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ties of a Douglas -fir ecosystem to determine the organic matter 

production and mineral composition. 

Four sample sites were selected in each plant community and 

the understory vegetation sampled using the method of quadrats of 

successively increasing size. All herbaceous plants were separated 

by species while shrubs were first separated by species and then, 

for each species, by leaves or needles and woody parts. The sam- 

ples were immediately weighed to obtain the green weight and then 

were taken to the laboratory, dried, and re- weighed to obtain the dry 

weight of organic matter produced. After suitable preparation the 
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concentrations. Using the amount of dry organic matter produced 

(in kg. /ha. ) and the mineral concentrations (in %), the percentage 

concentrations of these nutrients were converted to the kilogram per 

hectare basis. 

It appeared that the organic matter production and mineral 

content of understory vegetation varied significantly between plant 

communities. In other words, organic matter production and mineral 

content tended to be characteristic of each plant community. It was 

found, however, that unstable, immature communities showed a 

greater variation in total organic matter production than did climax 

communities. It was further found that, considering a limited area, 

the organic matter production of different sample sites within a 

community was similar. 

One of the limiting factors for organic matter production, as 

well as for total mineral content, of understory vegetation was light 

intensity at ground level as indicated by the percentage crown cover. 

The mineral concentration of the shrub layer was found to be 

lower than that of the herb layer with the exception of manganese, 

for which the shrubs had a higher concentration than did the herbs. 

It was also noted that certain plant species appeared to be selective 

for certain minerals. 

The results of this investigation seem to indicate that the 

understory plays a very important role in the nutrient cycle. 



Although it contributes a smaller amount of organic matter than 

does the overstory, the under story has a much higher mineral con- 

centration and its annual turnover appears to be a very important 

factor in determining the fertility level of the forest floor. 
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AMOUNT AND CHEMICAL COMPOSITION OF 
UNDERSTORY VEGETATION IN ALSEA 

BASIN FOREST COMMUNITIES 

I. INTRODUCTION 

The forest is probably the most massive and multi - layered of 

terrestrial communities, with each layer supporting a variety of 

plant and animal life and having its own characteristics. 

Tansley's ecosystem concept (1935) clarified this extremely 

complicated structure which includes not only the living organisms 

but also the physical environment of soil and climate and the influ- 

ence of man, as well as the relationships, balance, and interactions 

between these different components. It provides a better understand- 

ing of the nature of forests not only on a yearly or semi - yearly basis 

but also on the long -term basis of forest productivity. 

In order to understand such systems we group their components 

into a number of categories such as: soil, forest floor, understory, 

and overstory. 

The term "understory vegetation, " which is of major interest 

in this work, includes all the different layers of plants beneath the 

tree overstory. These different layers of plants include: the mosses 

and various lower plant species forming the moss layer; the grasses 

and other annual plants forming the herb layer; and the shrubs and 

tree seedlings forming the shrub layer. 
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The investigation of understory vegetation in the forest eco- 

system is of great importance because the problem of ecological 

evaluation is involved, to some extent, in nearly every forest re- 

search problem. Following are a few examples of this. 

Forest management is concerned with the evaluation of the 

understory vegetation for site classification, for the preparation of 

the site for regeneration, and for determining its influence on the 

fertility and moisture content of forest soils. 

Range and wildlife research is especially interested in the 

measurement of forage production and the chemical composition of 

understory vegetation, which is used as a food source and cover by 

livestock and game. 

In watershed research, the understory vegetation plays an 

important role in determining the chemical properties of water in the 

ecosystem. This vegetation provides a cover, thus stabilizing the 

soil and also influencing the chemical composition of the water itself. 

Fire research is concerned with the effects of the kind and 

amount of understory vegetation on the flammability and rate of 

spread of fires. 

Forest pathology and entomology deals with understory vegeta- 

tion as a host for diseases as well as with its role in the life cycle 

of tree -dwelling insects. Understory vegetation is also an intermedi- 

ate factor in the spread and control of insects and diseases. 
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It is apparent that the study of understory vegetation has many 

implications for and applications to the management of forest eco- 

systems. The primary objective of this study was to evaluate, in 

part, the influence that understory vegetation has on the properties 

of the forest floor in Douglas -fir forests. Although this study is 

based on the analysis of the understory vegetation in the Alsea Basin 

Douglas -fir ecosystems, its results can, to some extent, be applied 

to all the above problems. In addition it can, by extension, inform 

us somewhat of the composition and properties of the under story 

vegetation in the entire West Coast Douglas -fir region. 
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II. LITERATURE REVIEW 

Probably the earliest work undertaken concerning understory 

vegetation was that of Ebermayer (1876). His attention was drawn 

to this problem because the yearly removal of litter degradated the 

forest stands of Bavaria. He found that the thickness of the moss 

layer was related to both elevation and moisture. Thus, the weight 

of moss under mesic alder and spruce stands was greater than that 

under more xeric larch and pine stands. He also observed that if 

the tree canopy was too open the moss was replaced by herb and grass 

species. 

Other investigators in the first quarter of this century also 

mentioned the ground vegetation, especially the moss layer. They 

pointed out its general importance as a source of nutrients but none 

of them gave quantitative data. 

Then, in 1935, Tansley introduced the ecosystem concept, 

which focused more attention on the ground vegetation. 

Using this concept, Scott (1955) carried out a large -scale 

investigation into litter production and mineral composition of forest 

stands in Connecticut. Considering all the forest types and conditions, 

he found that the organic matter production by understory vegetation 

was roughly 15% of the annual 1611.2 pound per acre yield of organic 

matter to the soil. His final conclusion was (page 54): 
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There is strong evidence that the litter of sub- 
ordinate vegetation in forest stands may play 
an important role in the general nutrient cycle. 
Due to higher concentration of many nutrient 
elements in this portion of the forest litter, 
the influence of the litter of subordinate vege- 
tation must be greater than its proportional 
weight would indicate. In consideration of 
forest soil fertility and humus layer conditions, 
it is evident that the importance of the under - 
story vegetation should not be minimized, and 
surely cannot be ignored. 

Tarnur (19531 studied the annual growth of Hylocomium prolif- 

erurn in Sweden and Norway and found that, in mosses growing under 

a spruce canopy, the amount of growth increases with increasing 

light intensity. The annual growth of a closed community of mosses 

dominated by Hylocomium proliferum ranges from 0.4 to 0.9 tons of 

dry matter per hectare when the light intensity varies from 12% to 

55 %. 

The same effect was noted by Ovington and Madgwick (1955) 

when they determined that light intensity is one of the main limiting 

factors in the growth of understory vegetation. Greater light penetra- 

tion through the canopies causes greater organic matter production by 

understory vegetation. 

Still considering this effect, Ovington (1955), in investigating 

the ground vegetation in various successive stages under different 

plantations in Great Britain, came to the conclusion that (page 18): 

There can be little doubt that the tree canopies, 
by controlling light intensity and rainfall at 
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ground level are of primary importance in 
determining the serai stages of the ground 
floras under different tree stands. 

Pase and Hurd (1957), investigating the amount of understory 

vegetation available for livestock and deer in the Black Hills of South 

Dakota and Wyoming, related the organic matter production of this 

vegetation to both basal area and crown cover. They found that the 

production of understory vegetation increased as basal area decreased. 

For example, dry herbage production increased from 22 pounds per 

acre in a stand with a basal area of 200 square feet per acre to 1660 

pounds per acre on clear -cut areas. At 80 to 120 square feet of basal 

area per acre (which may be the two limits for desirable stocking), 

the total understory production ranged from 300 to 125 pounds per 

acre. Of this total production, grasses accounted for 75 %, herbs for 

11%, and shrubs for 14 %. 

The total understory organic matter production and percent 

crown cover showed essentially the same relationship as did produc- 

tion and basal area. The densest canopies, averaging 70% cover, 

had 145 square feet of basal area and 35 pounds of herbage per acre 

were produced. A crown cover of 40% to 55% was associated with a 

basal area of 80 to 120 square feet per acre. 

On the other hand, the chemical composition of understory 

vegetation is not so closely related to tree cover as is dry weight. 

It is influenced more by overall soi; conditions than by the amount 
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of precipitation or by variations in light intensity. 

Another factor affecting the chemical composition was observed 

by Tamm (1950). He observed that the concentration of nitrogen, 

phosphorus, and potassium in Hylocomium proliferum growing under 

spruce was increased by water that was enriched in these nutrients 

As it passed through the tree canopies. 

While investigating the removal of plant nutrients from tree 

crowns, Tamm (1951), working in Sweden, found that the amounts of 

calcium, potassium, and sodium removed are much greater than the 

amounts of nitrogen and phosphorus removed. He pointed out (page 

187): "... certain nutrients given off by the trees in soluble form 

cannot be overlooked when discussing tree nutrition. " 

Will (1959), working in New Zealand, found that the rainwater 

collected under Douglas -fir contained the same amount of phosphorus 

and at least twice as much potassium as litter falling on the same 

area. Under radiata pine the rainwater contained 60% of the total 

potassium, 20% of the total phosphorus, and 15% of the calcium. The 

phosphorus found in rainwater under radiata pine and Douglas -fir is 

minimum in winter and maximum in autumn. Potassium followed a 

similar pattern. 

A similar effect was noted by Ovington (1956) when he found 

that understory vegetation contained a greater percentage of nutrients 

than did vegetation produced without a tree canopy. He was able to 
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show that a general relationship existed between the chemical com- 

position of the understory vegetation and the litter produced by the 

trees. For example, he found that the ground flora under Alnus 

incana was rich in nitrogen, potassium, and calcium and correspond- 

ingly the litter of Alnus incana was shown to have a high content of 

same nutrients. 

The relationship between nutrient content and geographical dis- 

tribution of vegetation was shown by Remezov (1956) when he studied 

the quantitative biological circulation of elements in connection with 

organic substances in soils in different forest types throughout the 

European U. S. S. R. Working from north to south, he investigated the 

tundra vegetation, the coniferous tree forests of the taiga, the 

coniferous - broadleaf forests, and finally the oak forests, finding 

organic matter production to be highest in the oak forests. In addi- 

tion, he was able to show that the total content of mineral elements 

increased from north to south but, at any stage, varied according to 

the age class of the plant community. 

Further information on the chemical composition of understory 

vegetation was obtained by Höhne (1959, 1963) and Höhne and Fiedler 

(1963) while studying the organic matter production and mineral con- 

tent of ground flora in the Tharan.dt Forest in Germany. They found 

that, although some species were selective for certain elements, 

there were still close relationships between the nutrient contents of 

1.rese 
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plants and soils. The monthly variation of nitrogen and other min- 

erals in five species of forest grasses was also studied. This study 

was extended to the litter, when completely dried after withering, in 

order to determine the amount of ash and nitrogen washed from the 

dead substance. 

The role of understory vegetation in the nutrient cycle was 

shown by Madgwick (1965) in studying forty - year -old Fraxinus excel- 

sior plantations in Monks Wood National Nature Reserve. He found 

that the ground flora weight was 2.4 tons per hectare (mosses and 

liverworts were not sampled). The concentration of nutrients in the 

foliage was shown to be within the range determined by Scott (1955) 

with the exception of manganese, which was very low. This was 

probably the result of the heavy clay soil which has a neutral pH. 

The understory vegetation contained from 37% to 44% of the 

total foliar content of potassium, calcium, magnesium, and nitrogen. 

This illustrates the great importance of understory vegetation in the 

nutrient cycle of the forest ecosystem. 

The mineral content of the native plants of Wisconsin was 

studied in relation to families, species, and plant communities by 

Gerloff, Moore, and Curtis (1964). They found that, to some extent, 

the nutrient composition was characteristic of the plants from each 

community. For example, plants collected from bog communities 

were generally characterized by a very high manganese content. 
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On the other hand, the different plant species within a community 

varied to a certain degree in their concentrations of minerals. Many 

species were shown to have an extraordinary capacity for the selec- 

tive uptake of heavy metals or other toxic elements, rendering the 

plants toxic to livestock. 

