undisturbedb/ 
Senecio sylvaticus 25 9 8 28 4 +/ + + 9 3 6 9 1 + + + 
Erechtites prenanthoides 18 24 1 5 1 2 + + 2 4 + 2 + + + 
Vaccinium ovatum 15 2 6 11 13 1 5 9 1 3 + + + + 1 + + 
Gaultheria shallon 4 25 11 16 22 18 69 64 42 + 5 + 6 2 1 20 22 13 
Berberis nervosa 10 13 19 13 33 23 36 12 35 3 8 2 3 17 10 8 4 7 
Acer circinatum 1 + + + 1 + + 32 + + 2 + + + 
Rhododendron macrophyllum 25 35 28 23 24 41 26 35 43 2 4 + 1 2 + + + 

Disturbed b/ 
Deschampsia elongata + + 5 7 5 2 + + 2 14 37 20 21 6 + + 
Lupinus rivularis + + + + + + + 13 2 + + 
Crepis capillaris + 2 5 + 2 + + 4 10 1 2 
Aira caryophyllea + 2 + + 10 + 2 7 13 + 11 + 8 
Hypochaeris radicata 5 7 + 13 2 5 7 + + 1 1 + 30 17 39 16 15 
Agrostis exarata 2 + 14 + 
Pseudotsuga menziesii + 1 3 1 2 2 3 13 23 + + 1 1 4 9 7 32 44 
Thermopsis montana 5 + + 10 1 + + 1 + 13 2 10 44 

Response to Age Class bi. 

Rubus ursinus 2 + 19 32 47 15 23 9 62 + + 6 21 20 15 23 3 36 
Whipplea modesta + + + 3 19 19 + 1 + + + 7 16 16 + 1 + 
Pteridium aquilinum + 19 + 7 23 24 35 19 2 6 + 9 8 17 28 36 
Lotus crassifolius 11 3 6 1 5 5 16 12 14 + 3 4 6 2 + 20 6 19 

Other Characters 
93 86 77 81 84 84 76 92 87 33 30 52 70 62 58 85 59 93 litter 

cryptogams + 1 1 7 + 7 6 9 35 + 2 1 2 2 13 
bare ground + 3 2 2 2 + 68 74 51 30 . 22 34 10 32 + 
branches 71 48 59 69 40 45 33 8 20 17 12 8 30 16 12 19 6 15 
logs 8 11 27 15 13 9 21 17 14 2 2 1 1 3 1 6 1 4 
stumps + + 3 1 + 1 1 + + + + + + 

undisturbed 

G 
A 
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undisturbed areas the third year. The shrubs Rhododendron 

macrophyllum, Berberis nervosa, and Rubus ursinus have mean 

covers of 28, 19, and 19 percent, respectively. Deschampsia 

elongata and Rubus ursinus are beginning to increase in mean cover 

on disturbed areas by the third year with 14 and 6 percent, respec- 

tively (Figure 8). 

Senecio sylvaticus has a second peak on undisturbed areas 

the fourth year with 28 percent mean cover (Figure 9). Only two of 

the four stands sampled had high Senecio cover the fourth year. 

The phenomenon did not occur in the Polystichum /Oxalis habitat - 

type (Table 16, Appendix 6), and it is not known to have been 

recorded in other parts of the Oregon Coast Range. West and 

Chilcote (1962) have demonstrated that Senecio may be perpetuated 

by fertilization with nitrogen and phosphorus. In stands of the 

Rhododendron /Berberis habitat -type that are still relatively open 

four years after logging, perhaps enough nutrients have built up 

from decaying foliage and branches to again meet the nutrient re- 

quirements of Senecio sylvaticus. Other high cover species the 

fourth year are: Rubus ursinus - 32 %, Rhododendron macrophyllum- 

23%, Gaultheria shallon - 16 %, and Berberis nervosa - 13%. Dis- 

turbed areas are dominated by Deschampsia elongata with 37 percent 

mean cover. Rubus ursinus and Lupinus rivularis have high covers 

at 21 and 13 percent, respectively. Lupinus rivularis reaches its 
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maximum cover on disturbed areas the fourth year. Senecio 

sylvaticus shows a slight upsurge on disturbed areas with 9 percent 

mean cover. Bare ground cover has been reduced to about 30 

percent. 

The dominants in undisturbed areas in the 5 to 15 -year 

period remain relatively stable. The four shrubs Rhododendron 

macrophyllum, Gaultheria shallon, Rubus ursinus and Berberis 

nervosa share dominance of the stands. Senecio sylvaticus and 

Erechtites prenanthoides completely disappear. Rubus ursinus 

has two peak cover periods, years 4 -5 and 10 -15. The same phe- 

nomenon occurs in the Polystichum /Oxalis habitat -type (Table 17). 

Whipplea modesta has a maximum cover of 19 percent on years 5 -6. 

Acer circinatum, Arctostaphylos columbiana, Pseudotsuga menziesii, 

Pteridium aquilinum and Lotus crassifolius all increase in cover in 

the 5 to 15 -year period (Table 18, Appendix 7). 

Unlike the undisturbed areas, succession is relatively rapid 

on disturbed areas in the 5 to 15 -year period. Hypochaeris radicata 

is the dominant the fifth year at 30 percent mean cover. Rubus 

ursinus, Deschampsia elongata and Berberis nervosa have 20, 20, 

and 17 percent mean cover, respectively. By the seventh year, 

Deschampsia elongata has declined in cover. Hypochaeris radicata 

remains dominant with 39 percent mean cover. Other high cover 

species are: Rubus ursinus - 23 %, Gaultheria shallon - 20 %, Lotus 



107 

crassifolius - 20 %, and Pteridium aquifolium - 17 %. By the 10 to 

15 -year period, 4 -10 feet tall Pseudotsuga menzie sii dominates most 

stands with 44 percent cover. Thermopsis montana also has 44 per- 

cent cover and occurs between trees along with Pteridium aquilinum 

and Rubus ursinus (both 36% cover). The invaders Senecio sylvaticus 

and Erechtites prenanthoides are usually absent after the fifth year. 

In contrast, invaders that reach their maximum dominance in the 4 

to 7 -year period are just beginning to decline by the 10 to 15 -year 

period. 

In undisturbed and disturbed areas, the cryptogams do not 

increase in cover until the 10 to 15 -year period. Dead branch cover 

declines after the seventh year in undisturbed areas but remains 

erratic in disturbed areas. Litter cover is high on undisturbed 

areas from 1 -15 years. In disturbed areas, litter cover is 33 

percent the first year and has climbed to 93 percent mean cover by 

the 10 to 15 -year period. Bare ground cover on disturbed areas 

finally declines during the 10 to 15 -year period. 

Tractor logging is the common method used on the 

Rhododendron /Berberis habitat -type. Consequently, soil surface 

disturbance is more severe than by high lead logging. Some of the 

vegetation differences in disturbed areas of the Rhododendron/ 

Berberis and Polystichum /Oxalis habitat -types probably result from 

differences in logging practices on the two environmental units. 
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The Influence of Slash Burning 

Before 1957, slash burning of clear- cuttings the first autumn 

following logging was an accepted forestry practice on the study area. 

In recent years, it has been minimized. 

A clear -cut, logged and slash burned in 1953,offered an unusual 

opportunity to compare species composition and dominance on burned, 

disturbed, and undisturbed areas in the Polystichum /Oxalis habitat - 

type. The clear- cutting was high lead logged. A lower southwest - 

facing slope was burned whereas the adjacent lower northeast -facing 

slope was not burned. Both slopes are typical of the Polystichum/ 

Oxalis habitat -type. 

The vegetation responded differently to the tree treatments 

(Table 19, Figures 11 and 12). Polystichum munitum and Oxalis 

oregana shared dominance of undisturbed plots (85% and 62% mean 

cover, respectively, Table 19). The forest remnant species 

Disporum smithii, Mimulus moschatus, Stellaria crispa, Athyrium 

filix -femina, Festuca subuliflora, Gaultheria shallon and the invader, 

Erechcites prenanthoides, occurred only in undisturbed areas. In 

contrast, burned areas are dominated or codominated by the invaders 

Hypochaeris radicata and Aira caryophyllea. Total vegetative cover 

is reduced by about 100 percent (Table 19). Five species were prgs- 

ent only in burned areas. Unburned areas had 22 species that did not 
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Figure 11. A 12- year -old clear- cutting of the Polystichum /Oxalis 
habitat -type, soil surface was undisturbed by logging, 
Stand 3, Macroplot 1 (4 -foot orange stake). 

Figure 12. A 12- year -old clear - cutting of the Polystichum /Oxalis 
habitat -type near that in Figure 11, severe slash burn 
after logging, Stand 3, Macroplot 5 (4 -foot orange stake). 
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Table 19. A comparison of species composition and cover of undis- 
turbed, disturbed, and burned soil surfaces of a 12 -year- 
old clear- cutting of the Polystichum /Oxalis habitat -type. 