Although this selective absorption of mineral elements by 

under story and overstory vegetation is of major importance in biogeo- 

chemical work (for example, that of Cannon in 1960), it is also of 

importance, to a lesser extent, both in forestry and in range manage- 

ment and so must be given consideration here. 

This selective uptake of minerals was demonstrated by the work 

of Lewis and Eisenmenger (1948). In an experiment in which 22 seed 

plants of varying degrees of development were grown in three differ- 

ent soils and then analyzed for potassium, they found that the per- 

centage gain of potassium decreased as the order of development 

increased. Thus their work indicated that early forms of plants, 

such as mosses and lichens, have the capacity to obtain the necessary 

ions under conditions in which highly developed plants could not sur- 

vive. 

In investigating the problem of selective absorption by native 

plants of Wisconsin, Gerloff, Moore and Curtis (1966) found the 

strongest selectivity for potassium in Phryma Leptostachya (6. 68%) 

and Osmorhiza longistylis (6.98 %). In all other cases the average 
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potassium concentration was much lower than in these two species. 

For manganese, Quercus rubra (1487 p. p. m. ) and Gaultheria hispi- 

dula (3000 p. p. m. ), and for zinc, Nemopathus mucronata (711 p. p. m.) 

were found to be the most selective. Samples from Saliacaceae 

(Populus and Salix) and from the genus Betula in the Corylaceae 

family also contained high zinc concentrations in comparison with 

other species from the same sites. 

These workers summed up the importance of this selective 

absorption when they noted (page 403): 

It seems quite possible that species with an 
unusual capacity for absorbing certain elements 
would be able to absorb them from relatively 
unavailable forms in the soil, and thus maintain 
the elements in circulation in a plant community. 

The major conclusions to be drawn from published works are 

the following: 

1) The limiting factors in organic matter production are 

rainfall and light intensity at ground level. 

2) The chemical composition of understory vegetation 

is influenced mainly by soil conditions and, in some 

cases, by tree species. 

3) The uptake of mineral elements by different plant 

species varies, with some plants exhibiting a 

marked selectivity in the concentration of mineral 

nutrients. 
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III. DESCRIPTION OF THE STUDY AREA 

The Alsea Basin study area (Figure 1) is located on the west 

slopes of the Oregon Coast Range in Benton and Lincoln Counties. 

The watershed, which has a total area of 283, 449 acres, is drained 

by the Alsea River into the Pacific Ocean. The elevation ranges 

from sea level to 4097 feet but most of the sample areas lie below 

1800 feet. 

Geology 

The geology is dominated by the Tyee Formation, which is of 

Eocene age. This formation, occupying more than 75% of the area, 

consists of bluish -gray to gray micaceous and arkosic sandstone and 

siltstone (Baldwin, 1959). Plant fragments are the only fossils and 

are more common in the uppermost silty units. The Tyee Formation 

appears to be several thousand feet thick. It is 6000 to 7000 feet 

thick along the Yaquina River (Vokes, Norbisrath, and Snavely, 1949) 

and it could be even thicker in areas not exposed so much to erosion 

(Baldwin, 1959). 

The Moody shale member of the Toledo Formation occupies a 

narrow band along the coast and was deposited during the late Eocene 

Age (Baldwin, 1959). 

The Siletz River Volcanic Series, found in the area of the 



Figure 1. Alsea Basin study area as seen 
from Risley Creek Road. 
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North Fork of the Alsea River, consists of submarine lava flows, 

breccias, and tuffs. In addition, small intrusive bodies are also 

found at Grass Mountain, Table Mountain, and Cannibal Mountain 

(Baldwin, 1959). 

Climate 

The climate of the study area is classified as a Cb marine 

climate (Trewartha, 1954). This climate is characterized by wet, 

mild winters. However, the summer is much drier than is normal 

for the typical Cb climate since this region is predominantly influ- 

enced by the Hawaiian high pressure weather system during this 

season. 

The annual precipitation at Tidewater, averaged over the ten - 

year period between 1957 and 1966, was 91.3 inches and that during 

the corresponding period at the Alsea Fish Hatchery was 94.7 inches 

(U. S. Weather Bureau). The precipitation in the Tidewater subarea 

is more effective, however, because of frequent summer fogs and 

cloudiness. The Alsea subarea, on the other hand, has more sunny 

days in the summer and fogs are not so common as at Tidewater, 

nearer the coast. 

Table 1 on page 16 shows the monthly precipitation during 1966, 

when the study reported in this work was carried out. 



Table I. Monthly precipitation (inches) for 1966 (U. S. Weather Bureau) 

Elev. 
Stati °n feet Lat. Long. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Tidewater 50 44 °25' 123 °54' 18.24 9.14 17.15 2.39 1.30 1.58 1.20 0.29 2.00 6.52 - 17.90 

Alsea Fish 
Hatchery 230 44°24' 123 °45' 18.37 8.68 16.99 2.44 1.55 1.13 0.61 0.37 1.49 6.49 13.20 17.89 89.21 

Table II. Average monthly temperatures (F °) for 1966 (U. S. Weather Bureau). 

Elev. 
Station feet Lat. Long. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

Tidewater 50 44°25' 123 °54 44.3 44.8 46.7 52.1 54.8 60.0 62.1 63.9 64.7 56.0 49.8 46.0 53.8 

- 
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Snowfalls are rare at lower elevations in the Alsea Basin and 

snow seldom stays on the ground for more than two or three days at 

a time. At higher elevations, however, snow remains all through 

the winter season. 

The annual temperature at Tidewater, averaged over six years 

of the period from 1957 to 1966, was 52.9°F. (U. S. Weather Bureau). 

Table 2 on page 16 indicates the average monthly temperatures for 

1966. According to reports of the Weather Bureau for 1966, the 

maximum temperature at the Tidewater station was 94oF. and 

occurred on August 20th and September 21st, while the minimum 

temperature of 28oF. was measured at the station on January 20th. 

No temperature data are available from the Alsea Fish Hatchery but 

generally the summer temperatures are higher there than in the 

Tidewater subarea. 

Soils 

Most of the soils on the study area have developed on sandstone 

parent materials and have dark, thick, surface horizons with loam to 

clay loam texture, while subsoil horizons are weakly developed with 

a light accumulation of clay. Base saturation and pH, highest in the 

surface horizons, slowly decrease with increasing depth. The soils 

are classified in the Great Soil Groups: Sol Brun Acide (Inceptisol) and 

Reddish Brown Lateritic (Ultísol) (Corliss and Dyrness, 1961 and 1965). 
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Vegetation 

The vegetation consists of dense coniferous forests with 

Douglas -fir (Pseudotsuga menziesii (Mirb. ) Franco. ) being the 

dominant species. Smaller amounts of western redcedar (Thua 

plicata Donn. ) and western hemlock (Tsuga heterophylla (Raf. ) Sarg. ) 

are also present. The dominant hardwood species are red alder 

(Alnus rubra Bong. ) and bigleaf maple (Acer macrophyllum Pursh. ). 

The dominant understory species are Acer circinatum Pursh., Holo- 

discus discolor (Pursh. ) Maxim. , Gaultheria Shallon Pursh. , Rubus 

spectabilis Pursh. , Polystichum munitum (Kaulf. ) Presl. Pteridium 

ayuilinum (L. ) Kuhn. var. pubescens Underw. and Oxalis oregana 

Nutt. (See Appendix I for a complete list of the plant names. ) 

During the detailed soil- vegetation survey in the Alsea Basin 

area (Corliss and Dyrness, 1961 and 1965), eight understory plant 

communities were mapped in association with Douglas -fir. These 

plant communities are as follows: 

1) The Holodiscus discolor - Gaultheria Shallon (ocean spray - 

salai) plant community (Figure 2) appears on the most xeric sites, 

which occur at lower elevations on south and south -west slopes. 

The associated timber stands are mature Pseudotsuga menzie- 

sii and small amounts of Acer macrophyllum. The Holodiscus 

discoîo - Gaultheria , Shallon plant community differs from the 

, 



Figure 2. Holodiscus discolor - Gaultheria Shallon 
(ocean spray - salai) community occurring 
south -west of Alsea. Holodiscus dis- 
color, Gaultheria Shallon, and Pteridium 
aquilinum dominate the understory. 
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Gaultheria Shallon and Acer circinatum- Gaultheria Shallon communi- 

ties, whose descriptions follow, by containing smaller amounts of 

Tsuga heterophylla than these latter. 

The shrub layer is characterized by a heavy cover of Holodiscus 

discolor and Gaultheria Shallon with some Berberis nervosa Pursh, 

and Corylus cornuta Marsh. var. californica (A. DC. ) Sharp. 

The most characteristic species to be found in the herb layer 

are Pteridium aquilinum, Polystichum munitum, and Achlys triphylla 

(Sm. ) DC. The total cover of herbs in this community is low but it 

has a larger number of herb species than do the other plant communi- 

ties. 

2) The Gaultheria Shallon (salai) plant community (Figure 3) 

occupies the highest elevations and ridge tops, indicating fairly dry 

conditions and a low site index for Douglas -fir. 

The associated timber stand is composed of fairly young 

Pseudotsuga menziesii with smaller amounts of Tsuga heterophylla. 

The understory is dominated by Gaultheria Shallon, which 

generally reaches three to four feet in height, but Rhododendron 

macrophyllum D. Don. and Vaccinium parvifolium Sm. are also 

common shrubs. 

The characteristic species in the herb layer is Pteridium 

aquilinum. In open stands the cover of Pteridium aquilinum increases 

markedly resulting in conversion to a Pteridium aquilinum- Gaultheria 



Figure 3. Gaultheria Shallon (salai) community 
on Grass Mountain. A heavy growth 
of Gaultheria Shallon, Rhododendron 
macrophyllum, and Pteridium 
aquilinum dominates the understory. 
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Shallon community, which will not be discussed in this thesis. 

3) The Acer circinatum - Gaultheria Shallon (vine maple - salal) 

plant community (Figure 4) is frequently found on the steep south 

slopes, above the Acer circinatum - Polystichum munitum area. 

The associated timber stand is immature, even -aged Pseudo - 

tsuga menziesii. In addition, Tsuga heterophylla is present. 

The understory is characterized by large amounts of the shrubs 

Acer circinatum and Gaultheria Shallon. 

Polystichum munitum and Pteridium aquilinum are the most 

common species in the herb layer. 

The Acer circinatum -Gaultheria Shallon community is fairly 

unstable because it is associated with an immature timber stand and 

because there is a great variation in degree of plant cover. The Acer 

circinatum cover ranges from 3% to 80% and that of Gaultheria Shallon 

from 3% to 75%. The Acer circinatum - Gaultheria Shallon community 

grades into the Acer circinatum - Polystichum munitum community 

and their separation is often very difficult. 

4) The Gaultheria Shallon - Polystichum munitum (salal -sword 

fern) community (Figure 5) is found in a narrow band near the coast, 

indicating a preference for moist and rather cool environmental con- 

ditions. 

The tree layer is dominated by 75- to 100 -year -old Pseudotsuga 

menziesii. The Tsuga heterophylla present is generally in the 



Figure 4. Acer circinatum - Gaultheria Shallon 
(vine maple - salal) community in the 
Taylor Butte area. Acer circinatum 
and Gaultheria Shallon dominate the 
under story. 





Figure 5. Gaultheria Shallon- Polystichum 
munitum (salai -sword fern) 
community in the Risley Creek 
area. This community is 
characterized by a vigorous 
growth of Gaultheria Shallon and 
Polystichum munitum in the 
under story. 
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seedling or sapling stage with very few being found in the overstory. 

The shrub layer is completely dominated by Gaultheria Shallon 

but small amounts of Vaccinium parvifolium are also present. 

Polystichum munitum occupies more than half of the herb layer 

with lesser amounts of Oxalis oregana, Pteridium aquilinum, and 

Bromus vulgaris (Hook. ) Shear. being found. 

Gaultheria Shallon - Polystichum munitum is not considered to 

be a climax community because with increasing moisture it grades 

into a Polystichum munitum community. 

5) The Acer circinatum - Polystichum munitum (vine maple - 

sword fern) community (Figure 6) occupies a greater area in the 

Alsea Basin than does any other community. The areas occupied by 

this community also have one of the highest potentials for timber 

production. 

The timber stand is dominated by 75- to 100 - year -old Pseudo - 

tsuga menziesii with Tsuga heterophylla also occurring. This timber 

stand is similar to that found in the Acer circinatum -Gaultheria 

Shallon community, but Acer macrophyllum also occurs regularly in 

the community now being considered. 

The shrub layer is dominated by Acer circinatum while 

vigorously - growing Polystichum munitum, three to four feet in 

height, occupies the herb layer which also contains small amounts 

of Oxalis oregana and Trillium ovatum Pursh. 



Figure 6. Acer circinatum - Polystichum munitum 
(vine maple-sword fern) community in 
the Camp Creek area. A heavy growth 
of Polystichum munitum and Acer 
circinatum dominates the under story. 
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6) The occurrence of a Polystichum munitum (sword fern) 

community (Figure 7) generally indicates a very productive site for 

timber growth. 

The tree layer is dominated by Pseudotsuga menziesii and 

Tsuga heterophylla. In addition to these, Thuja plicata, Acer macro - 

phyllum, and Alnus rubra also appear in small amounts. 

The shrub layer is often nearly non - existent but small amounts 

of Vaccinium parvifolium can be found. 

The herb layer is dominated by a vigorous growth of three- to 

four - foot -tall Polystichum munitum. Oxalis oregana and Claytonia 

sibirica L. occur in smaller amounts. 

There is strong evidence that the Polystichum munitum is a 

very stable climax community. It occurs in close association with 

the Polystichum munitum -Oxalis oregana, Acer circinatum -Poly- 

stichum munitum, and Rubus spectabilis - Polystichum munitum com- 

munities. 

7) The Rubus spectabilis - Polystichum munitum (salmonberry- 

sword fern) community (Figure 8) occurs in moist, productive sites. 

Alnus rubra is the dominant tree species in the over story. 

Eighty percent or more of the shrub layer is occupied by tall, 

dense growth of Rubus spectabilis. Occasionally Berberis nervosa 

occurs in small quantities. 

Polystichum munitum dominates the herb layer with other 



Figure 7. Polystichum munitum (sword fern) 
community on Grass Mountain. 
Vigorous growth of Polystichum 
munitum dominates the understory. 





Figure 8. Rubus spectabilis - Polystichum munitum 
(salmonberry- sword fern) community in 
the Risley Creek area. A dense growth 
of Rubus spectabilis and Polystichum 
munitum dominates the understory. 
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characteristic species being Claytonia sibirica and Oxalis oregana. 

Because of its close association with Alnus rubra, Rubus 

spectabilis - Polystichum munitum does not appear to be a climax 

community. In a later stage of succession, the amounts of Tsuga 

heterophylla and Picea sitchensis (Bong. ) Carr. increase and the 

amount of Alnus rubra decreases. This results in a conversion to 

the Polystichum munitum community. 

8) The Polystichum munitum- Oxalis oregana (sword fern - 

oxalis) plant community (Figure 9) appears on moister sites than 

does the Polystichum munitum community. It is most often found in 

localized drainages and depressions, indicating a very productive 

site. 

The tree layer is dominated by a fairly dense stand of Tsuga 

heterophylla or Pseudotsuga menziesii. Thuja plicata and Alnus 

rubra are also common in this community. 

The shrub layer is very poorly developed. Tsuga heterophylla 

seedlings are common and Vaccinium parvifolium is also found. In 

addition, Gaultheria Shallon can be found growing on decaying logs 

and stumps. 

The herb layer of Polystichum munitum -Oxalis oregana is 

almost identical to that of the Polystichum munitum community 

except that greater amounts of Oxalis oregana are present, although 

Polystichum munitum still remains the dominant species. 



Figure 9. Polystichum munitum - Oxalis oregana 
(sword fern -oxalis) community in the 
Risley Creek area. Polystichum 
munitum and Oxalis oregana dominate 
the understory. 
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Struthiopteris spicant is also present in small amounts. 

The Polystichum munitum- Oxalis oregana community is 

widely distributed on the study area but the total acreage is low. 
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IV. EXPERIMENTAL PROCEDURES 

This study covered the one -year period beginning in April, 

1966 and ending in April, 1967. The vegetation sampling was 

carried out during July and August of 1966. At this time of the year 

the plants were in the mature stage and generally the mineral content 

of the tissue was at, or close to, a maximum (Scott, 1955; Ovington. 

1955 and 1956; MaagS.i.ck, 1965). The experimental methods will be 

discussed under the two sub- headings: vegetation sampling and 

chemical analysis. 

Vegetation Sampling 

Because of the large area (see Appendices III and IV for a map 

and description of the sample plots) involved it was necessary to use 

a preliminary reconnaissance sampling method in order to locate 

representative sample sites of each plant community. 

Four sites, randomly distributed throughout the study area, 

were selected for each plant community. These sites were undis- 

turbed and lay far enough from roads and logging areas to ensure 

minimum dust contamination. 

Using the preliminary vegetation sampling method (Anderson 

and Poulton, 1958), five or more plots were sampled in each of the 

sites. All of the plant species present were recorded as well as 
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their dominance and cover. Also recorded for each species was an 

estimate of the area that would have to be sampled to obtain 50 grams 

dry weight of plant material. The most representative, or one of the 

most representative, plots was then selected for final sampling by the 

method of quadrats of successively increasing size (Braun - Blanquet, 

1932; Poore, 1955). 

Quadrats of Successively Increasii Size 

The initial size of the quadrat was 1 m. by 1 m. (1 m2. ) (Figure 

10). Firstly, all of the species which occurred in this quadrat, 

called number 1, were listed. The area was then doubled by laying 

out another 1 m. by 1 m. quadrat (number 2) alongside the first and 

adding to the list any species occurring in this quadrat but not in the 

first. The area was then redoubled to obtain quadrat 3 (2 m. by 1 m.) 

and again any new species were added to the list. The doubling was 

continued in this manner until the number of new species added per 

increase of area became small. 

If, while increasing the number of quadrats, the number of new 

species occurring slowly decreased until no more were added, this 

was an indication that the sample area was uniform. The minimum 

size of sample area was obtained when the number of species no 

longer increased or, in other words, when the area was uniform. 

If the number of species continued to increase quickly with each 



4 3 

Figure 10. Quadrats of successively increasing 
size, 
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successive increase in area, the initial estimate of uniformity was 

in error. If the number of species suddenly increased from one 

quadrat to the next, this indicated that the area had passed the limits 

of one community into another (Figure 11). 

If, when the above analysis was carried out, the area was found 

to be uniform, all the vegetation occurring above ground level on 

quadrat number 1 was clipped. 

Approximately 50 grams of dry sample were needed to obtain 

an average sample for chemical analysis (Scott, 1955). If an esti- 

mated 50 grams or more of a plant species could be collected from 

quadrat number 1 no further collection was necessary for this species. 

When, however, less than 50 grams were available in the first 

quadrat, it was necessary to collect this species from the second 

quadrat and from successive quadrats until a minimum of 50 grams 

had been collected. 

All of the herbaceous plants were separated by species while 

shrubs were first separated by species and then, for each species, 

by leaves or needles and woody parts. All of the species which 

were present in trace amounts in the same layer of a community 

were combined to form a composite sample (see Appendix II for a 

complete list of species contained in the composite samples). The 

samples were placed in sample bags and weighed quickly on a triple 

beam balance to obtain the green weight without moisture loss. 



Iri 
non -uniform area 

past the limits of community 
uniform area 

1 

Figure IL Criteria for uniform area in vegetation sampling 
using the method of quadrats of successively 
increasing size. 

m, 
2 
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Chemical Analysis 

All of the samples collected were placed in an air - circulating 

oven in the laboratory and dried at 70°C. for 48 hours. Heavy woody 

materials were dried for 96 hours. 

Samples were next weighed and ground in a Wiley Mill to pass 

through a 20 -mesh screen. They were then stored in 3 3/8 inch by 

6 inch manila oven -end envelopes until needed for analysis. 

Before the samples were weighed for chemical analysis, the 

ground plant materials were re -dried in an air- circulating oven at 

70°C. for at least four hours. They were then stored under desiccant 

conditions until the time of weighing. 

Nitrogen 

The micro -Kjeldahl procedure (Jackson, 1958; Sher, 1955; 

ARS Laboratory, 1964) employing a selenium catalyst and using a 

0.5 gram sample was used in the chemical analysis for nitrogen. 

The resulting ammonia was distilled into a 4% boric acid solution. 

The general procedure for the chemical analysis of other 

elements was as follows. 

One gram of sample was weighed into a 125 ml. Erlenmeyer 

flask, ten ml. of concentrated nitric acid were added to each flask, 

and the solution was allowed to stand overnight. The flasks were 
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then slowly heated until brown NO2 fumes came off and foaming 

stopped. The flasks were removed from the hotplate, cooled, and 

six ml. of 70% perchloric acid were added. The samples were 

returned to the hotplate and digested for five to ten minutes after 

the dense, white fumes had come off and the sample solution had 

become colorless. The flasks were removed from the hotplate, 

cooled, and then approximately 20 ml. of doubly -distilled water were 

added. The resulting solution was immediately filtered through a 

Whatman No. 5, 11 cm. filter paper into a 100 ml. volumetric flask 

which was then made up to volume. Aliquots of this stock solution 

were used for further chemical analysis. (Steyn, 1959; Johnson and 

Ulrich, 1959; Jackson, 1958; ARS Laboratory, 1964). 

Phosphorus 

Phosphorus was determined using the vanadomolybdo- 

phosphoric (yellow -complex) procedure employing a ten ml. sample 

aliquot (1/500 dilution). The readings were obtained on a Bausch 

and Lomb Spectronic 20 at a wavelength of 420 mr.. (Jackson, 1958. ) 

Potassium 

Potassium was determined on the Beckman DU Flame 

Photometer at a wavelength of 766 nil using ten ml. of the sample 

solution (1/1000 dilution). At the same time potassium standards 



48 

were run over the concentration range 0 to 100 p. p. m. in order to 

obtain the standard curve needed for the calculations. (Brown and 

Omund Lilleland, 1946; Brown, Omund Lilleland, and Jackson, 1948; 

ARS Laboratory, 1964. ) 

Calcium and Magnesium 

Calcium and magnesium were determined on the Perkin -Elmer 

Atomic Absorption Spectrophotometer Model 303 at a wavelength of 

211.5 mµ, for calcium and 285. 4 mN, for magnesium. Using the 

standard digestion solutions, dilutions of 1/5000 were prepared. It 

was necessary to add 15, 000 p. p. m. strontium chloride (SrC12) to 

the diluted solution in order to retain calcium and magnesium in the 

ionic form required for the analysis. Calcium and magnesium 

standards were run with the samples. (ARS Laboratory, 1964; 

Perkin -Elmer, 1966. ) 

Manganese 

Manganese was determined on the Perkin -Elmer Atomic 

Absorption Spectrophotometer Model 303 at a wavelength of 280 m1_;.. 

The digestion solution (1 /100 dilution) was used directly and working 

standards were run with the samples. (ARS Laboratory, 1964; 

Perkin -Elmer, 1966. 
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One blank and one reference sample were run after each 

group of 23 samples to check for any possible contamination and also 

to check the reproducibility. In addition, every tenth sample was 

re -run to check the reproducibility of the results obtained from the 

samples themselves. 
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V. RESULTS AND DISCUSSION 

The forest ecosystem is characterized by mass seasonal 

transfer of organic matter, water, and chemical elements. There 

is a delicate and dynamic relationship between the organisms and 

elements of their physical environment, such as the forest floor and 

soil. This relationship is at, or close to, equilibrium depending on 

the maturity of the community. 