SPECIES 

Stand Number 

TREATMENT 
Unburned Burned 

Undisturbed Disturbed 
B-1 B-2 U -1 U -2 D -1 D -2 

Lupinus rivularis 
Carex rossii 
Pteridium aquilinum 
Epilobium angustifolium 
Festuca myuros 
Lotus crassifolius 

.5 

.5 
3 

3 

.5 

.5 

Disporum smithii . 5 

Mimulus moschatus . 5 

Stellaria crispa . 5 

Athyrium filix-femina 3 

Erechtites prenanthoide s 3 

Fe stuca subuliflora 3 

Gaultheria shallon 38 15 
Epilobium watsonii .5 .5 
Tsuga heterophylla 5 

Crepis capillaris .5 
Senecio sylvaticus . 5 .5 
Gnaphalium purpureum . 5 .5 
Acer circinatum . 5 .5 
Berberis nervosa . 5 3 

Vaccinium parvifolium 3 . 5 .5 
Blechnum spicant 3 15 15 
Campanula scouleri 38 15 15 
Trientalis latifolia . 5 .5 .5 
Galium aparine . 5 .5 .5 
Stachys mexicana . 5 . 5 .5 3 

Luzula parviflora 3 15 38 15 
Bromus vulgaris 15 15 63 38 

Oxalis oregana 38 85 38 15 .5 
Polystichum munitum 85 85 15 .5 .5 .5 
Hypochae ri s radicata 15 3 63 63 85 98 
Aira caryophyllea 3 15 38 15 63 38 
Rumex acetosella 15 3 .5 
Cerastium viscosum .5 .5 
Anaphalis margaritacea .5 .5 .5 
Rhamnus purshiana 3 .5 
Viola sempervirens 15 15 38 85 . 5 5 

Rubus ursinus 3 3 38 . 5 .5 5 

Pseudotsuga menziesii 15 3 3 15 . 5 5 

Luzula subsessilis . 5 . 5 15 .5 5 

Digitalis purpurea . 5 . 5 .5 .5 5 

Dicentra formosa 5 . 5 .5 5 

Rubus parviflorus 3 . 5 3 .5 5 

Rubus spectabilis . 5 3 .5 

TOTAL PLANT COVER 283 300 379 284 163 142 

Branches . 5 63 3 3 .5 .5 
Litter 98 85 98 63 63 85 
Cryptogams 38 63 15 38 63 . 5 

Bare ground 3 . 5 3 38 3 . 5 

Logs 3 15 3 

I 

I 

! 

. 

. 
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occur in the burn. Important forest remnant species with reduced 

coverage or that were absent in the burn are: Polystichum munitum, 

Oxalis oregana, Luzula parviflora, Trientalis latifolia, Campanula 

scouleri, Blechnum spicant, and Vaccinium parvifolium. The maxi- 

mum cover for a forest remnant species was 0. 5 percent. The 

disturbed areas were severely altered by, high lead logging. In com- 

parison with the burned area, soil surface disturbance did not modify 

the vegetation as much. Hypochaeris radicata and Aira caryophyllea 

dominate as in the burn but Polystichum munitum and Oxalis oregana 

have about one -third to one -half the cover of adjacent undisturbed 

areas. Soil surface disturbance resulted in an increased cover of 

Bromus vulgaris, Viola sempervirens, and Luzula parviflora. 

Pseudotsuga menziesii is not dominant under any treatment 

condition in this 12- year -old stand. Cover is lowest in the burned 

area. Mean heights for Pseudotsuga are one foot in burn, three feet 

in disturbed and six feet in undisturbed areas. Elk have been present 

in the clear- cutting and heavy browsing of Pseudotsuga is particular- 

ly noticeable on the burned area. 

The 25 to 45- Year -Old Stages 

The first 10 to 15 years of secondary succession have herbs 

and shrubs as the dominants, but by 20 years most stands are domi- 

nated by the conifer Pseudotsuga menziesii. The trees are 35 -60 
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feet high, and are influencing understory species composition and 

dominance. Only the shade -tolerant shrubs and herbs remain under 

the tree canopy. The conifer cover is not complete in some stands. 

Numerous invader species occur in the openings. 

Polystichum munitum /Oxalis ore gana Habitat -type 

The four stands sampled in this age class represent the 

maximum range in conifer dominance available. Stand 2 -3 has no 

conifers in the tree layer while stand 2 -1 is completely dominated 

by Pseudotsuga menziesii (Tables 20 and 21). In stands 2 -4 and 2 -1, 

trees are 50 -60 feet high while in stand 2 -3, a single Pseudotsuga 

is 20 feet high. 

The shrub layer is usually sparse but stand 3 -3 has a 63 

percent cover of Rubus spectabilis. The vegetation responds to dif- 

ferences in light intensity and quality. In stands 2 -3 and 2 -4, there 

are 18 early serai invader species present in openings (lines 13 -30, 

Table 20). There are few trees in both stands (Table 21). Cover 

values of most high- constancy forest species such as Polystichum 

munitum and Oxalis oregana are unaffected by the light differences 

(Table 20). Rubus ursinus, however, has its highest cover values 

in the partially shaded areas (Table 20, Stand 2 -4) rather than in 

either direct sunlight or dense shade. In the 10 to 15- year -old 

stage, Rubus ursinus also has a high cover under partially shaded 
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conditions. 

Rhododendron macrophyllum /Berbe ris nervosa Habitat -Type 

Stands sampled in the Rhododendron /Berberis habitat -type 

have a relatively dense overstory cover of Pseudotsuga menziesii 

with the exception of stand 3 -3 (Table 20). The trees are 40 -45 

feet high in 25- year -old stands and 60 -70 feet high in 40 to 45 -year- 

old stands. All stands have a fairly depauperate shrub layer. In 

dense shade, the herb layer has few species and low coverage. In 

openings, there is a high cover of Gaultheria shallon (stand 3 -3, 

Table 20). The 40 to 45- year -old stands have more species than 

25- year -old stands (Table 20). In addition, Berberis nervosa cover 

has increased to 85 percent. Tree canopies are not as dense in the 

older stands, permitting more light to reach understory vegetation. 

The size class data (Table 21) reveal that the stocking rate of 

Pseudotsuga menziesii in this habitat -type is much higher than in 

Polystichum /Oxalis. In contrast, more Tsuga heterophylla and 

Thuja plicata occur in the Polystichum /Oxalis habitat -type. 

The 55 to 80- Year -Old Stage 

Ten stands in three habitat -types have been recorded in the 

55 to 80- year -old stage. Very few stands are present in the study 

area. There is a relatively uniform 85 -100 percent cover of trees 



Table 20. Cover of species in 25 to 45- year -old stands of the Polystichum /Oxalis and 
Rhododendron / Berberís habitat -types. 

Line 
No. 

SPECIES 

Stand No. 
Age of Stand 

HABITAT -TYPE 
Polystichum /Oxalis 

2 -2 
25 

Rhododendron/ Berberis 
2 -3 
25 

2 -4 
25 

2 -1 
25 

3-1 
40 

3-2 
45 

3-4 
25 25 

TREE LAYER 

1 Pseudotsuga menziesii 38 98 38 85 98 98 63 
2 Tsuga heterophylla 15 

SHRUB LAYER 

3 Acer circinatum 3 

4 Rubus spectabilis . 5 63 
5 Thuja plicata .5 .5 3 

6 Tsuga heterophylla 38 . 5 3 63 15 
7 Vaccinium parvifolium 15 3 3 38 
8 Vaccinium ovatum .5 3 15 15 
9 Pseudotsuga menziesii .5 3 15 . 5 

10 Holodiscus discolor 3 .5 
11 Alnus rubra .5 
12 Arctostaphylos columbiana 3 

HERB LAYER 

13 Epilobium watsonii 3 
14 Rubus leucodermis 3 

15 Erechtites prenanthoides . 5 

16 Anaphalis margaritacea 5 

17 Crepis capillaris 3 

18 Cirsium vulgare 3 

19 Cirsium edule 5 

20 Stellaria calycantha . 5 

21 Aira caryophyllea 5 . 5 .5 
22 Carex sp. 3 . 5 

23 Gnaphai.ium purpureum 3 . 5 

24 Lupinus rivularis ' . 5 

25 Digitalis purpurea 15 3 

26 HypochaeriE, radicata 38 3 

27 Holcus lanatus 38 15 
28 Galium aparine . 5 

29 Carex rossii . 5 

30 Rumex acetosella . 5 

31 Rubus spectabilis 15 . 5 

32 Rubus parviflorus . 5 . 5 . 5 5 

33 Sambucus cerulea 5 

34 Luzula parviflora 5 

35 Fe stuca subuliflora 5 

36 Achyls triphylla 5 

37 Athyrium filix-femina 5 

38 Adiantum pedatum 5 

39 Campanula scouleri 5 

40 Blechnum spicant . 5 5 

41 Stellaria crispa . 5 

42 Ranunculus uncinatus . 5 . 5 

43 Adenocaulon bicolor . 5 . 5 

44 Dicentra formosa . 5 . 5 

45 Asarum caudatum 3 . 5 

46 Stachys mexicana . 5 3 . 5 

47 Thuja plicata . 5 . 5 

48 Montia sibirica . 5 . 5 3 

49 Rubus ursinus 38 63 . 5 . 5 . 5 15 ..5 15 

50 Polystichum munitum 63 38 63 63 15 .5 .5 3 

51 Oxalis orega.na 15 15 . 5 15 15 3 

52 Galium triflorum 3 3 . 5 .5 
53 Pseudotsuga menziesii .5 
54 Listera convallarioides .5 
55 Rhododendron maorophyilum .5 .5 
56 Vaccinium parvifclium .5 .5 
57 Rosa gymnocarpa .5 .5 
58 Chimaphila umbellata 3 .5 
59 Pteridium aquilinum 5 5 3 3 

60 Vaccinium ovatum . 5 .5 .5 
61 Disporum smithii . 5 5 .5 
62 Hieraceum albiflorum . 5 .5 .5 
63 Gaultheria shallon . 5 . 5 3 38 38 3 85 

64 Berberis nervosa . 5 3 15 85 85 15 15 

65 Trientalis latifolia . 5 . 5 .5 .5 
66 Tsuga heterophylla . 5 . 5 .5 3 

67 Viola sempervirens 3 3 . 5 . 5 .5 .5 .5 

.:;-3 

. 

. 

. 



Table 21. Number of trees by DBH size class for the 25 to 45- year -old stage. 

SPECIES 
HABITAT -TYPE 

Polystichum /Oxalis Rhododendron / Be rbe ri s 

Stand No. 2 -3 2 -4 2 -1 2 -2 3 -1 3 -2 3 -4 3 -3 
Age of Stand 25 25 25 25 40 45 25 25 

SIZE CLASS 
(In.) 

Pseudotsuga 0 -4 8 6 19 4 15 1 

mentie sii 5 -20 3 10 3 15 18 20 7 

Thuja 
plicata 

0-4 2 1 2 4 

Tsuga 0-4 8 6 27 26 
heterophylla 5-20 3 3 1 11 

Abies 
grandis 

0-4 1 

DEAD 

Pseudotsuga 0 -4 4 12 12 14 
mentie sii 5 -20 5 

Tsuga 
heterophylla 

0-4 2 
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100 -150 feet tall by this time in succession (Table 22). More light 

reaches the understory vegetation than in 25 to 45- year -old stands. 