The understory is only one component of the forest ecosystem 

but, because all of the components are closely interrelated in such 

a system, the understory displays the characteristics of the whole 

Cajaxider, 5). Its organic matter production and mineral com- 

position are characteristic of the whole ecosystem and its stability 

is determined by the maturity of the community. 

The research summarized in this thesis used this hypothesis 

to analyze the relationships of and interactions between these com- 

ponents of the ecosystem. The eight plant communities' considered 

were: 

Acer circinatum-Gaultheria Shallon 

Acer cirdinátum-Polystichum muriitum 

(A-G) 

(A-P) 

rauithe Shallon (G) 

1 The bracketed letter 
these communities. 

ribols are used in the text to designate 
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Gaultheria Shallon- Polystichum munitum (G- P) 

Holodiscus discolor -Gaultheria Shallon (H -G) 

Polystichum munitum (P) 

Polystichum munitum-Oxalis ore gana (P -O) 

Rubus spectabilis - Polystichum munitum (R -P) 

Organic Matter Production 

There was a significant difference in the dry organic matter 

production of the eight plant communities (Figure 12 and Appendix 

V: Table 1). The greatest amount of organic matter was produced 

by the A -P community (26. 43 x 103 kg. /ha. ) and the lowest by the 

P -O community (3.08 x 103 kg. /ha. ). 

The variation in organic matter production between plots within 

a plant community was greatest in the A -P community, where the 

total dry organic matter production was 10. 77 x 103 to 43. 60 x 103 

kg. /ha. The variation in the R -P community, the next greatest, 

was found to be from 3. 36 x 103 to 20. 22 x 103 kg. /ha. The two 

remaining plots of this latter community, however, were near the 

average of 10. 47 x 103 kg. /ha. dry weight. There was less variation 

in the A -G community, where the range was from 15. 14 x 103 to 

24. 09 x 103 kg. /ha. dry weight. The greatest variation in these 

communities occurred in the shrub layer, due to the uneven cover 

of Rubus spectabilis in the R -P community and of Acer circinatum 
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Figure 12. Distribution of total organic matter (103 kg. /ha. 
dry weight) in the under story vegetation of the 
eight plant communities (listed in order of 
increasing effective moisture). 
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in the A -P and A -G communities. 

In a relatively stable, mature (climax) community the weight 

of organic matter is presumably fairly constant (Ovington, 1955). 

The most unstable communities were the A -P, A -G, and R -P com- 

munities and thus the total amount of organic matter they produced 

varied greatly as has been described. 

However, samples collected from the same area were ob- 

served to be very similar in dry weight. For example, two samples 

were collected in a P -O community in the Taylor Butte area at ele- 

vations of 1400 and 1450 feet. The total amounts of dry organic 

matter obtained were 4. 02 x 103 and 4. 12 x 103 kg. /ha. respectively. 

The remaining two samples from this community, but this time at an 

elevation of 1840 feet in the Risley Creek area, contained 0.64 x 103 

and 0.76 x 103 kg. /ha. of dry organic matter. Similar results were 

obtained for two P communities in the Grass Mountain area (6. 52 x 

103 and 6. 06 x 103 kg. /ha. dry weight) and for three G -P communi- 

ties in the Risley Creek area (6.94 x 103, 6. 47 x 103, and 7. 50 x 103 

kg. /ha. dry weight). 

This would tend to emphasize that, in communities which are 

at, or close to, the climax stage, the organic matter production may 

vary between areas but it is relatively constant within ari area. This 

effect was also noted by Scott (1955). 

The variation in organic matter production by different layers 



54 

was significant. The greatest amount of organic matter produced 

by the shrub layer occurred in the A -P community (23. 72 x 103 kg. / 

ha. dry weight). The next two highest communities, the A -G and 

H -G communities, showed almost identical production, being 20. 44 

x 103 and 20. 74 x 103 kg. /ha. dry weight respectively. In the A -P 

and A -G communities this high amount of organic matter was mainly 

the result of the contribution of Acer circinatum. The total amount 

of organic matter produced in the shrub layer was lowest in the P 

community, where the dry weight was 0.05 x 103 kg. /ha. 

The total amount of organic matter produced by the herb layer 

was highest in the P community (6. 091 x 103 kg. /ha. ), where Poly - 

stichum munitum contributed 5. 80 x 103 kg. /ha. of the dry weight. 

The lowest amounts were found in the G, A -G, and H -G communities, 

where a heavy shrub layer dominated the understory and only a small 

amount of herbs was present. 

The highest amount of organic matter produced by the moss 

layer occurred in the G -P community (0. 61 x 103 kg. /ha. dry weight) 

while in the P community no moss layer was present. 

The main limiting factor in organic matter production is light 

(Tatum, 1953; Ovington and Madgwick, 1955; Ovington, 1955). The 

relationship between organic matter production and percentage crown 

cover, which determines the light intensity at ground level, was found 

to be a negative regression, as also indicated by Pase and Hurd (1957), 
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and is illustrated by Figure 13 (see Appendix VII). 

The total amount of water contained in the understory is given 

in Table 3. 

There was great variation in the water content of the various 

species. The highest total water content was found in the A -G com- 

munity (28.95 x 10 kg. /ha. ) and the lowest in the P -O community 

(5. 14 x 103 kg. /ha.). 

There was no correlation found between the effective moisture 

of the site and the amount of water contained in the understory. How- 

ever, the water content of understory vegetation was related to or- 

ganic matter production and this relationship is shown in Figure 14. 

The dry weight percentage was calculated as follows: 

dry weight (kg. /ha. ) 
% dry weight - weight (kg. /ha.) x 100% 

The greatest dry weight percentage was found for the H -G 

community (64. 1 %) and the lowest for the P community (29.0 %). 

There may be a correlation between the effective moisture content 

of the site and the dry weight percentage obtained for the community 

as indicated by Table 4. 

Generally speaking, the total dry weight percentages of the 

plant communities decrease with increasing effective moisture. An 

exception is the P community. Here the shrub layer is almost non- 

existent and the major contributor to the total organic matter produc- 

tion is Polystichum munitum. Thus, since the herb layer is low in 
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Figure 13. Amount of dry organic matter contributed by 

the understory vegetation, expressed as 
103 kg. /ha., plotted against crown cover as 
a percent. 
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Figure 14. The relationship between the total content of 
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Table 3. Water content of understory vegetation in the eight plant communities. 

Water content, 103 kg. /ha. 
Layer H -G G A -G G -P A -P P R -P P -O 

Shrub 10.92 10.39 28.37 6.56 16.49 0.07 10.56 1.68 

Herb 1.07 0.41 0.50 8.21 5.44 14.93 5.25 3.32 

Moss 0.19 0.04 0.08 0.78 0.02 - -- 0.35 0. 14 

Total 12.18 10.84 28.95 15.55 21.95 15.00 16. 16 5. 14 

Table 4. Dry weight percentages determined for understory vegetation of eight plant communities, 
listed in order of increasing effective moisture. 

- - -- Increasing effective moisture - 
Dry weight percentage 

- - - 
Layer H -G G A -G G -P A -P R-P P-O 

Shrub 65.5 46.2 41.8 47.0 58.9 46.6 45.6 47. 3 

Herb 31.1 28.0 35.8 20.0 32.7 28.9 20. 8 30. 1 

Moss 72.0 88.8 83.3 43.8 75.0 39. 6 50.0 

"Total 64.1 46.5 42.1 35.3 54. 6 29.0 39.3 37,4 

P 

J 
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dry weight percentage, the total dry weight percentage is correspond- 

ingly low. 

The dry weight percentage of the moss layer was generally 

observed to be high because, at this time of the year (July and August), 

mosses are in the dry stage and so contain only small amounts of 

water. 

Nitr ogen 

There was a significant variation in total nitrogen content of the 

understory plant communities (Figure 15 and Appendix V: Table 2). 

The highest total nitrogen, found in the R -P community, was 155. 32 

kg. /ha. This high nitrogen value is reflected in the high nitrogen 

content of the forest floor (Youngberg, 1966). The lowest total 

nitrogen content occurred in the P -O community and was found to 

be 29. 67 kg. /ha, 

Considering the various layers, the shrub layer was found to 

contain the highest amounts of nitrogen, with the following exceptions: 

(1) the P community, in which the shrub layer was almost non- 

existent, and (2) the P -O community. 

In the A -G and A -P communities, Acer circinatum contributed 

the highest amounts of nitrogen. It was found that, for this shrub, 

woody materials in the A -G (45.48 kg. /ha. ) and A -P (73. 03 kg. /ha. ) 

communities had higher nitrogen content than did leafy materials 



Figure 15. Distribution of total nitrogen (kg. /ha. dry 
weight) in the under story vegetation of 
the eight plant communities. 
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(29, 48 and 16. 56 kg. /ha. , respectively). Similarly Holodiscus 

discolor, Corylus cornuta, Cornus Nuttallii Aud. , Vaccinium parvi- 

folium, and Castanopsis chrysophylla (Dougl. ) A. DC. were found to 

contain higher amounts of nitrogen in the woody material. On the 

other hand, the leafy material of Gaultheria Shallon and Rubus spec - 

abilis contained more nitrogen than did the woody material of these 

shrubs. 

Rubus spectabilis, as it occurred in the R-P community, was 

found to contain the highest amount of nitrogen in this layer, having 

69. 58 kg. /ha. nitrogen in the leafy material and 51. 64 kg. /ha. in the 

woody material. 

The herb layer contained smaller amounts of nitrogen than did 

the shrub layer with the highest amount occurring, as expected, in 

the P community, where Polystichum munitum contributed 87. 85 

kg. /ha. nitrogen. This species played a very important role in most 

of the communities and was the major contributor of nitrogen in this 

layer. Only in the H -G community did Pteridium aquilinum contribute 

more nitrogen than did Polystichum munitum. 

Although the nitrogen content of the herb layer was lower than 

that of the shrub layer, herbs play as important a part in the nitrogen 

cycle as do the shrubs. In some communities their importance may 

be even greater than that of the shrubs because of the amount of nitro- 

gen they return to the forest floor at the end of the growing season. 
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The moss layer contained the smallest amount of nitrogen with 

the highest amount (6. 85 kg. /ha. nitrogen) found in the H -G commu- 

nity and the lowest in the A-P community (0.76 kg. /ha. ) 

There was a negative regression between the percentage crown 

cover and total nitrogen contained in the understory vegetation (Figure 

16 and Appendix VII). The only exception to this was the R -P commu- 

nity where, due to the presence of Alnus rubra, a greater amount of 

nitrogen was found in the vegetation. 

Phosphorus 

The total phosphorus content of the different understory plant 

communities did not vary greatly (Figure 17 and Appendix V: Table 3) 

with the highest amount of phosphorus being found in the A -P commu- 

nity (25. 73 kg. /ha. ) and the lowest in the P -O community (4.78 kg./ha.), 

The shrub layer contained the highest amount of phosphorus of 

all the layers, again with the exception of the P community, for which 

the shrub layer was almost non - existent, and of the G -P and P -O 

communities. Acer circinatum, found to be highest of all shrub 

species in phosphorus content, contained higher amounts in the woody 

material than in the leafy material. 

In the herb layer, Polystichum munitum was the highest in phos- 

phorus content, being 11.11 kg. /ha. in the P community. As was ob- 

served for nitrogen, the only exception occurred in the H -G commu- 

nity, where Pteridium a_9uilinum contained higher amounts of phos- 

phorus than did Polystichum munitum. 
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Figure 16. Amount of total nitrogen (kg. /ha. dry weight) 
found in the under story vegetation plotted 
against crown cover (percent). 
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The highest amount of total phosphorus in the moss layer was 

1.17 kg. /ha. in the G -P community. In the other communities the 

amounts of phosphorus were found to be less than 1 kg. /ha. 

Potas sium 

There is a significant variation in the potassium content of the 

eight plant communities (Figure 18 and Appendix V: Table 4). The 

highest amount of potassium was found in the A -P community (161. 15 

kg. /ha. ) and the lowest in the P -O community (34. 67 kg. /ha. ). 

The highest amounts of potassium were found in the shrub layer, 

again with the exceptions of the P, P -O, and G -P communities. Gaul - 

theria Shallon, which contributed high amounts of potassium to the 

H -G, A -G, G -P, and G communities, contained higher amounts of 

this element in its leaf material than in its wood material. The oppo- 

site was found for Acer circinatum, which contained higher amounts 

in its woody material than in its leafy material. This latter species 

contributed more potassium than did any other species occurring in 

the three layers and contributed over half (99.31 kg. /ha. ) of the total 

potassium content of the A -P community, which was already shown to 

be the community with the highest total potassium content. 

In the herb layer, the P community was highest in potassium, 

having 92. 61 kg. /ha. In this layer, Polystichum munitum contained 

the highest amounts of potassium in each community, but again with 

the exception of the H -G community, where Pteridium a9uilinum was 

found to be higher. Oxalis oregana was also found to contain high 



Figure 18. Distribution of total potassium (kg. /ha. 
dry weight) in the under story vegetation 
of the eight plant communities. 
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amounts of potassium. 

In the moss layer, the G -P community contained the most 

potassium (3. 32 kg. /ha. ) and the least was found in the A -P commu- 

nity (O. 44 kg. /ha. ). 

The relationship between the percentage crown cover and total 

amount of potassium contained in the under story vegetation was 

analyzed and no correlation was found between these two variables. 

Calcium 

The total calcium content of the plant communities was found to 

vary widely (Figure 19 and Appendix V: Table 5). The highest amount, 

found in the A -P community, was 246. 06 kg. /ha. and the lowest, in 

the P-0 community, was 12. 84 kg. /ha. 

This variation was greatest in the shrub layer, where the 

highest calcium content was 234. 69 kg. /ha. in the A -P community 

and the lowest was 0.31 kg. /ha. in the P community. Acer circina- 

turn, which occurred in the A -G and A -P communities, was found to 

contain very large amounts of calcium and, as before, the woody 

material contained more than did the leafy material. The contribu- 

tion of this species is very well illustrated by considering the A -P 

community. Here the wood contained 217. 12 kg. /ha. calcium and 

the leaves contained 8, 79. kg. /ha. The total calcium content of this 

species (225.91 kg. /ha ) accounts for over 90% of the total calcium 



Figure 19. Distribution of total calcium (kg. /ha. 
dry weight) in the under story vegetation 
of the eight plant communities. 
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content of this community. Gaultheria Shallon was also found to be 

high in calcium, but again the leafy material contained more than did 

the woody material. 

There is also wide variation in the calcium content of the herb 

layer. The P community had the highest calcium content (23. 77 kg. / 

ha. ) with Polystichum munitum contributing 22.19 kg. /ha. This 

species was the major contributor of calcium in the herb layer and 

only in the H -G community was it exceeded by Pteridium aquilinum 

and Composite 20 -12. 

Little variation of calcium content was noted in the moss layer 

and the amount of calcium contained in this layer was small compared 

to that in other layers. 

The correlation between percentage crown cover and total 

calcium content of the understory vegetation was analyzed and a 

negative regression was found between these two variables (Figure 

20 and Appendix VII). 

Magnesium 

The variation of total magnesium content in the under story 

communities was fairly high (Figure 21 and Appendix V: Table 6). 

The highest content was found in the A -P community (45.28 kg. /ha. 

and the lowest in the P -G community (5. 86 kg. /ha, ). 

) 
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Figure 20. Amount of total calcium (kg. /ha. dry weight) 
found in the understory vegetation plotted 
against crown cover (percent). 
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Figure 21, Distribution of total magnesium (kg. /ha. dry 
weight) in the understory vegetation of the 
eight plant communities. 

Figure 22. Distribution of total manganese (kg. /ha. dry 
weight) in the understory vegetation of the 
eight plant communities. 
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The shrub layer contained the highest amount of magnesium 

found in all except the P and P -O communities, for which the herb 

layer was higher. Acer circinatum, Rubus spectabilis, and Gaultheria 

Shallon were found to contribute higher amounts of magnesium than 

other shrub species with Acer circinatum contributing 80% of the total 

magnesium content of the A-P community. 

The highest amount of magnesium contained in the herb layer 

was the 15. 42 kg. /ha. contained by Polystichum munitum in the P 

community. This amount constituted 95% of the total magnesium con- 

tent of this community. The P community contained the highest 

amount of total magnesium in the herb layer, being 16.24 kg. /ha. 

while the lowest amount, found in the G community, was 0.23 kg. /ha. 

The magnesium content of the moss layer was much smaller 

than that of the other two layers. The highest, found in the H -G 

community, was 1.26 kg. /ha. and the lowest, found in the A -P 

community, was 0. 15 kg. /ha. 

Mangane se 

Considering that manganese is a trace element, the total amount 

contained in the understory vegetation was high. The variation, 

however, was not great (Figure 22 and Appendix V: Table 7). The 

highest amount of total manganese, found in the A -G community, was 

13.22 kg. /ha. and the lowest, in the P community, was 0.98 kg. /ha. 
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The manganese content of the shrub layer was much greater 

than that of the other two layers with the exception of the P commu- 

nity, for which the herb layer was higher. Omitting the P community, 

the shrub layer contributed an average of 88% of the total manganese 

content. The highest amount was found in Gaultheria Shallon, where 

the leafy material contained significantly higher amounts of manganese 

than the woody material. Rubus spectabilis, showing the same man- 

ganese distribution, was also slightly high. On the other hand, Acer 

circinatum was similarly found to be high in manganese but the woody 

material contained higher amounts than did the leafy material. 

The total manganese content of the herb layer was generally 

low in all communities with the highest amount, found in the P com- 

munity, being 0.85 kg. /ha. and the lowest amount, in the G commu- 

nity, being O. 02 kg. /ha. 

The moss layer contained slightly higher amounts of manganese 

than did the herb layer. The highest amount was found in the H -G 

community, where Hypnum species were the only contributors, and 

was 1.01 kg. /ha. 

The correlation between total manganese content of the under - 

story communities and percentage crown cover was found to be 

significant (Figure 23 and Appendix VII). This may be because the 

presence of manganese is important in photosynthesis and, with 

greater light intensity (lower crown cover), the organic matter 
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Figure 23. Amount of total manganese (kg. /ha. dry 
weight) found in the understory vegetation 
plotted against crown cover (percent). 
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production is higher. Thus more manganese is required in this 

case than on a site with a higher crown cover, and correspondingly, 

lower organic matter production. 

Nutrient Concentration 

The nutrient composition of plants from each community was, 

to some extent, characteristic (see Appendix VI: Tables 1 -6) as was 

also noted by Gerloff, Moore, and Curtis (1964, 1966). 

Vegetation collected from the R -P community was generally 

characterized by a high nitrogen concentration due to the presence 

of Alnus rubra in the tree layer. The A -P community was the second 

highest in nitrogen content and, as is known, this community is one 

of the most productive for timber growth. 

The H -G community was generally characterized by fairly high 

amounts of calcium. This community occurs mainly on the Digger 

and Honeygrove soil series and, at a depth of zero to six inches, 

calcium accounts for 57% of the C. E. C. for these soils (Corliss 

and Dyrness, 1961). On the other hand, low manganese concentration 

was characteristic of the H -G community, probably due to the slightly 

higher amount of calcium present in these soils. 

The mineral concentration of the herb layer is higher than that 

of the shrub layer, as also indicated by Madgwick (1965) and Scott 

(1955), with the exception of manganese, which was found in higher 
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concentrations in the shrub layer. This is probably because the 

manganese in these soils is more available in the lower horizons due 

to decreasing pH. Thus, shrubs, with their deeper root penetration, 

were able to absorb higher amounts of manganese from the subsoil. 

The mineral concentration of leafy material in the shrub sam- 

ples was higher than that of woody materials except for calcium 

which, in some cases, was found to be higher in the wood. This was 

also noted by Orman and Will (1960). 

Some species absorb higher amounts of mineral elements than 

do others. Leaf material of Rubus spectabilis was found to be highest 

in nitrogen and averaged 2.48% for the four samples collected in the 

R -P community. Hypnum species were found to have approximately 

the same range as Tamm (1953) observed for Hylocomium splendens. 

The range for Hypnum was 0. 82% to 1.30% nitrogen. 

Potassium concentration was highest in Trillium ovatum, being 

5,56% potassium in the A -G community and 5. 16% in the A -P com- 

munity. Composite 11 -5 was also found to be high in potassium 

because of the presence of a greater percentage of Trillium ovatum 

in this sample than occurred in other composite samples. 

Calcium was found in higher than normal concentrations in the 

leaf material of Vaccinium parvifolium, ranging from 0.88% to 

1.23% calcium. Galium species and Trillium ovatum also were 

slightly higher in calcium than the average. 
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The manganese concentration was highest in leaf material of 

Vaccinium parvifolium and varied from 1631 p. p. m. to 4100 p. p. m. 

Gaultheria Shallon leaf samples were also high in manganese and 

ranged from 920 p. p. m. to 4220 p. p. m. Thus, unlike other elements, 

manganese was generally found in lower concentrations in herbs than 

in shrubs. The manganese concentration in Hypnum species was also 

slightly high, varying from 393 p. p, m. to 1222 p. p. m. manganese. 

The correlation between mineral concentration in plants and 

their crown cover is shown in Figure 24. Polystichum munitum is 

used because it is the only plant species present in all communities. 

The percentages of nitrogen and potassium in this species tended to 

increase slightly with increasing crown cover. This may be due to 

rainwater leaching of these elements from the tree crowns (Tamm, 

1950 and 1951; Ovington, 1956; Will, 1959). 
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Figure 24. Concentration of (a) potassium and (h 

in Polystichum munitum, expressed a 

centage of the dry weight, plotted aga .r, 
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VI. CONCLUSIONS 

The organic matter production and mineral composition were 

determined for the understory vegetation of eight plant communities 

in a Douglas -fir ecosystem and certain features were noted. 

The total organic matter production varied greatly between 

communities. A large variation was observed between the organic 

matter production of the four sample sites selected within an unstable 

community. The four sample sites comprising a stable community 

tended to show little variation in their individual organic matter 

productions and no significant variation was found for sites located 

within a limited area. 

The major portion of the organic matter within a community 

was contributed by the shrub layer with the exception of the P com- 

munity, where the shrubs were almost non - existent and the herbs 

were abundant and so a more important source. 

Considering the species within the shrub layer, the woody 

parts were found to contribute more organic matter than the leafy 

parts. The wood of Acer circinatum and Caultheria Shallon was 

found to contribute the highest amounts of organic matter of all 

species in all layers, These two species contributed the major 

portion of the organic matter determined for the communities in 

which they occurred. 
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The variation in total mineral content of the understory vegeta- 

tion was similar to that of the total organic matter production. 

The total mineral content was found to be somewhat character- 

istic of the community as the following example shows. The R -P 

community was found to have the highest total nitrogen content and 

also contained the species with the greatest nitrogen concentration, 

considering all eight communities. In this community the greatest 

amount of nitrogen was contributed by Rubus spectabilis, whose leafy 

materials contained 2. 48 %, or 69. 58 kg. ¡ha. , nitrogen and whose 

woody parts contained 0.94 %, or 51. 64 kg. /ha. Thus the total 

nitrogen contributed by this species accounts for 77% of the total 

nitrogen contained in the community. The forest floor in this plant 

community was also found to be highest of all the communities in 

nitrogen content (Youngberg, 1966). 

In the shrub layer the mineral concentration in leafy material 

was found to be higher than that in woody material. However, herb 

species contained considerably higher concentrations of mineral 

elements than did shrubs with the exception of manganese, for which 

shrubs were found to be higher. In addition, it was found that some 

species were able to selectively uptake certain elements and so con- 

tained higher concentrations of them than did other species. For 

example: Rubus spectabilis was high in nitrogen, Trillium ovatum 

was highest in potassium and calcium, Vaccinium parvifolium (leaf 
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material) was high in calcium and manganese, and Gaultheria 

Shallon was highest in manganese. 