The herb layer is generally dense. The shrub layer cover is more 

variable, still dependent upon small openings in the tree canopy. It 

is illustrated in the association table (Table 22), that the three 

habitat -types may be differentiated at this stage in succession. 

Polystichum munitum /Oxalis oregana Habitat -Type 

The relatively dense, uniform stand of Pseudotsuga 

menziesii trees range from 130 -150 feet tall. The difference is 

mainly a function of age. Alnus rubra, Tsuga heterophylla, Thuja 

plicata and Abies grandis are usually the only other trees present 

(Table 23). 

The shrub layer exists but it is not dense. The shrubs with 

the highest constancy are Vaccinium ovatum and Vaccinium 

parvifolium (Table 22). 

The herb layer is dominated by Polystichum munitum. 

Oxalis oregana and Viola sempervirens often have relatively high 

covers. 

Acer circinatum /Berberis nervosa Habitat -Type 

The Acer /Berberis habitat -type has a uniformly dense cover 

of 115 to 125-foot tall Pseudotsuga menziesii. Tsuga heterophylla 



Table 22. Cover of species in 55 to 80- year -cld stands of three habitat -types. 

SPECIES 

HABITAT -TYPE 
Pol.ystichum/ Oxali s Acer/ Rhododendron / Berberis 

Berberis 
Stand No. 2 -1 2 -2 2 -3 2 -5 4 -1 4 -2 3 -1 3 -3 3 -4 3 -5 

Age of Stand 70 70 55 80 70 65 65 55 65 70 

TREE LAYER 

Pseudotsuga menziesii 85 63 85 85 98 85 85 85 85 85 
Alnus rubra 15 3 

Arbutus menziesii 3 

Castanopsis chrysophylla 15 3 

Acer macrophyllum 38 
Tsuga hete rophylla 3 

SHRUB LAYER 

Vaccinium ovatum 15 3 15 15 38 3 

Tsuga heterophylla 3 3 3 . 5 15 38 
Acer circinatum 3 38 .5 3 

Vaccinium parvifolium 3 15 3 .5 3 

Thuja plicata 3 . 5 15 
Rhamnus purshiana . 5 . 5 

Corylus cornuta 3 

Alnus rubra 3 

Holodiscus discolor . 5 

Rubus spectabilis . 5 

Cornus nuttallii 3 

Rhododendron macrophyllum 15 38 
Pseudotsuga menziesii 3 

HERB LAYER 

Smilicina se s silifolia . 5 

Tiarella trifoliata . 5 

Asarum caudatum 15 
Epilobium watsonii . 5 

Rubus spectabilis . 5 . 5 

Rhamnus purshiana . 5 3 

Athyrium filix -femina . 5 

Dicentra formosa . 5 

Blechnum spicant 3 . 5 

Polystichum munitum 85 85 63 85 38 3 15 . 5 . 5 38 

Oxalis oregana 63 38 63 38 15 3 

Luzula parviflora 15 . 5 . 5 3 .5 
Vancouveria hexandra .5 .5 
Lotus crassifolius . 5 3 

Montia sibirica . 5 .5 .5 
Adenocaulon bicolor .5 
Osmorhiza chilensis .5 
Rosa gymnocarpa .5 
Festuca rubra .5 
Goodyera oblongifolia .5 
Thermopsis montana .5 .5 
Pyrola virens .5 
Castanopsis chrysophylla .5 .5 
Linnea borealis .5 63 63 3 

Anemone deltoidea 15 

Acer macrophyllum .5 
Lonicera hispidula .5 
Madia gracilis .5 
Listera convallarioides .5 
Corallorhiza maculata .5 
Vaccinium ovatum .5 
Symphoricarpos mollis .5 
Vaccinium parvifolium . 5 3 .5 .5 .5 
Pseudotsuga menziesii . 5 .5 .5 .5 .5 
Whipplea modesta 15 . 5 38 
Berberis nervosa 3 38 38 15 .5 63 15 
Pteridium aquilinum 15 15 15 38 63 38 15 3 15 3 

Tsuga heterophylla . 5 .5 .5 .5 
Bromus vulgaris . 5 3 .5 
Cornus nuttallii . 5 .5 
Campanula scouleri . 5 .5 
Chimaphila umbellata . 5 . 5 3 5 3 

Festuca rubra .5 . 5 15 3 .5 .5 3 

Festuca subuliflora 3 3 . 5 3 15 .5 .5 .5 
Trillium ovatum . 5 . 5 .5 .5 .5 
Rubus ursinus 3 3 15 . 5 3 3 3 3 . 5 3 

Hieraceum albiflorum . 5 . 5 . 5 3 5 .5 
Trientalis latifolia . 5 . 5 . 5 .5 .5 3 .5 3 

Galium triflorum 3 3 3 15 3 3 3 . 5 3 

Disporum smithii . 5 . 5 3 .5 .5 .5 
Gaultheria shallon 63 3 38 3 15 3 3 3 

Viola sempervirens 63 63 15 15 63 15 38 15 15 15 



Table 23. Number of trees in DBH size classes for 55 to 80- year -old stands of three habitat -types. 

SPECIES 

Stand No. 
Age of Stand 

HABITAT -TYPE 
Polystichum / Oxali s Acer/ ! Rhododendron/ Berberis 

2 -1 
70 

2 -2 
70 

2 -3 
55 

2 -5 
80 

Berberis 
4-1 4-2 
70 65 

3 -1 
65 

3 -3 
55 

3 -4 
65 

3 -5 
70 

SIZE CLASS 
(In.) 

Pseudotsuga 0 -4 1 25 4 3 

menziesii 5 -20 13 25 20 19 26 43 30 47 60 22 
21 -40 1 1 2 11 6 1 2 5 

Tsuga 0-4 12 7 1 1 17 40 1 

heterophylla 5-20 6 2 4 9 

Thuja 
plicata 

0-4 
5-20 

30 3 

Alnus 
rubra 

0 -4 1 

Abies 
gr _.,ui 

0 -4 1 

Castan3psis 0 -4 1 1 1 

chrysophylla 5 -20 7 3 

Acer 
macrophyllum 

5 -20 6 

Cornus 
nuttallii 

5 -20 1 

Arbutus 
menziesii 

5 -20 2 

Umbellularia 
californica 

0 -4 1 

DEAD 

Pseudotsuga 0-4 2 3 1 3 7 14 10 1 

menziesii 5-20 3 3 4 11 2 12 11 1 6 2 

Tsuga 0-4 1 

heterophylla 5-20 1 

Umbellularia 
californica 

0 -4 1 

5 
-';:; 
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is usually the only other tree present. 

The shrub layer is virtually non -existent (Table 22). How- 

ever, the herb layer is more conspicuous. Three species sharing 

dominance are Pteridium aquilinum, Berberis nervosa, and 

Polystichum munitum (Table 22). A number of species have high 

fidelity to this habitat -type (Table 22). 

Rhododendron macrophyllum /Berberis nervosa Habitat -Type 

Pseudotsuga menziesii is the tree layer dominant but indi- 

viduals are only about 100 to 115 -foot tall at 50 -60 years. Arbutus 

menziesii, Castanopsis chrysophylla and Acer macrophyllum are 

all found in the tree layer (Table 22). Pseudotsuga menziesii con- 

sistently occurs in the smaller DBH size class in this habitat -type 

(Table 23). It reveals that Pseudotsuga is reproducing in the 

Rhododendron /Berberis habitat -type. 

The shrub layer is present but individual species rarely 

exceed 50 percent cover (Table 22). The usual dominants are either 

Rhododendron macrophyllum, Vaccinium ovatum or Tsuga 

heterophylla reproduction. 

The herb layer has no one species as a dominant. Those 

found to have highest coverages in one or more stands include: 

Linnea borealis, Berberis nervosa, Pteridium aquilinum, Whipplea 

modesta, and Polystichum munitum. 
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The 190 -Year -Old Stage 

The 190 -year -old stage in succession occupies more than 

75 percent of the study area. Stands are usually dominated by 

Pseudotsuga menziesii (Table 24). Tsuga heterophylla is sometimes 

the dominant or codominant. Either Acer circinatum or 

Rhododendron macrophyllum dominate the shrub layer. The herb 

layer dominants are either Polystichum munitum, Gaultheria shallon 

or Berberis nervosa. The herb layer species ubiquitous to all three 

habitat -types include: Rubus ur sinus, Trientalis latifolia, Trillium 

ovatum, Disporum smithii, Berberis nervosa, and Gaultheria 

shallon (Table 24). 

Polystichum munitum /Oxalis ore gana Habitat -type 

Either Pseudotsuga menziesii or Tsuga heterophylla dominate 

the tree layer or they may share dominance (Table 24). However, 

the DBH data (Table 25) reveal that only Tsuga heterophylla is re- 

producing itself in quantity. Pseudotsuga menziesii cannot maintain 

itself as the tree dominant without adequate reproduction. 

Acer circinatum dominates the shrub layer while Polystichum 

munitum, Oxalis oregana, Berberis nervosa and, occasionally, 

Gaultheria shallon share dominance of the herb layer (Table 24). 

Indicator species only found in the Polystichum /Oxalis habitat -type 



Table 24. Cover of species in 190- year -old stands for three habitat -types arranged by tree, shrub. 
and herb layers. 

HABITAT -TYPE 
SPECIES 

Stand No. 

Polystichum /Oxalis Ace r/ Be rbe ri s 

4 -3 4 -4 

Rhododendron/ Berberis 
3 -1 3 -2 3 -3 3 -4 2 -1 2 -2 2 -3 2 -4 4 -1 4 -2 

TREE LAYER 

Alnus rubra 
Pseudotsuga menziesii 
Tsuga heterophylla 
Acer macrophyllum 
Castanopsis chrysophylla 

SHRUB LAYER 

Taxus brevifolia 
Thuja plicata 
Corylus cornuta 
Rhamnus purshiana 
Vaccinium parvifolium 
Acer circinatum 
Vaccinium ovatum 
Tsuga heterophylla 
Rhododendron macrophyllum 
Holodiscus discolor 
Castanopsis chrysophylla 

HERB LAYER 

Senecio sylvaticus 
Erechtites prenanthoides 
Cirsium edule 
Bromus vulgaris 
Osmorhiza chilensis 
Campanula scouleri 
Hieracium aibiflorum 

3 

63 

38 

3 

98 
3 

. 5 

63 
38 

. 5 

3 

85 

5 

5 

5 

5 

5 

5 

5 

38 
38 

15 

. 5 

3 

15 

15 
63 

15 

. 5 

38 
. 5 

38 
15 

3 

3 

15 
3 

85 

3 

15 

.5 
98 
15 

15 

63 
15 
15 

38 

85 
38 

38 
38 

3 

38 

3 

63 

3 

38 

85 

63 

3 

3 

85 

63 
38 

15 

3 

15 

15 
63 

38 
. 5 

15 

98 
3 

Vaccinium ovatum . 5 3 

Tsuga heterophylla 5 3 5 .5 3 

Rubus ursinus . 5 .5 .1 

Trientalis latifolia . 5 .5 .5 .5 .5 3 

Trillium ovatum . 5 . 5 . 5 3 .5 .5 3 .5 5 .5 
Disporum smithii 5 5 . 5 .5 .5 .5 .5 .5 .5 .5 

Berberis nervosa 38 63 15 15 38 63 85 85 63 85 
Gaultheria shallon 38 38 . 5 3 85 15 3 15 98 15 15 
Athyrium filix - femina 3 

Dicentra formosa . 5 

Anemone deltoidea, . 5 

Montia sibirica 3 5 3 

Adenocaulon bicolor . 5 .5 
Luzula pa.rviflora . 5 . 5 . 5 ..5 
Blechnum spicant . 5 3 .5 
Viola sempervirens . 5 15 15 15 3 38 15 15 
Polystichum munitum 38 85 63 85 63 15 38 38 3 

Oxalis oregana 63 63 50 85 63 38 38 15 
Vancouveria hexandra 3 . 5 .5 .5 .5 5 

Galium aparine 15 5 3 

Stachys mexicana .5 .5 3 

Festuca subuliflora . 5 5 .5 .5 .5 
Tiarella trifoliata 15 .5 .5 .5 
Galium triflorum 5 5 .5 .5 
Achyls triphylla . 5 5 .5 .5 
Rosa gymnocarpa 1 3 .5 5 

Asarum caudatum .5 .5 
Smilicina stellata .5 
Linnea borealis 63 
Festuca rubra 3 

Rhododendron macrophyllum 3 

Monotropa uniflora .5 
Listera convallarioides .5 
Chimaphylla umbellata 5 .5 .5 
Rhamnus purshiana 3 5 .5 .5 .5 .5 
Pteridium aquilinum 3 .5 .5 3 3 .5 
Vaccinium parvifolium .5 .5 .5 
Pseudotsuga menziesii . 5 3 .5 .5 

Goodyera oblongifolia 
Whipplea mode sta 
Castanopsis chrysophylla .5 
Allotropa virgata 

. . .5 
. 5 

. 

r 

.5 

. 

. 

( 

j 



Table 25. Number of trees in DBH size classes for 190 - year -old stands of three habitat -types. 

HABITAT -TYPE 

SPECIES 
Stand No. 

Poly :t i chum/ Oxali s 

4 -1 

Ace' /Berberis Rhododendron /Berberin 
2 -1 2 -2 2 -3 2 -4 4 -2 4 -3 4 -4 3 -1 3 -2 3 -3 3 -4 

Tsuga 
heterophylla 

SIZE CLASS 

0-4 
5-20 

21-40 

4 
5 

1 

2 

1 

32 
10 1 

1 

25 
15 

1 1 

2 

2 

3 

5 

Thuja 0-4 1 

plicata 5-20 2 1 

Pseudotsuga 0-4 

mentie sii 5-20 1 5 9 7 

21-40 3 5 4 5 6 2 3 2 8 14 9 10 

41-60 7 2 4 1 1 2 6 4 2 

Alnus 
rubra 

4 -20 1 

Taxus 
brevifolia 

5-20 5 

Castanopsis 0-4 1 1 

chrysophylla 5-20 1 1 2 4 2 5 

Acer 
mac rophyllum 

5 -20 1 

DEAD 

Tsuga 0-4 1 1 8 

heterophylla 5-20 1 

Pseudotsuga 5 -20 1 1 2 8 2 

mentie sii 21 -40 1 1 5 2 

41 -60 1 

Castanopsis 
chrysophylla 

5 -20 2 

ti 

1 

NJ 
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include Athyrium filix -femina, Dicentra formosa, Anemone 

deltoidea and Montia sibirica. A group of early serai invaders 

including Erechtites prenanthoides, Cirsium edule and Bromus 

vulgaris are present in stand 2 -2 (Table 24). the 20 to 30 -acre 

stand 2 -2 is completely surrounded by clear- cuttings. The massive 

seed dissemination from the clear- cuttings combined with greater 

side -lighting of the understory apparently accounts for the presence 

of the invaders. 

Acer circinatum /Berberis nervosa Habitat -Type 

Pseudotsuga menziesii is the usual dominant in this habitat - 

type. What little tree reproduction present is Tsuga heterophylla 

(Table 24). The shrub layer of this habitat -type is dominated by 

either Acer circinatum or Tsuga heterophylla reproduction (Table 

24). The herb layer can be dominated by Berberis nervosa, 

Gaultheria shallon or Polystichum munitum. Oxalis oregana and 

Viola sempervirens usually have high cover values. Species only 

found in the Acer /Berberis habitat -type that may be of indicator 

value are: Asarum caudatum, Smilicina stellata, Linnea borealis, 

Festuca rubra, Monotropa uniflora and Listera convallarioides. 

Rhododendron macrophyllum /Berberis nervosa Habitat -Type 

Pseudotsuga menziesii is the tree dominant in the 
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Rhododendron /Berberis habitat -type. Both the DBH data (Table 25) 

and cover data (Table 24) suggest that Pseudotsuga is reproducing. 

As succession advances, Pseudotsuga and Tsuga will be present in 

the tree layer. Castanopsis chrysophylla is frequently found as a 

tree in this habitat -type. 

Rhododendron macrophyllum dominates the shrub layer with 

83 percent mean cover. The herb layer dominant is usually Berberis 

nervosa. Gaultheria shallon is occasionally the herb layer dominant. 

The following species have a higher coverage in this habitat -type than 

the other two: Chimaphila umbellata, Rhamnus purshiana, and 

Pteridium aquilinum. Species found only in the Rhododendron/ 

Berberis habitat -type are: Goodyera oblongifolia, Whipplea modesta, 

and Allotropa virgata (Table 24). As in the old- growth forest, 

Allotropa virgata has been found only in the Rhododendron /Berberis 

habitat -type. This is not true for all of western Oregon and 

Washington since Becking (1954) found the species in a different, 

but related plant community. 

A whole group of herb layer species are adapted to the 

Polystichum /Oxalis and Acer /Berberis habitat -types rather than 

Rhododendron /Berberis (Table 24). They include the high cover 

species Polystichum munitum, Oxalis oregana, and Viola 

sempervirens. The low cover species Blechnum spicant, Luzula 

parviflora and Adenocaulon bicolor are absent in the Rhododendron/ 
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From Logging to Climax 
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Available stages, represented by 186 stands, have been studied 

from logging to climax in the Polystichum /Oxalis and Rhododendron/ 

Berberis habitat -types. Kind and degree of treatment during logging 

influences subsequent succession. The effect of severe soil- surface 

disturbance on succession has been studied in stands representing 

the period 1 to 15 years after logging. Succession beyond that point 

is unknown. The influence of slash burning on succession has also not 

been fully documented. Parts of clear- cuttings are considered here 

that have not had soil- surface disturbance during logging. Two as- 

sumptions have been made in this section. First, constancy and 

dominance of understory species in near - climax stands is essentially 

the same as in climax. Comparisons of climax and near -climax 

stands support this assumption. Secondly, burning influences species 

composition and dominance for about 50 years. The dominance of 

several shrubs is drastically reduced during this period. 

Species respond in four general ways during secondary suces- 

sion (Table 26). Some species have maximum cover in climax or 

have a constant cover regardless of successional stage (Category 1, 

Table 26). There are other species that are present in climax but 

increase to maximum dominance at some stage in succession. These 
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Table 26. General categories for the response of species in 
secondary succession. 

1. Dominant or constant climax species. 

1. 1 Maximum dominance in climax. 

1.2 Constant dominance throughout succession. 

1.21 High dominance constants. 

1.22 Low dominance constants. 

2. Increaser climax species- a/ 

2. 1 Maximum dominance 1 to 4 years after disturbance. 

2.2 Maximum dominance 5 to 15 years after disturbance. 

2.3 Maximum dominance more than 15 years after 

disturbance, but before climax. 

3. Invader species- 

3. 1 Maximum dominance 1 to 4 years after disturbance. 

3. 2 Maximum dominance 5 to 80 years after disturbance. 

4. Erratic species/ 

a/ Maximum dominance at some stage in succession but present and 
apparently reproducing in climax. 

b/ Not present in climax, or if present, not reproducing. 

c/ The species may be truly erratic in its distribution in succession, 
or not enough is known about its ecology to place it in any other 
category. 
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are increasers (Category 2, Table 26). The invader species do not 

occur, or at least do not reproduce, in climax (Category 3). The 

erratics are those species whose ecology is poorly understood, or the 

species has a truly erratic distribution (Category 4). 

All 25 to 45- year -old stands investigated have been burned. 

These data are recorded in Tables 27 and 28. Unburned stands of the 

same age probably have differences in species composition and domi- 

nance. It is assumed that differences in vegetation between burned 

and unburned stands disappear in 55 to 80 years. 