A certain correlation was noted between various factors, which 

appeared to be limiting factors for organic matter production and 

mineral content of the understory vegetation. Further analysis is 

required, however, to determine their exact relationships and inter- 

actions. 

Stability of the community seemed to be the main factor to be 

considered in determining the number of sites to be sampled in the 

vegetation sampling. Because of the great variation in organic matter 

production and mineral content within an unstable community, more 

samples are probably required to obtain representative results for 

these communities. 

Understory vegetation plays an important role in the forest 

ecosystem, as has been shown in this research, and no study of the 

ecosystem would be complete without consideration of it. 
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APPENDIX I 

Plant Names 

Scientific name Common name 

Trees 

1) Coniferous Species 

Picea sitchensis (Bong. ) Carr. Sitka spruce 

Pseudotsuga menziesii (Mirb. ) 

Franco. Douglas -fir 

Thuja plicata Donn. Western redcedar 

Tsuga heterophylla (Raf. ) Sarg. Western hemlock 

2) Hardwood Species 

Acer macrophyllum Pursh. Bigleaf maple 

Alnus rubra Bong. Red alder 

Castanopsis chrysophylla Giant chinquapin 
(Dough) A. DC. (Golden chinkapin) 

Cornus Nuttallii Aud, Pacific dogwood 
(Common dogwood) 

Rhamnus Purshiana DC. Cascara buckthorn 

Shrubs 

Acer circinatum Pursh. 

Berberis nervosa Pursh. 

Castanopsis chrysophylla 
(Dougl. ) A. DC. 
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Vine maple 

Mountain Oregon grape 

Giant chinquapin 
(Golden chinkapin) 



Herbs 

APPENDIX I (cont. ) 

Scientific name 

Cornus Nuttallii Aud. 

Corylus cornuta Marsh. var. 
californica (A. DC. ) Sharp. 

Common name 

Pacific dogwood 
(Common dogwood) 

Western hazel 

Gaultheria Shallon Pursh. Salai 

Holodiscus discolor (Pursh. ) 

Maxim. Ocean spray 

Rhamnus Purshiana DC. Cascara buckthorn 

Rhododendron macrophyllum 
D. Don. Rhododendron 

Rosa gymnocarpa Nutt. Wood rose (Wild rose) 

Rubus pedatus Smith. Trailing raspberry 

Rubus spectabilis Pursh. Salmonberry 

Symphoricarpos albus (L. ) Blake. Snowberry 

Tsuga heterophylla (Raf. ) Sarg. Western hemlock 

Vaccinium parvifolium Sm. Red huckleberry 

Achlys triphylla (Sm. ) DC. 

Adenocaulon bicolor Hook. 

Bromus vulgaris (Hook.) Shear. 

Campanula spp. 

Vanilla -leaf 

Pathfinde r 

Bronzegrass 

Blue -bell 
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APPENDIX I (cont. ) 

Scientific name Common name 
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Carex spp. Sedge 

Claytonia sibirica L. Siberian miner's lettuce 

Dicentra formosa (Andr. ) DC. Bleeding heart 

Galium spp. Bedstraw 

Graminae spp. Grass 

Iris tenax Dougl. Purple iris or flag 
(Oregon iris) 

Luzula spp. Wood -rush 

Maianthemum bifolium DC. var. Wild lily -of- the - valley 
kamtschaticum (Gmel. ) Jepson. 

Melica bulbosa Geyer. ex Port. 
and Coult. 

Osmorhiza nuda Torr. 

Oxalis oregana Nutt. 

Oniongrass 

Sweet Cicely 

Wood sorrel 
(Oregon oxalis) 

Polystichum munitum (Kaulf. ) 

Presl. Sword fern 

Pteridium aquilinum (L. ) Kuhn, 
var. pubescens Underw. Bracken fern 

Smilacina sessilifolia Nutt. Small false Solomon's 
seal 

Streptopus amplexifolius (L. ) DC. Twisted -stalk 

Struthiopteris spicant (L. ) Weis. Deer fern 



APPENDIX I (cont. ) 

Scientific name Common name 

Trientalis europaea L. var. 
latifolia Torr. Star flower 

Trillium ovatum Pursh. Wood lily 
(Western trillium) 

Vancouveria hexandra (Hook. ) 

Morr. and Dec. 

Veratrum caudatum Heller. 

Viola glabella Nutt. 

Viola sempervirens Greene. 

Mosses 

Dicranum spp. 

Hypnum spp. 

Mnium spp. 

Inside -out flower 

Tailed false hellebore 

Wood violet 

Evergreen violet 

92 



93 

APPENDIX II 

Species List for Composite Samples 

Composite 1-9 

Achlys triphylla 
Galium spp. 
Graminae spp. 
Smilacina sessilifolia 
Triental.is europaea. var. latifolia 
irillium ovatum 
Vr:Y;CouV"ria nex.a.n.-lra 
Viola gla.bella 

Composite 2 -13 

Adenocaulon bicolor 
Melica bulbosa 
Smilacina sessilifolia 
Trientalis europaea var. latifolia 
Veratrum caudatum 

Composite 3 -6 

Graminae spp. 
Osmorhiza nuda 
Trillium ovatum 

Composite 7 -7 

Polystichum munitum 
Pteridium aquilinum var. pubescens 
Struthiopteris spicant 
Trillium ovatum 

Composite 8 -7 

Rhamnus Pur shiana 
Rubus pedatus 
Vaccinium parvifolium 
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APPENDIX II (cont. ) 

Composite 11 -5 

Dicentra formosa 
Galium spp. 
Trillium ovatum 

Composite 13 -4 

Dicentra formosa 
M.aianthernum bifolium var. kamtschaticum 
Streptopus amplexifolius 
Trillium ovatum 

Composite 14 -8 

Dicentra formosa 
Galium spp. 
Streptopus amplexifolius 
Trillium iliiut7- ovatum 

Composite 15 -7 

Hypnum spp. 
Mnium spp. 

Composite 15 -10 

Claytonia sibirica 
Galium spp. 
Osmorhiza nuda 
Streptopus amplexifolius 
Trillium ovatum 

Composite 16 -11 

Campanula spp. 
Galium spp. 
Osmorhiza nuda 
Trientalis europaea var. latifolia 
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APPENDIX II (cont. ) 

Composite 17 -9 

Campanula spp. 
Galium spp. 
Maianthemum bifolium var. kamtschaticum 
Smilacina se s s ilifolia 
Trientalis europaea var. latifolia 
Viola sempervirens 

Composite 18 -3 

Bromus vulgaris 
Claytonia sibirica 
Maianthemum bifolium var. kamtschaticum 
Osmorhiza nuda 
Smilacina sessilifolia 
Streptopus amplexifolius 
Struthiopteris spicant 
Vaccinium parvifolium 

Composite 19 -3 

Achlys triphylla 
Bromus vulgaris 
Claytonia sibirica 
Maianthemum bifolium var. kamtschaticum 
Osmorhiza nuda 
Pteridium aquilinum var. pubescens 
Smilacina sessilifolia 
Streptopus amplexifolius 
Trientalis europaea var. latifolia 
Trillium ovatum 
Viola sempervirens 

Composite 19 -6 

Gaultheria Shallon 
Rosa gymnoca.rpa 
Tsuga heterophylla 
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APPENDIX II (cont. ) 

Composite 20-12 

Achlys triphylla 
Adenocaulon bicolor 
Bromus vulgaris 
Galium spp. 
Osmorhiza nuda 
Smilacina sessilifolia 
Streptopus amplexifolius 
Trientalis europaea var. latifolia 
Vancouveria hexandra 

Composite 21 -6 

Claytonia sibirica 
Galium spp. 
Pteridium aquilinum var. pubescens 
Struthiopteris spicant 

Composite 22 -4 

Claytonia sibirica 
Galium spp. 
Luzula spp. 
Struthiopteris spicant 
Trillium ovatum 
Vancouveria hexandra 

Composite 23 -11 

Galium spp. 
Trillium ovatum 
Viola sempervirens 

Composite 26 -8 

Divranum spp. 
Hypnum spp. 
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APPENDIX II (cont. ) 

Composite 27 -5 

Claytonia sibirica 
Galium spp. 
Maianthemum bifolium var. kamtschaticum 
Oxalis oregana 
Vancouveria hexandra 
Viola sempervirens 

Composite 28 -11 

Adenocaulon bicolor 
Bromus vulgaris 
Galium spp. 
Iris tenax 
Smilacina sessilifolia 
Streptopus amplexifolius 
Trientalis europaea var. latifolia 
Vancouveria hexandra 

Composite 30 -4 

Struthiopteris spicant 
Trillium ovatum 

Composite 30 -5 

Rubus pedatus 
T s uga heterophylla 
Vaccinium parvifolium 

Composite 31 -1 

Carex spp. 
Claytonia sibirica 
Maianthemum bifolium var. kamtschaticum 
Viola glabella 



APPENDIX III 

Sample Plot Information 

Sample 
No. 

Elevation 
(feet) Location 

Honeygrove Creek 

Plant Crown 
community cover ( %) 

H-G 45 

Soil series 

Digger 800 
2 1178 II 11 H-G 60 Honeygrove 

1400 Taylor Butte P-O 80 Slickrock 
4 1450 !1 P-O 80 Slickrock 

5 1940 Risley Creek Road P 70 Bohannon - Slickrock 
6 1000 Taylor Butte A -P 65 Slickrock 
7 1030 !I II A -G 55 Slickrock 
8 1140 A -G 60 Bohannon 

9 1200 Taylor Butte A -G 65 Bohannon 
10 900 Lobster Valley A -P 90 Bohannon - Slickrock 
11 1000 Camp Creek Sale Road A -P 70 Bohannon 
12 1280 Risley Creek Road R -P 95 Bohannon 

13 1430 Risley Creek Road R -P 75 Preacher 
14 1390 II II R -P 70 Preacher 
15 1740 G -P 80 Slickrock 
16 1810 !1 G -P 55 Slickrock 

1 

3 

" 



APPENDIX III (cont. ) 

Sample 
No. 

Elevation 
(feet) Location 

Plant 
community 

Crown 
cover ( Soil series 

17 1790 Risley Creek Road G-P 60 Slickrock 
18 1840 P-O 90 Bohannon - Slickrock 
19 1840 P-O 95 Bohannon - Slickrock 
2.0 770 South -west Alsea H-G 45 Honeygrove 

21 1300 Grass Mountain P 70 Slickrock 
22 1340 P 75 Slickr ock 
23 1860 G 70 Bohannon 
24 1500 G 55 Bohannon 

25 1570 Grass Mountain G 55 Bohannon 
26 1550 G 80 Bohannon 
27 1640 Risley Creek Road G-P 65 Slickrock 
28 700 South -west Alsea H-G 50 Digger 

29 1100 Camp Creek Sale Road A-G 70 Bohannon 
30 1570 Taylor Butte A-P 80 Slickrock 
31 1350 Risley Creek Road R-P 90 Bohannon - Slickrock 
32 1960 IT P 75 Bohannon -Slickrock 

it 

" 

" 



Appendix IV: Understory Community Map of the Alsea Area. 

O Sample sites 

1 
Pteridium aquilinum-Gaultheria Shallon, Gaultheria Shallon- 
Pteridium aquilinum, Holodiscus discolor- Gaultheria Shallon, 
Gaultheria Shallon. 

2 Rubus spectabilis-Polystichum munit.um. 

3 

4 Acer circinatum-Gaultheria Shallon. 

Gaultheria Shallon-Polystichum munitum. 

5 Acer circinatum-Polystichum munitum, Polystichum 
munitum, Polystichum munitum- Oxalis oregana. 



Appendix V: Table 1, Distribution of organic matter (dry weight) in understory vegetation of the eight plant communities. 