Polystichum munitum /Oxalis ore gana Habitat -Type 

In the first 15 -20 years of secondary succession, stands are 

dominated by forest remnant herbs and shrubs. By 20 years, there 

is usually a dense stand of 40 -foot tall Pseudotsuga menziesii. 

Pseudotsuga remains the tree dominant for over 200 years and has 

been found reproducing in a few large lightspots (Table 27). Tsuga 

heterophylla cover slowly increases throughout secondary succession 

and becomes dominant in climax (Table 27). Thuja plicata, 

Pseudotsuga menziesii and Abies grandis are present in a few climax 

stands. 

The shrub layer is extremely variable throughout secondary 

succession in the Polystichum /Oxalis habitat -type. Acer circinatum 

is the most consistent high cover species. Acer is a root - sprouter 



Table 27. Mean cover of selected species for stages throughout secondary succession in the Polystichum /Oxalis habitat -type. 

to 
co 

b 
U 

Species Years After Cutting 

Climax 
or 

Near -climax 

LS, 
n =13 

DFJ 
n =13 

1 

n =8 

2 

n=8 

3 

n =8 

4 

n =8 

5 

n =8 

6 

n =8 

7 

n =8 

8- 
9 

n=8 

10- 
15 

n =8 

25 

n =4 

55- 
80 

n =4 

190 
n =4 

Trees e) 
S_f 

H, 
T 

f,/ + 
+- 

4 18 

3 

3 

+ 

+ 

+ 

+ + 

1 

+ 

+ 

+ 

2 

+ 

4 

10 

1 

+ 

2 

5 

35 

4 

1 

4 

+ 

10 
36 

10 
2 

+ 

51 

24 

2 

17 

2 

1.1- suga heterophylla 

1.1 Thuia plicata 

3. 1 Erechtites prenanthoides 

Species tabulated have at least 5% cover in one or more stages. J Stand age ranged from about 300 -500 years. 

11 

e/ 

J 

LS = lightspots, DF = dense forest. 

See Table 26. 

T = tree layer, S = shrub layer, H = herb layer. 
Plus ( +) equals less than 1% cover. 

o 

S 

+ 

91 
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and its distribution in clear- cuttings is closely tied to its distribution 

in the old forest. Cover of Acer circinatum increases gradually the 

first 4 -5 years after logging and remains in the 20 -60 percent range 

for 10 -15 years. Acer reveals its comparative shade -intolerance 

by declining in cover under dense young Pseudotsuga. By 190 years, 

more light reaches the understory and Acer circinatum cover has 

increased to about 55 percent. As climax approaches, Tsuga 

heterophylla becomes the tree dominant and the cover of Acer de- 

clines. In climax, Acer circinatum has about 5 percent cover in the 

dense forest and 24 percent in lightspots. Corylus cornuta has an 

erratic distribution and occasionally has a high cover in early seral 

and 190 -year -old stands. Corylus is present in few climax stands. 

Rhamnus purshiana has a restricted geographic distribution. It is 

the shrub layer dominant in some 7 to 15- year -old stands. In climax, 

2 to 3 -foot tall Rhamnus is present in a few stands. 

The herb layer has the largest number of species which re- 

present a marked range in response to successional change. 

Polystichum munitum is the dominant throughout succession (Table 

27). Oxalis oregana also has high cover throughout succession. 

Both species have lower covers in the dense shade of climax forests 

than at any other stage in succession. Their highest covers, in 

contrast, are in lightspots of these same climax forests (Table 27). 

The only other species that has a mean cover in excess of 40 percent 
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at some stage in succession is Rubus ursinus. Cover of Rubus 

ursinus increases to about 50 percent in 4- year -old stands and 

fluctuates between 25 to 50 percent for 20 years. Rubus declines 

to less than 1 percent in climax. 

Senecio sylvaticus, an exotic, seems to have become a mem- 

ber of the climax in the Polystichum /Oxalis habitat -type. It has 7 

percent as a maximum cover value one year after logging, but 

plants have been repeatedly observed flowering in the dense forest 

of climax and near - climax stands. 

Rhododendron macrophyllum /Berberis nervosa Habitat -Type 

Pseudotsuga menziesii is the tree layer dominant in stands 

from 25 to 190 years old. In near - climax and climax stands, 

Pseudotsuga shares dominance with Tsuga heterophylla (Table 28). 

The role of Pseudotsuga menziesii in climax is poorly understood. 

Pseudotsuga is less shade -tolerant than Tsuga heterophylla, but it 

reproduces in many stands (Tables 7, 23, and 25; Appendix 5). 

Most of the Rhododendron /Berberis stands occur on upper slopes 

or ridgetops (Figure 2). Trees in these stands are often susceptible 

to blowdown. Mounds of soil left by overturned root wads are scat- 

tered throughout ridgetop stands. They reveal that blowdown is an 

important cause of tree mortality. Pseudotsuga regenerates well 

in the large lightspots resulting from blowdown. If periodic high 



Table 28. Mean cover of selected species for stages throughout secondary succession in the Rhododendron /Berberis habitat -type. 

Species ó 
00 

U 

Years after Cutting 

Climax 
or 

b/ 
Near -climax 

1 

n=8 

2 

n=8 

3 

n:=8 

4 

n =8 

5 

n=8 

6 

n =8 

7 

n =8 

8- 
9 

n=8 

10- 
15 

n =8 

25- 
45 

n =4 

55- 
70 

n=4 
190 

n=4 
LS/ 
n=5 

DF 
n=5 

Trees 
e/ 

1. 1J Tsuga heterophylla T- 20 10 11 29 
S é 

f 
4 + 2 10 4 24 36 

H- + + + + + + 1 + t + 3 

2. 3 Pseudotsuga menziesii T 86 85 57 15 24 
S 3 13 23 4 1 

H 1 3 1 2 2 + + 1 

4 Acer macrophyllum T 10 + 

S + + + 8 

H 

Shrub Layer 
1. 22 Vaccinium parvifolium + + 2 + 2 1 2 1 2 10 1 2 1 3 

2. 3 Rhododendron macrophyllum 25 35 28 23 24 41 26 35 43 13 83 83 11 

2. 3 Vaccinium ovatum 15 2 6 11 13 1 5 9 1 8 14 14 1 1 

2. 3 Acer circinatum 1 + + + 1 + + 32 1 4 20 + 

2. 3 Castanopsis chrysophylla 5 4 + 1 

3. 2 Arctostaphylos columbiana 2 + + 5 + 

Herb Layer 
2. 3 Berberis nervosa 10 13 19 13 33 23 36 12 35 50 20 58 36 24 

2. 3 Gaultheria shallon 4 25 11 16 22 18 69 64 42 41 6 36 1 1 

2. 3 Viola sempervirens 1 + + 1 1 + 1 1 8 + 21 4 + + 

2. 3 Polystichum munitum + + + + 1 5 + + 4 5 14 1 3 + 

2. 3 Oxalis oregana 2 7 + + 5 1 + 

2. 3 Linnea borealis + 2 32 + 

2. 2 Rubus ursinus 2 + 19 32 47 15 23 9 62 8 2 + + + 

2. 2 Lotus crassifolius 11 3 6 1 5 5 16 12 14 + 

2. 2 Whipplea modesta + + + 3 19 19 + 1 + 10 + + 

2. 2 Festuca rubra + 7 + + + 2 + + 

3. 2 Pteridium aquilinum + 19 + 7 23 24 35 19 1 9 2 

3. 2 Hypochaeris radicata 5 7 + 13 2 5 7 + 

3. 2 Crepis capillaris + 2 5 + 2 + + 

3. 2 Deschampsia elongata + + 5 7 5 2 + + 

3. 2 Aira caryophyllea + 2 + + 10 + + 

3. 2 Thermopsis montana 5 + 10 1 

3.1 Erechtites prenanthoides 18 24 1 5 1 2 + + 

3. 1 Senecio sylvaticus 25 9 8 28 4 + + + + 

a/ 
Species tabulated have at least 5% cover in one or more stages. 

b/ 
Stand age ranged from about 300 -500 years. 

c/ 

J 
e/ 

f/ 

See Table 26. 

LS = lightspots, DF = dense forest 

T = tree layer, S = Shrub layer, H = Herb layer 

Plus (+) equals less than 1% cover. 

- 

T 
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winds are considered a natural component of the environment, then 

Pseudotsuga menziesii is the climax dominant on ridgetop 

Rhododendron /Berberis stands. 

Castanopsis chrysophylla has its maximum cover in 50 to 200 - 

year -old stands. It is present in reduced coverages in climax. Both 

tree and shrub forms occur, with the latter predominating. All cover 

for this species was recorded in the shrub layer (Table 28). 

The shrub layer is dominated by Rhododendron macrophyllum 

throughout secondary succession. Like Acer circinatum, 

Rhododendron is a root sprouter and its distribution in clear- cuttings 

is dependent upon distribution in the old forest. It is comparatively 

shade -intolerant and its cover declines under the dense canopy of 

25 to 45- year -old stands. Rhododendron has a maximum cover (83 %) 

in 190 -year -old forests, and in lightspots of climax stands. In the 

dense forest of climax stands, Rhododendron cover averages 11 per- 

cent (Table 28). Arctostaphylos columbiana is the only invader shrub 

recorded (Table 28). 

Senecio sylvaticus and Erechtites prenanthoides have high 

covers the first year after disturbance. Cover of Senecio declines 

the second and third year but records a second peak the fourth year, 

in about one -half the stands. Erechtites cover peaks the second year 

and declines subsequently. 

Rubus ursinus cover peaks in years 4 to 5 and 10 to 15. Why 
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the species reaches maximum cover under the partially- shaded con- 

ditions of the 10 to 15 -year period is not known. Pteridium aquilinum 

attains its maximum cover in the 5 to 15 -year period (Table 28). 

After logging, forest remnant species quickly recolonize 

undisturbed areas regaining complete dominance within seven years. 

The forest remnant low shrubs Gaultheria shallon and Berberis 

nervosa usually share dominance of the herb layer in the 7 to 50- 

year period and Berberis nervosa becomes the sole dominant after 

about 50 years (Table 28). The herb layer of near - climax and climax 

stands is very sparse. Only Berberis and Gaultheria have one per- 

cent or more mean cover. 

Classification of Successional Stages 

Climax stands are often considered the most desirable for a 

phytosociological classification (Daubenmire, 1952). The plant spe- 

cies have had a long period of time to adapt to their physical environ- 

ment and to each other. It has been found in this study, however, 

that cover of understory vegetation is highly variable in the dense 

forest of climax stands. Vegetation is more uniform in lightspots of 

climax and near - climax stands (compare Appendix 3 with Appendix 2). 

Total understory vegetative cover is generally inversely proportional 

to total over story cover. It is necessary to use dominance as well as 

species composition in a characterization of these associations. 
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The high variability of cover data in the understory of climax stands 

severely limits its usefulness in classification. 

The 190 -year -old forest has a relatively homogeneous over - 

story cover. Correspondingly, understory vegetative cover is uni- 

form. There is justification for the phytosociologist to base his clas- 

sification on the widely distributed, uniform, 190 -year -old stands 

rather than on climax stands. This does not deny the value of inves- 

tigating climax stands to understand the trend of secondary succession. 

Serai vegetation has been classified by Mueller -Dombois 

(1959) and Bailey (1963). Mueller -Dombois (1959) noted that forest 

remnant vegetation left after logging largely retains its diagnostic 

value. He also noted that the weedy vegetation is much less useful 

as an indicator of effective environment. The data in Tables 17 and 

18 agree with Mueller -Dombois' (1959) conclusion. Many of the 

invaders grow with approximately the same coverages on disturbed 

areas of the Polystichum /Oxalis and Rhododendron /Berberis habitat - 

types. The invaders are responding to kind and degree of soil surface 

disturbance rather than to the permanent environmental site factors. 

Tables 17 and 18 reveal that enough forest remnant species 

remain on undisturbed areas after logging to permit recognition of 

the habitat -type. It should be apparent from Tables 27 and 28 that 

stands in the Polystichum /Oxalis and Rhododendron /Berberis habitat - 

types can be recognized at any stage in succession. With minor 

/ 
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modifications, the key in Table 5 permits recognition of all five 

habitat -types regardless of succesional stage. The only problems 

encountered have been on areas burned within the past 20 years. A 

competent ecologist can classify even these areas. 
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PART 4: WILDLIFE MANAGEMENT APPLICATIONS 

Roosevelt elk use both forest and clear- cuttings. Since popu- 

lation levels were low in the forest prior to logging, the objective of 

this section was to investigate when in secondary succession, and 

on what habitat -types, preferred forage is available. 

The relationship of elk in the study area to age of clear -cut- 

ting, aspect, and steepness of slope has been demonstrated by 

Harper (1966) and Swanson (1965). Harper (1964) also made an elk - 

food habits study. These two investigators have been relied upon 

for much of the elk- habitat material. Results of the present succes- 

sion study are used to investigate the influence of habitat -types on 

elk populations. 

The 10 most frequently used elk foods, arranged in descend- 

ing order of importance, are: (1) grasses, (2) Rubus ursinus, (3) 

Hypochaeris radicata, (4) Crepis capillaris, (5) Vaccinium ovatum, 

(6) Gaultheria shallon, (7) Polystichum munitum, (8) Acer circinatum, 

(9) Whipplea modesta, and (10) Montia sibirica. The species are 

arranged according to Harper's (1964) findings, with one exception, 

Crepis capillaris. This species was not recorded by Harper (1964). 

It is abundant on certain disturbed areas (Tables 17 and 18). Crepis 

is heavily used by elk. It resembles and grows in association with 

Hypochaeris radicata. 
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Preferred elk foods are not randomly distributed. They 

respond to ecological site, successional stage, and logging treatment. 

Cover data in Tables 29 and 30 illustrate how these preferred species 

respond to habitat -type, successional stage, and logging soil- surface 

disturbance. Data are available for the Polystichum /Oxalis and 

Rhododendron /Berberis habitat -types. These two habitat -types 

occupy about 65 percent of the study area (Table 10). The amount 

of preferred elk forage in the Adiantum -Athyrium habitat -type is 

approximately the same as Polystichum /Oxalis. The supply present 

in Acer /Berberis is intermediate between the Polystichum /Oxalis 

and Rhododendron /Berbe ris habitat -types. Holodiscus /Gaultheria 

has a forage supply about equal to that of the Rhododendron /Berbe ris 

habitat -type. 

Green grass is preferred when available. Important species 

are Deschampsia elongata, Aira caryophyllea, Holcus lanatus and 

Bromus vulgaris (Tables 29 and 30). Hypochaeris radicata, Crepis 

capillaris, and grasses have highest coverages on disturbed areas. 

They illustrate the importance of disturbed areas as a source of 

preferred elk forage. Coverages of Rubus ursinus, Whipplea 

modesta, and Luzula parviflora are unaffected by disturbance. 

Vaccinium ovatum, Gaultheria shallon, Polystichum munitum, Acer 

circinatum, and Montia sibirica occur predominantly on undisturbed 

areas (Tables 29 and 30). Present logging procedures leave 



disturbed areas intermingled with the undisturbed. The pattern is 

beneficial to elk. They forage on Hypochaeris radicata, Crepis 

capillaris, Rubus ursinus, and grasses in disturbed areas and on 
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Rubus ursinus, Vaccinium ovatum, Gaultheria shallon, Polystichum 

munitum, and Acer circinatum in undisturbed areas. 

Swanson (1965) and Harper (1966) have shown that use by elk 

is heaviest on 6 to 8- year -old clear- cuttings. Preferred foods are 

most abundant in the 4 to 9 -year period (Tables 29 and 30). This is 

especially true for the grasses Deschampsia elongata, Aira 

caryophyllea, Holcus lanatus and Bromus vulgaris. In addition, 

Rubus ursinus, Hypochaeris radicata, Crepis capillaris, Whipplea 

modesta, and Montia sibirica peak during this period. Acer 

circinatum leaves and twigs are heavily used during the growing 

season but after 10 years, it is usually too tall to contribute much to 

the elk forage supply. 

Cover data in Tables 29 and 30 reveal why elk do not prefer 

clear- cuttings the first year after logging. There is little elk food 

available. The reasons why elk do not heavily use 10 to 15- year -old 

clear- cuttings or the 190 -year -old forest are not apparent from 

Tables 29 and 30. There is forage available in these stands, but 

most of it has grown in the shade. The palatability and nutrient 

levels are probably much lower. 

The Polystichum /Oxalis habitat -type has nearly twice as much 
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elk forage as the Rhododendron /Berberis habitat -type (Tables 29 

and 30). Mean cover of preferred elk foods in clear- cuttings is 137 

percent in Polystichum /Oxalis, and 71 percent in Rhododendron/ 

Berberis habitat -types. The three years of low use on clear- cuttings 

logged in 1963 (Harper, 1966) is probably directly attributable to the 

lack of food. Blowdown timber was salvaged from ridges and upper 

slopes following the October, 1962 hurricane. Most of the ridges 

and upper slopes are occupied by stands of the Rhododendron/ 

Berberis habitat -type. Food plays an important role in influencing 

elk distribution patterns. 

The Polystichum /Oxalis habitat -type provides much of the 

food for elk populations in both clear- cuttings and forests (Table 29). 

The habitat -type occupies about 40 percent of the study area (Table 

10). It has an unshaded forage supply for a longer period of time 

than Rhododendron /Berberis because Pseudotsuga menziesii does 

not readily become established. The 10 to 15- year -old clear- cuttings 

have 14 percent and 34 percent Pseudotsuga cover in Polystichum/ 

Oxalis and Rhododendron /Berberis habitat -types, respectively. 



Table 29. Mean cover of preferred elk food in early seral stages and 190 year -old forest of the Polystichum /Oxalis habitat -type. 

Age of Clear-cutting 
ó 

w 

190 

S ecies p 
Undisturbed Disturbed 

1 2 3 4 5 6 7 

8- 
9 

10- 
15 1 2 3 4 5 6 7 

8- 
9 

10- 
15 

a 
Deschampsia elongata + + 5 + + + + + 28 52 67 46 26 + 7 
Aira caryophyllea + 2 + 2 + 7 + 3 5 11 17 46 21 31 45 7 
Holcus lanatus + + S + + 2 + 25 3 13 

Bromus vulgaris + 2 + + 2 + + 3 4 + + 8 + 13 3 13 

Luzula parviflora 4 1 1 + 1 1 3 1 3 + 6 12 + 2 5 3 2 7 
Other grasses + + + + + + 2 2 1 + + 1 + 

Rubus ursinus 7 23 19 51 47 27 48 16 49 3 9 4 17 21 9 16 40 37 + 

Hypochaeris radicata + + + 1 + + 2 + 3 5 17 23 10 36 20 36 
Crepis capillaris + 2 + 2 3 6 + + + 12 9 18 16 34 7 15 + 

Vaccinium ovatum + + + 2 + 4 5 + + + + 2 

Gaultheria shallon 3 4 25 19 16 + 24 26 36 + + 7 8 10 8 26 2 19 

Polystichum munitum 71 57 39 57 63 72 70 28 66 2 10 5 1 5 25 14 17 10 68 
Acer circinatum 7 14 19 34 47 29 20 62 34 + + 1 2 1 1 + 1 + 55 

Whipplea modesta + + + + + 7 2 + + 1 2 + 2 17 2 + 

Montia sibirica 2 3 3 11 + + + + 7 1 + + + + 2 

TOTAL COVER 94 106 113 175 183 142 183 139 197 12 75 110 151 181 148 155 180 125 146 

MEAN TOTAL 
COVER, CLEAR_ CUTTINGS 148 126 

a 
Plus ( +) equals less than 1% cover. 



Table 30. Mean cover of preferred elk food in early seral stages and 190 year -old forest of the Rhododendron /Berberis habitat -type. 