Drat Weight ( 103 kg,Jha, ) 

o' 2 G-P tr 2 P U 2 R-P 6 2 P-O (1" 
2 

G 2 H-G 2 A-G (T 2 A-P 

Holodiscus discolor (L) 

(W) 
0.29 
7.29 

0.01 
85.27 

*0.04 
*0.64 

Gaultheria Shallon (L) 1.90 1,21 2.54 0.78 * 0.39 1.98 0.22 *0, 04 2.43 1.28 
(W) 2. 11 1.55 3.48 2.48 * 0.38 2.41 2.27 *0.01 2. 78 7.87 

Cocvlus cornuta var. (L) 0.09 0.00 
califorr,ica (W) 1.32 0.03 

Pseudo, .;çá menziesii (N+Tw) * 1.59 
(W) * 4.96 

SLmphorïcarpos albus (L) * 0.06 
(W) * 0. 19 

Cornus Nuttallii (L) * 0.03 
(W) * 0.47 

Acer. circinatum (L) 1.90 0. 89 0.91 0.57 ._ 

(W) 11.76 0.45 21.34 130.51 
Berberis nervosa (L) * 0.21 0.33 0.04 * 0.34 0.26 0.06*0.08 

(W) * 0.16 0.21 0.01 * 0.36 0.19 0. 02 *0. 07 
Vaccinium parvifoliurn (L) * 0.02 0.08 0.00 *0. 003 *0.008 O. 13 0.01 

(W) * 0.09 0.78 0.44 *0. 04 *0.06 1.10 0.47 
(LOIS) *0. 01 *0.01 

Rubus spectabilis (L) 2.74 6. 56 
(W) S. 67 15.54 

Rhododendron macrophyllum( L) 0.40 0.09 
(W) 1. 17 0.79 

Castanopsis chrysophylla (L) *0. 14 
(W) *0, 12 

Rubus pedátus *0. 06 *0. 003 
Mugs heterophylla *0.29 1.23 1.22 
Rosa gymnocarpa 0.07 0.00 *0. 23 *0. 003 

Comp. 8-7 (L) * 0.01 
(W) * 0.05 



Appendix V: Table 1. Continued. 

Comp. 30 -5 
19-6 

SHRUB TOTAL 

3 
Dry Weight (10 kg. /ha. ) 

H-G C 
2 

A-G 0" 
2 

A-P 0" 
2 

G-P 0" 
2 

P Cr 2 R-P C 2 P-O G.2 G 
2 

(L & W) * 0.05 

20.74 20.44 23.72 5.84 0.053 S. 86 
*0. 008 

1. 509 8. 953 

Ptc:ridiuin aquilinum 0.22 0.04 0. 35 0.04 '^0. 03 0.04 0. 12 
Poly.stichum munitum 0. 10 0.00 0.21 0.22 2.60 0. 58 1.91 0.60 5. 80 2. 45 1. 11 `L. 79 1.07 1.03 0. 12 0.01 
Gáiium pp. ; * 0.01 *0.01 
Veratr;zxn caudatum * 0.003 
Trillium. ovatum *0.003 * 0.003 
Oxalis otegana * 0.04 0. 15 0. 00 0. 06 0. 00 *0. 11 0. 14 0. 01 
Struthiopteris spic ant *0. 17 0. 19 0.02 
Brornus vulgaris 0. 08 0. 01 0. 07 0. 00 
Maianthemum bifolium 

var. kamtschaticum *0.01 *0.001 
Viola sempervirens *0.04 
Claytonia sihirica 0. 02 0. 00 0.04 0. 00 
Ac.hl.ys triphylla *0. 12 

Comp. 1-9 * 0.02 
2-13 * 0.008 

20-12 * 0.06 
28-11 * 0.05 
7-7 *0. 06 

30-4 *0. 002 
11-5 * 0.01 
15-10 *0. 004 
16-11 *0. 006 
17-9 *0. 02 
27-5 *0. 04 
21-6 *0. 006 
22-4 *0. 005 

Cr. 



Appendix V: Table 1. Continued.. 

H-G 62 A-G 

Dry Weight ( 103 kg. /ha. ) 

A-P Cr. 
2 

G-P 
2 

P 
2 

R-P 6 2 P-O 6 2 G 0- 
2 

Comp. 13 -4 
14 -8 
31 -1 

3 -6 
18- 3 

19 -3 
23-11 

*0 01 
*0. 002 
*0. 08 

*0. 01 

*0. 01 

*0. 009 
*0. 002 

HERB TOTAL 0.471 0.275 2.653 2.06 6.091 1.383 1. 429 0. 162 

Hyçum spp. 0. 49 0.86 0.27 0. 09 0. 06 0. 00 0. 07 0.00 0. 14 0 00 0. 27 0, 01 
Moss spp. *0. 13 *0.23 

Comp. 15 -7 *0. 31 
Mnium spp. *0. 23 

Comp. 26 -8 *0. 05 
MOSS TOTAL 0.49 0.40 0.06 0. 61 0.23 0. 14 0. 32 

TOTAL 21.701 21.11 26.433 8.51 6.144 10.473 3.078 9.435 

(L) Leaves 
(N) Needles 
(Tw) Twigs 
(W) Wood 

* Single observation 

These symbols are used in Appendix V: Tables 1 -7 and Appendix VI: Tables 1 -6. 

a- 2 Cr 
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Appendix V: Table 2. Nitrogen content of the understory vegetation in the eight plant communities. 

Nitrogen ( kg. /ha. 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor (L) 4.42 

19.63 * 

8.93 * 

3.51 
0.85 

20.38 
7.93 

* 

* 

0.43 
0.04 

* .0. 67 

* 2. 03 

21.29 
7.48 

(W) 23. 11 

Gaultheria Shallon (L) 14.98 
(W) 8.36 

Corylus cornuta var. (L) 1.56 
californica (W) 11.29 

seudotsuga menziesii (N +TwY10. 19 

(W)* 6.60 
Symphoricarpos albus (L) *0,72 

(W)* 0.61 
Cornus Nuttalli (1-r) * 0.33 

(W)*, 1, 11 

Acer circinatum (L) 29.48 16. 56 

(W) 45.48 73. 03 

Berberis nervosa (L) * 1.46 2.92 * 3. 56 4. 48 * 0.95 
(W)* 1.00 0. 68 * 1.99 1.48 * 0.33 

Vaccinium parvifolium (L) * 0.27 1.48 *0. 06 * 0. 17 2. 06 
(W) * 0. 70 2.47 *0.27 * 0.57 6. 19 

(L& W) * 0.05 *0. 27 
Rubus peotabilis (L) 69. 58 

(W) 51. 64 
Rhododendron macrophyllum(L) 3. 84 

(W) 2.59 
Castanopsis chrysophylla (L) * 1.36 

(W) * 0.39 
Rubus pedatus * 0.55 * 0. 05 
Tsuga heterophylla * 2. 36 8.21 
Rosa gymnocarpa 0.46 * 1. 11 * 0.01 

Comp. 8 -7 (L) * 0. 20 
(W) * 0.21 

30 -5 (L& W) * 0. 57 
19 -6 * 0.03 

SHRUB TOTAL 85.48 109.07 99.50 37.33 0.60 127.18 10.74 47.95 

Pteridium aquilinum 2.69 6.25 * 0.64 0.72 
Polystichum munitum 1.02 2.13 29.24 22.17 87.85 16.92 12.03 1.33 
Galium spp. * 0.08 * 0. 19 

Veratrum caudatum * 0. 02 

Trillium ovatum * 0. 00 * 0. 05 

Oxalis oreg :ná * 0. 56 2.09 0. 85 * 2. 83 2.24 
Struthiopteris spic ant 1.78 2. 37 

Bromus vulgaris 0.63 0. 84 

iViaianthemum bifolium * 0. 16 * 0. 02 

var. kamtschaticum 
Viola sempervirens * 0.68 
Claytonia sibirica 0. 24 1.26 

) 

* 
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Nitrogen (kg. /ha. ) 
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H-G A-G A-P G-P P R-P P-O G 

Achlys triphylla *1.21 
Comp. 1 -9 *0. 36 

2 -13 *0.09 
20 -12 *0.22 
28 -11 *0.40 

7 -7 
30 -4 
11 -5 

*1. 15 

*0. 02 

* 0.20 
15 -10 *0.06 
16 -11 *0.09 
17 -9 *0.27 
27 -5 *0.47 
21 -6 *0.09 
22-4 *0.07 
13 -4 * 0.35 
14 -8 * 0.04 
31 -1 * 2.05 

3 -6 * 0.16 
18 -3 * 0.22 
19 -3 * 0.13 
23 -11 * 0.02 

HERB TOTAL 4.88 3. 30 30.05 34.65 91.34 24. 11 17. 15 2.07 

Hypnum spp. 6.85 2. 50 0. 76 0.85 1.78 2.22 
Moss spp. *1.30 * 4.03 

Comp. 15 -17 *2.75 
Mnium spp. *2. 71 

Comp. 26 -8 * 0.52 
MOSS TOTAL 6.85 3.80 0.76 6.31 4.03 1.78 2.74 

TOTAL 97.21 116.17 130.31 78.29 91.94 155.32 29.67 52.76 



107 

Appendix V: Table 3. Phosphorus content of the understory vegetation in the eight plant communities. 

Phosphorus (kg. ¡ha. ) 

1:-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor (L) 1.24 *0. 14 

(W) 2.31 *0.38 
Gaultheria Shallon (L) 1.48 2.22 * O. 37 1.96 *0.04 1.93 

(W) 0.98 1.60 * 0.22 1.25 *0.01 1.40 
Corylus cornuta var. (L) 0.28 

californica (W) 0.88 
Pseudotsugá menziesii (N +Tw) *1.96 

(W) *0.57 
Symphoricarpos albus (L) *0.23 

(W) *0.25 
Cornus Nuttalli ( L) *0. 14 

(W) *0. 16 

Acer circinatum (L) 6.08 3.24 
(W) 7.96 16.46 

Berberis nervosa (L) *0. 19 0.36 * 0.44 0.44 *0. 12 

(W) *0. 12 0.14 * 0.29 0.16 *0.07 
Vaccinium parvifolium (L) *0.02 0. 11 *0.00 *0.01 0.16 

(W) *0. 05 0.37 *0. 03 *0. 04 0.59 
(L & W) *0. 01 *0. 01 

Rubus siafctabilis (L) 4.09 
(W) 4.05 

Rhododendron macrophyllum(L) 0.41 
(W) 0.32 

Castanopsis chrysophylla (L) *0. 11 

(W) *0.08 
Rubus pedatus *0. 11 *0. 01 

Tsugá heterophylla *0.51 1.47 
Rosa gymnocarpa 0. 17 *0.20 *0.00 

Comp. 8 -7 (L) *0.04 
(W) *0.05 

30 -5 (L & W) *O. 06 
19 -6 *0.01 

SHRUB TOTAL 10.97 18.58 21.02 4, 52 0.04 8.74 1.78 5.53 

Pteridium aquilinum 0.47 0.83 *0. 09 0.09 
Polystichum munitum 0. 18 0.40 4.51 3.87 11. 11 1.80 1.67 0.26 
Galium spp. *0. 03 *0. 04 
Veratrum caudatum *0.00 
Trillium ovatum *0.01 *0.01 
Oxalis orem.^.a *0. OS 0.5S 0. 15 *0. 22 0. 55 

Struthiopteris spic ant *0. 38 0.39 
Bromus vulgaris 0. 19 0. 17 

Maianthemum bifolium *0. 04 *0.00 
var. kamtschaticum 

Viola se rupf rvirens *0. 12 

Claytonia sibirica 0.05 O. 14 

_. 
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Appendix V: Table 3. Continued. 