Age of Clear -cutting 
2 
w 

190 

Species 
Undisturbed Disturbed 

1 2 3 4 5 6 7 

8- 
9 

10- 
15 1 2 3 4 5 6 7 

8- 
9 

10- 
15 

Deschampsia elongata + + 5 7 5 2 + + 2 14 37 20 21 6 + + 
Aira caryophyllea +- 2 + + 10 + 2 7 13 + 11 + 8 
Holcus lanatus + + 2 + + + 
Bromus vulgaris 
Luzula parviflora 
Other grasses + + 1 2 11 + 2 + + + 3 + 6 16 + 5 + 

Rubus ursinus 2 + 19 32 47 15 23 9 62 + + 6 21 20 15 23 3 36 + 

Hypochaeris radicata 5 7 + 13 2 5 7 + + 1 1 + 30 17 39 16 15 
Crepis capillaris + 2 5 + 2 + + 4 10 1 2 

Vaccinium ovatum 15 2 6 11 13 1 5 9 1 3 + + + + 1 + + 14 

Gaultheria shallon 4 25 11 16 22 18 69 64 42 + 5 + 6 2 1 20 22 13 36 

Polystichum munitum + + + + 1 5 + + 4 + + + + + + + 1 

Acer circinatum 1 + + + 1 + + 32 + + 2 + + + 4 
Whipplea modesta + + + 3 19 19 + 1 + + + 7 16 16 + 1 + 

Montia sibirica + + + 

TOTAL COVER 21 33 46 71 138 66 118 90 141 3 12 24 82 117 74 115 42 79 55 

MEAN TOTAL 
COVER, CLEAR- CUTTINGS 80 61 

Plus( +) equals less than 1% cover. 
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SUMMARY AND CONCLUSIONS 

Forest associations, secondary succession and plant corn - 

munity- Roosevelt elk relationships were investigated over a three - 

year period. Stratification of vegetation into ecological units and an 

understanding of secondary succession by habitat -type were neces- 

sary first steps in conifer - animal browsing studies jointly conducted 

by the Oregon State Game Commission and the Weyerhaeuser 

Company. 

The eight soil series recognized in the study are: Slickrock, 

Bohannon, Apt, Digger, Millicoma, Matson, Ivers, and Agony. The 

last four series named have not been correlated. Soils have devel- 

oped on Tyee sandstone, Elkton siltstone, and Coaledo sandstone 

geologic formations. 

Seven forest communities were tentatively defined from 

vegetation reconnaissance data. Quantitative vegetation data were 

recorded in five stands of each tentative community. Association 

tables constructed after compilation of the quantitative data demon- 

strate that there are five major forest associations. Two indicative 

under story species have been used to name each association through- 

out the text. The associations are given below with the climax tree 

dominant included in the name: 
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Thu ja / Adiantum-Athyrium 

T suga / Poly sti chum / Oxali s 

Tsuga/Acer/Berberis 
T suga-Pseudotsuga/ Rhododendron/ Berberis 
Pseudotsuga /Holodi scus / Gaulthe ria. 

The Adiantum -Athyrium association is dominated by Thuja 

plicata. The shrub layer is nearly non -existent. Polystichum 

munitum and Oxalis oregana have very high cover in the herb layer. 

High- constancy, low -cover indicator species are: Adiantum pedatum, 

Athyrium filix -femina, Blechnum spicant, and Marah oreganus. The 

association generally occurs on steep slopes near the bottoms of 

lower elevation canyons. Stands are protected from long periods of 

direct insolation. The moist, stony Slickrock soil series underlies 

most stands. 

The Polystichum /Oxalis association is the most widespread 

and variable community studied. Reconnaissance data suggested the 

existence of three associations. In climax, Tsuga heterophylla usually 

dominates the tree layer. The shrub layer is dominated by Tsuga 

reproduction or by Acer circinatum. Polystichum munitum and 

Oxalis oregana have high cover values in the herb layer. Tiarella 

trifoliata is highly indicative of this association. Lightspots have a 

much higher cover of Polystichum munitum and Oxalis oregana than 

dense forests. Stands occur on lower and middle slopes over a wide 

elevational range and are underlain by Matson or Apt soil series. 
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These soils are deep, moderately stony to stonefree. Lateral 

seepage apparently supplies water in most stands. 

In climax, the Acer /Berberis association is dominated by 

Tsuga heterophylla. The amounts of Thuja plicata and Pseudotsuga 

menziesii in climax stands are variable depending upon location and 

history. Shrub layer cover is low in the dense forest. Acer 

circinatum dominates in lightspots. Herb layer dominance is usually 

shared by Berberis nervosa and Polystichum munitum. Stands occur 

on gentle to steep, lower and middle slopes. Soils have developed 

from the Elkton siltstone member of the Tyee formation and are 

usually in the Millicoma or Matson soil series. They are light - 

colored, nearly stonefree and have a clay or clay loam texture. 

The Rhododendron /Berberis association is dominated by 

Tsuga heterophylla or Pseudotsuga menziesii in the climax stage. 

Tsuga is more shade -tolerant than Pseudotsuga. Frequent blowdown 

on ridgetops, however, permits Pseudotsuga to regenerate in the 

large openings. In the dense forest, there is a low understory cover 

of Rhododendron macrophyllum and Berberis nervosa. In contrast, 

lightspots have a dense thicket of Rhododendron. Allotropa virgata, 

a low constancy saprophyte, has high fidelity to this association. 

Stands usually occur on south -facing upper slopes or ridgetops. 

The Millicoma, Matson or Ivers soil series usually underlie these 

stands. 
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Pseudotsuga menziesii is the climax tree dominant of the 

Holodiscus /Gaultheria association. The species is successfully 

reproducing in all stands studied. The shrub layer is dominated 

by Holodiscus discolor. Gaultheria shallon and Berberis nervosa 

share herb layer dominance. Species only found in this association 

include: Philadelphus lewisii, Symphoricarpos mollis, Madia 

gracilis, Hierochloe occidentalis, Ligusticum apiifolium, and 

Lonicera hispidula. Stands usually occur on south -facing, upper 

slopes and ridgetops. The Agony or Digger soil series which have 

developed from the Elkton siltstone and Coaledo sandstone forma- 

tions, respectively, underlie the stands. The soils are stony, have 

clay B horizons, and experience annual summer drought. 

A complex mosaic of dense forests and lightspots occur in 

old- growth forests of the study area. Understory vegetation responds 

to increased light in four of the five associations studied. It is 

recommended that lightspots be studied in phytosociological inves- 

tigations of similar old- growth forests; not only is the vegetation 

more homogeneous in lightspots, but certain indicator species only 

occurred in them. These indicator species were found to be essen- 

tial in separating stands of the Polystichum /Oxalis association from 

closely related stands of Acer /Berberis. 

The influence on succession of soil- surface disturbance 

caused by logging has been studied in 1 to 15- year -old stages of 
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two habitat- types. In the Polystichum /Oxalis habitat -type, Senecio 

sylvaticus dominates the first year after logging. Deschampsia 

elongata dominates in years 2 to 4. Cirsium vulgare cover peaks 

the third year. In the 5 to 9 -year period, Aira caryophyllea, Rubus 

ursinus, Hypochaeris radicata, and Crepis capillaris have high 

cover. Hypochaeris radicata and Pteridium aquilinum share domi- 

nance in the 10 to15 -year period. By this time, Pseudotsuga 

menziesii has 16 percent cover. 

Disturbed areas in the Rhododendron /Berberis habitat -type 

have more than 65 percent bare ground the first two years after 

logging. Deschampsia elongata dominates in years 3 to 4. Lupinus 

rivularis reaches its maximum cover the fourth year. Hypochaeris 

radicata and Rubus ursinus dominate in the 5 to 7 -year period. In 

years 8 -15, Pseudotsuga menziesii takes over dominance with 32 -44 

percent cover. Other high -cover species in this period are: 

Thermopsis montana, Rubus ursinus, and Pteridium aquilinum. 

Understory forest remnant species regain dominance after 

Pseudotsuga menziesii. 

Available stages in secondary succession have been studied 

from one year after logging to climax in the Polystichum /Oxalis and 

Rhododendron /Berberis habitat- types. Parts of clear- cuttings with- 

out soil- surface disturbance were investigated. 

Pseudotsuga menziesii is the seral tree dominant in the 
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Polystichum /Oxalis habitat -type. It has low cover the first 15 years, 

attains a maximum cover in about 55 -80 years, and declines there- 

after. Pseudotsuga is often eliminated in climax and Tsuga 

heterophylla becomes dominant. Shrub layer cover is highly varia- 

ble, depending upon stage in succession. Acer circinatum usually 

has the highest cover. Cover of Acer is inversely proportional to 

over story density. The herb layer is dominated throughout second- 

ary succession by Polystichum munitum and Oxalis oregana. Rubus 

ursinus cover increases to about 50 percent in the fourth year and 

fluctuates around this level until decreasing with an increase of 

Pseudotsuga in the 15 to 40 -year period. Many shade -intolerant 

invaders occur in clear- cuttings the first 25 years of succession 

but are eliminated when the Pseudotsuga canopy becomes dense. 

Secondary succession is quite different in the Rhododendron/ 

Berberis habitat -type. Pseudotsuga menziesii is the seral tree 

dominant, whereas either Pseudotsuga or Tsuga heterophylla may 

be dominant in the climax. Rhododendron macrophyllum dominates 

the shrub layer throughout secondary succession. Rhododendron 

cover is low in the dense forest of climax stands but is high in light - 

spots. Berberis nervosa is the herb layer dominant in climax. It 

has a relatively constant coverage throughout secondary succession. 

The invaders, Senecio sylvaticus and Erechtites prenanthoides 

dominate the first two years after logging. Senecio has a second 
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maximum the fourth year in about one -half the stands. Rubus ursinus 

has high cover in the 4 to 15 -year period but cover declines to less 

than 1 percent in climax. Maximum cover of Gaultheria shallon 

occurs in the 7 to 25 -year period. Gaultheria is intolerant to dense 

shade and declines to about 1 percent cover in climax. 

Habitat -types can be recognized in all stages of secondary 

succession. In clear- cuttings, the forest remnant vegetation retains 

its diagnostic value. Invader species respond to kind and degree 

of soil- surface disturbance rather than to permanent environmental 

site factors. 

Preferred Roosevelt elk forage is most abundant in the 4 to 

9 -year period. This period coincides with the ages of clear- cuttings 

most used by elk. In 1 to 15- year -old clear- cuttings, the 

Polystichum /Oxalis habitat -type has about twice as much preferred 

elk food as Rhododendron /Berberis. Present logging methods leave 

a mosaic of intermingled disturbed and undisturbed areas. The 

pattern is beneficial to elk. Animals can forage on disturbed areas 

for Rubus ursinus, Hypochaeris radicata, Crepis capillaris and 

invader grasses. They can feed on forest remnant species 

Vaccinium ovatum, Gaultheria shallon, Polystichum munitum, Acer 

circinatum) in adjacent undisturbed areas. 
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Appendix 1. Descriptions of typical profiles for soil series in 
study areas. 

01 . 5 -0" 

Al 0 -8" 

Al2 8 -25" 

B2 25 -60" 

Slickrock Soil Series 

Macroplot 36 

Litter of twigs, leaves, and branches. 

Very dark grayish brown (1UYR 3/2, dry) to very 
dark brown (7. 5YR 2/2, moist) very gravelly 
loam; weak, very fine, subangular blocky struc- 
ture; roots abundant; 65% coarse fragments. 

Dark grayish brown (10YR 4/2, dry) to very dark 
brown (1UYR 2/2, moist) very gravelly loam; weak, 
very fine, subangular blocky structure; roots 
common; 55% coarse fragments. 

Light yellowish brown (10YR 6/4, dry) to strong 
brown (7. 5YR 4/6, moist) very gravelly loam; 
weak, very fine, subangular blocky structure; 
roots common; 65% coarse fragments. 

C 60 -83 +" Very pale brown (10YR 7/3, dry) to brown (10YR 
5/3, moist) broken coarse sandstone rock; struc- 
tureless; roots few; 90% coarse fragments. 
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Appendix 1. Continued. 

01 1 -0" 

Al 0 -7" 

A3 7 -15" 

B21 15 -28" 

Bohannon Soil Series 

Macroplot 19 

Litter of leaves, twigs, and branches. 

Grayish brown (10YR 5/2, dry) to very dark brown 
(10YR 2/2, moist) very gravelly loam; weak, very 
fine, subangular blocky structure; roots very 
abundant; 55% coarse fragments. 

Grayish brown (2. 5Y 2/2, dry) to dark grayish 
brown (10YR 3/2, moist) very gravelly loam; 
moderate, fine, subangular blocky structure; 
roots abundant; 45% coarse fragments. 

Pale brown (10YR 6/3, dry) to dark brown (10YR 
3/3, moist) very gravelly clay loam; weak, fine, 
subangular blocky structure; roots abundant; 55% 
coarse fragments. 

B22 28 -36" Pale brown (10YR 6/3, dry) to dark yellowish brown 
(10YR 4/3, moist) gravelly clay; weak, fine, sub - 
angular blocky structure; roots common; 35% coarse 
fragments. 

C 36 +" Pale brown (10YR 7/4, dry) to brown (10YR 4/3, 
moist) very gravelly clay; weak, fine, subangular 
blocky structure; roots few; 50% coarse fragments. 
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Appendix 1. Continued. 

01 1 -0" 

Al 0 -7" 

B1 7 -12" 

B21 12 

B22 23 

C 35 

Millicoma Soil Series 

Macroplot 13 

Litter of leaves, twigs, and branches. 

Yellowish brown (10YR 5/4, dry) to dark brown 
(10YR 3/3, moist) loam; strong, very fine, sub - 
angular blocky structure; roots common; 5% 
coarse fragments. 

Light yellowish brown (10YR 6/4, dry) to dark 
yellowish brown (10YR 3/4, moist) clay loam; 
strong, fine, subangular blocky structure; roots 
few; 5% coarse fragments. 

-23" Brownish yellow (10YR 6/6, dry) to brown (7. 5YR 
4/4, moist) clay loam; strong, fine, subangular 
blocky structure; few roots; 10% coarse fragments. 

-35" Light yellowish brown (10YR 6/4, dry) to yellowish 
brown (9YR 5/6, moist) clay; moderate, fine, sub - 
angular blocky structure; few roots; 10% coarse 
fragments. 

-48 +" Very pale brown (10YR 7/4, dry) to yellowish 
brown (10YR 5/6, moist) clay; weak, fine, sub - 
angular blocky structure; few roots; 15% coarse 
fragments. 
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Appendix 1. Continued. 

Matson Soil Series 

Macroplot 16 

01 . 5 -0" Litter of leaves, twigs, and branches. 

Al 0 -10" Brown (10YR 5/3, dry) to dark brown 7. 5YR 2/2, 
dry) silty clay loam; strong, fine, subangular 
blocky structure; roots common; 3% coarse 
fragments. 

B2 10 -21" Pale brown (10YR 6/3, dry) to dark brown (7. 5YR 
3/4, moist) clay; weak, fine, subangular blocky 
structure; few roots; 1% coarse fragments. 

B3 21 -34" Very pale brown (10YR 7/4, dry) to strong brown 
(7. 5YR 5/6, moist) clay; weak, very fine, sub - 
angular blocky structure; few roots; 1% coarse 
fragments. 

C 34 -41 +" Light gray (2. 5YR 7/2, dry) to light grayish brown 
(2. 5Y 6/2, moist) mottled with pale brown (10YR 
7/4, dry) and yellowish red (5YR 5/8, dry) to 
strong brown (7. 5YR 5/6, moist) and dark red 
(2. 5YR 3/6, moist) clay; massive structure; few 
roots; no coarse fragments. 



157 

Appendix 1. Continued. 

Ivers Soil Series 

Macroplot 11 

01 1 -0" Litter of leaves, twigs, and branches. 

Al 0 -11" Pale brown (10YR 7/3. 5, dry) to dark yellowish 
brown to yellowish brown (10YR 4/4 -5/8, moist) 
very gravelly sandy loam; moderate, very fine, 
subangular blocky structure; few roots; 65% coarse 
fragments. 

B2 11 -23" Very pale brown (10YR 7/4, dry) to yellowish brown 
(10YR 5/6, moist) very gravelly sandy loam; weak, 
fine, subangular blocky structure; few roots; 75% 
coarse fragments. 

C 23 -30" Light yellowish brown (10YR 6/4, dry) to dark 
yellowish brown (10YR 4/4, moist) very gravelly 
sandy loam; structureless; few roots; 85% coarse 
fragments. 

R 30 +" Pale yellow (2. 5Y 7/4, dry) to brownish yellow 
(10YR 6/6, moist) soft sandstone rock. 
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Appendix 1. Continued. 

01 2 -0" 

All 0 -4" 

Alt 4 -13" 

B2 13 -25" 

B3 25 -44" 

C 44 -62" 

R 62 +" 

Apt Soil Series 

Macroplot 29 

Litter of leaves, twigs, and branches. 

Brown (10YR 5/3, dry) to dark brown (10YR 3/3, 
moist) gravelly silty clay loam; strong, very fine, 
subangular blocky structure; roots abundant; 10% 
coarse fragments. 

Yellowish brown (10YR 5/4, dry) to dark brown 
(10YR 3/3, moist) gravelly loam; strong, fine, 
subangular blocky structure; roots common; 10% 
coarse fragments. 

Very pale brown (10YR 7/3, dry) to dark yellowish 
brown (10YR 4/4, moist) gravelly silty clay loam; 
strong, fine, subangular blocky structure; roots 
common; 15% coarse fragments. 

Light yellowish brown (10YR 6/4, dry) to brown 
(7. 5YR 4/4, moist) gravelly silty clay loam; weak, 
fine, subangular blocky structure; few roots; 15% 
coarse fragments. 

Light yellowish brown (10YR 6/4, dry) to brown 
(9YR 4/4, moist) gravelly clay loam; massive 
structure; few roots; 25% coarse fragments. 

White (10YR 8/1, dry) to light gray (2. 5Y 7/2, 
moist) soft, fine sandstone rock. 
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Appendix 1. Continued. 

Agony Soil Series 

Macroplot 23 

01 1 -0" Litter of leaves, twigs and branches. 

Al 0 -8" Pale brown (10YR 6/3, dry) to dark grayish brown 
(10YR 4/2, moist) gravelly clay; strong, very fine, 
subangular blocky structure; roots few; 25% coarse 
fragments. 

B2 8 -14" Brown (10YR 5/3, dry) to dark brown (10YR 4/3, 
moist) gravelly clay; strong, coarse, subangular 
blocky structure; few roots; 35% coarse fragments. 

B3 14 -31" Yellowish brown (10YR 5/4, dry) to dark brown 
(10YR 4/3, moist) gravelly clay; moderate, fine, 
subangular blocky structure; few roots; 60% coarse 
fragments. 

R 31 +" Light gray (5Y 7/1, dry and moist) interlayered 
with bands of yellowish red (5YR 4/8, dry and 
moist) soft siltstone rock. 
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Appendix 1. Continued. 

01 . 5 -0" 

Al 0 -5" 

Bl 5 -12" 

B2 12 -31" 

Digger Soil Series 

Macroplot 25 

Litter of leaves, twigs, and branches. 

Light gray (9YR 7/2, dry) to brown (10YR 4/3, moist) 
gravelly clay loam; strong, very fine, subangular 
blocky structure; roots abundant; 30% coarse 
fragments. 

Light gray (10YR 7/2, dry) to brown (10YR 4/3, 
moist) gravelly clay loam; strong, fine, subangular 
blocky structure; roots common; 50% coarse 
fragments. 

Pale brown (10YR 7/3, dry) to brown (10YR 4/3, 
moist) gravelly clay loam; moderate, fine, suban- 
gular blocky structure; roots common; 55% coarse 
fragments. 

R 31 +" Light yellowish brown (10YR 6/4, dry) to yellowish 
brown (10YR 5/6, moist) soft, fine sandstone rock. 