Phosphorus (kg. ¡ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla *0. 16 

Comp. 1 -9 *0.09 
2 -13 *0.02 

20 -12 *0. 14 

28 -11 *0.15 
7 -7 *0. 16 

30 -4 *0. 00 
11 -5 *0. 02 
15 -10 *0.01 
16 -11 *0.03 
17 -9 *0.07 
27 -5 

21 -6 
22 -4 
13 -4 
14 -8 
31 -1 

*0. 10 

-I-0. 02 

*0. 02 

*0. 03 

*0. 00 
*0.24 

3 -6 *0. 03 
18 -3 *0.05 
19 -3 *0. 02 
23 -11 *0.00 

HERB TOTAL 1.08 0. 57 4.59 6. 19 11. 72 2.52 2.71 0.35 

Hypnum spp. 0.92 0.46 0. 12 0. 17 0.29 0.56 
Moss spp. *0. 23 *0.43 

Comp. 15 -7 *0.57 
Mnium spp. *0. 43 

Comp. 26 -8 *0. 10 
MOSS TOTAL 0.92 0. 69 0. 12 1. 17 0.43 0. 29 0.66 

TOTAL 12.97 19.84 25.73 11.88 11.76 11.69 4.78 6.54 
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Appendix V: Table 4. Potassium content of the understory vegetation in the eight plant communities. 

Potassium (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 
Holodiscus discolor (L) 5.27 

27. 18 

17.10 
* 3.85 
* 2.19 

10.94 
7.23 

*0. 19 

*0.05 

* 1.02 
* 3.26 

17.70 
11.13 

(W) 14.13 
Gaultheria Shallon (L) 13.60 

(W) 7.47 
Corylus cornuta var. (L) 0. 77 

californica (W) 3.67 
Pseudotsuga menziesii (N +Tw)k 9.20 

(W)* 7.94 
Symphoricarpos albus (L) * 1.35 

(W)* 0.66 
Cornus Nuttallii (L) * 0.25 

(fil') * 1.58 
Acer circinatum (L) 17. 60 11.07 

(W) 38.81. 88.24 
Berberis nervosa (L) * 1. 78 3. 63 * 4. 20 3.99 *0. 64 

(W)* 0.78 1.38 * 2.93 1.74 *0.38 
Vaccinium parvifolium (L) * 0.27 0.40 *0.03 *0.09 1.61 

(W) * 0.48 0.00 *0. 02 *0. 05 4.98 
(L& W) * 0.08 *0.12 

Rubus spectabilis (L) 43.27 
(W) 33.91 

Rhododendron macrophyllum ( L) 3.62 
(W) 4.43 

Castanopsis chrysophylla (L) * 0.74 
(W) * 0.62 

Rubes pedatus * 0. 38 * 0.05 
Tsuga heterophylla * 2.06 6.56 
Rosa gymnocarpa 0.46 * 1.76 *0.02 

Comp. 8 -7 (L) * 0.28 
(W) * 0.40 

30 -5 (L & W) * 0.55 
19-6 *0.04 

SHRUB TOTAL 68.91 107.68 112.48 22.85 0. 17 82.91 8.02 49.16 

Pteridium aquilinum 4.50 4.82 * 1.24 1.21 
Polystichum munitum 1.50 3.97 46.27 26.48 83.90 19.91 16.45 1.91 
Galium spp. * 0.27 * 0. 39 
Veratrum caudatum * 0. 11 

Trillium ovatum * O. 17 * 0. 16 

Oxalis or;aná. * 0.97 4.06 1. 77 * 3.27 3.48 
.,.naF ,meri spic ant * 3.97 4.56 
Bromus vulgaris 1. 62 2. 07 
Maianthemum bifolium * 0.33 * 0.05 

var. kamtschaticurn 
Viola smperirens * 0.95 
Claytonia sibirica 1. 30 2.57 
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Potassium (kg. /ha. ) 
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H-G A-G A-P G-P P R-P P-O G 

Achlys triphylla *2. 78 

Comp. 1 -9 * 0.86 
2 -13 * 0.31 

20 -12 * 1.76 
28 -11 * 1.76 

7 -7 
30 -4 
11 -5 
15 -10 
16 -11 
17 -9 
27 -5 

* 1.44 
* 0.06 

* 0.83 
*0.12 
*0.18 
*0. 50 

*1. 06 
21 -6 *0.27 
22 -4 *0. 13 

13 -4 * 0.62 
14 -8 * O. 10 

31 -1 * 3.53 
3 -6 * 0. 38 

18 -3 * 0.36 
19 -3 * 0.21 
23 -11 * 0.04 

HERB TOTAL 11.07 5. 64 48.23 44.09 92.61 31.29 25.44 3. 16 

Hypnum spp. 2.14 2.26 0.44 0.32 1.21 2.25 
Moss spp. * 1. 15 * 1.42 

Comp. 15 -7 *2. 37 

Mnium spp. *0. 63 

Comp. 26 -8 * 0.40 
MOSS TOTAL 2. 14 3. 41 0. 44 3. 32 1.42 1.21 2.65 

TOTAL 82. 12 116.73 161.15 70.26 92.78 115.62 34.67 54.97 
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Appendix V: Table 5. Calcium content of the understory vegetation in the eight plant communities. 

Calcium (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Holodiscus discolor (L) 3.98 * 

* 

0.22 
0. 77 (W) 44.45 

Gaultheria Shallon (L) 23.72 33.23 * 5. 18 22.42 *0.40 25.07 
(W) 6.38 10.36 * 0.57 5.76 *0.05 3.98 

Corylus cornuta var. (L) 1.05 
californica (W) 7.41 

Pseudotsuga menziesii (N +Tw) * 7.89 
(W) *16.87 

Symphoricarpos albus (L) * 0. 72 

(W) * 0.50 
Cornus Nuttallii ( L) * 0. 57 

(W) * 3.05 
Acer circinatum (L) 11.24 8. 79 

(W) 77. 14 217. 12 

Berberis nervosa (L) * 0.57 1. 14 * 1. 13 0. 56 *0.33 
(W) * 0.86 0.81 * 1.90 0.38 *0.21 

Vaccinium parvifolium (L) * 0. 19 0.87 *0.03 *0.09 1.47 
(W) * 0.85 3.76 *0.16 *0. 21 4.18 

(L & W) * 0.03 *0. 12 

Rubus spectabilis (L) 12. 82 

(W) 14.00 
Rhododendron macrophylluna( L) 3. 23 

(W) 0.56 
Castanopsis chrysophylla (L) * 1.06 

(W) * 0.70 
Rubus pedatus * 0.20 * 0.02 
Tsuga heterophylla * 0.93 4. 54 
Rosa.gymnocarpa 0.59 * 0.37 *0.01 

Comp. 8 -7 (L) * 0.15 
(W) * 0.23 

30 -5 (L & W) * 0. 36 
19 -6 *0.05 

SHRUB TOTAL 118.61 135.70 234. 69 34. 34 0. 31 27.76 5.89 41.26 

Pteridium aquilinum 0.75 1.60 * 0.03 0. 12 

Polystichum munitum 0.50 0. 68 10. 59 6. 10 22. 19 3.66 4.60 0. 35 
Galium spp. * 0. 11 * 0. 14 

Veratrum caudatum * 0.03 
Trillium ovatum * 0.03 * 0.05 
Oxalis ore gana * 0. 23 0.92 0.36 * 0.45 0.72 
Struthiopteris spic ant * 0.86 0.75 
Brornus vulgaris 0. 24 0. 14 

Maianthemum bifolium * 0. 05 * 0. 01 
var. kamtschaticum 

Viola semRervirens * 0.39 
Claytonia sibirica 0. 07 0. 18 
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Calcium (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla 
*0.26 
*0.07 
*0.74 
*0.32 

*0. 78 

Comp. 1 -9 
2 -13 

20 -12 
28 -11 

7 -7 * 0. 20 
30 -4 * 0. 01 

11 -5 *0. 12 

15 -10 *0.03 
16 -11 *0.06 
17 -9 *0. 20 
27 -5 *0.28 
21 -6 *0. 04 
22-4 *0. 05 
13 -4 
14 -8 
31 -1 

3 -6 
18 -3 
19 -3 

*0. 09 
*0. 02 

*0.16 
*0.06 
*0.09 
*0.06 

23 -11 *0.01 
HERB TOTAL 2.78 0.92 10.99 10.73 23. 77 4.60 6.28 0.48 

Hypnum spp. 4. 10 1. 23 0. 38 0. 37 0. 67 1.30 
Moss spp. *0. 62 *0.95 

Comp. 15 -7 *1. 08 
Mnium spp. *1. 13 

Comp. 26 -8 *0.28 
MOSS TOTAL 4. 10 1. 85 0. 38 2.58 0.95 0.67 1.58 

TOTAL 125.49 138.47 246.06 47.65 24.08 33.31 12.84 43.32 



113 

Appendix V: Table 6. Magnesium content of the understory vegetation of the eight plant communities. 

Magnesium (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Holodiscus discolor (L) 0.71 
3.51 

*0. 13 

*0.29 (W) 

Gaultheria Shallon (L) 6.06 10.28 * 1.84 7.46 *0. 13 8.34 
(W) 1.93 2.39 * 0.19 1.46 *0.01 1.89 

Corylus cornuta var. (L) 0.30 
californica (W) 0.94 

Pseudotsuga menziesii (N +Tw) *1.51 
(W) *0.74 

Symphoricarpos albus (L) *0.20 
(W) *0.22 

Cornus Nuttallii (L) *0.09 
(W) *0.37 

Acer circinaturn ( L) 6. 38 3. 28 

(W) 8.83 33.04 
herberis nervosa (L) *0. 26 0.49 * 0.46 0.40 *0. 11 

(W) *0. 16 0.12 * 0.20 0.17 *0. 05 

Vaccinium parvifolium (L) * 0.04 0. 15 *0. 01 *0. 02 0.22 
(W) * 0.10 0.25 *0.02 *0.01 0.63 

(L & W) *0. 00 *0.03 
Rubus spectabilis (L) 13.37 

(W) 7.70 
Rhododendron macrophyllum( L) 0. 66 

(W) 0.19 
Castanopsis chrysophylla (L) *0. 15 

(W) *0.09 
Rubus pedatus *0. 16 *0. 01 

Tsuga heterophylla *0. 32 1.37 
Rosa gymnocarpa 0. 14 *0.26 *0.00 

Comp. 8 -7 (L) * 0. 07 

(W) * 0.05 
30 -5 (L & W) * 0. 10 

19-6 *0.01 
SHRUB TOTAL 17. 14 28.85 39.01 10.06 0.06 21.64 1.71 12.60 

Pteridium aquilinum 0.52 0.71 * 0.06 0. 11 

Polystichum munitum 0.27 0.46 5.91 4.99 15.42 2.22 2.33 0.23 
Galium spp. *0. 02 * 0. 04 

Veratrum caudatum *0.01 
Trillium ovatum * 0. 01 * 0.01 
Oxalis oregana * 0. 16 0. 66 0. 29 * 0. 71 0. 57 

Struthiopteris spic ant *0. 88 0.80 
Bromus vulgaris 0.07 0. 07 

Maianthemum bifolium *0 04 * 0.01 
var. kamtschaticum 

Viola sempervirens *0.26 
Claytonia. sibirica 0.09 0. 27 
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Appendix V. Table 6. Continued. 

Magnesium (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla *0. 30 

Comp. 1 -9 *0. 08 

2 -13 *0.02 
20 -12 *0. 13 

28 -11 *0.09 
7 -7 *0. 17 

30 -4 *0.01 
11 -5 *0. 04 
15 -10 *0.02 
16-11 *0.02 
17 -9 *0. 08 

27-5 *0. 15 

21 -6 
22 -4 
13 -4 
14 -8 
31 -1 

*0. 02 

*0. 01 

*0.04 
*0.01 
*0.32 

3 -6 *0. 04 
18 -3 *0.04 
19 -3 *0.03 
23 -11 *0.00 

HERB TOTAL 1. 14 0.65 6. 12 7.88 16. 24 3.64 3. 81 0.34 

Hypnum spp. 1.26 0. 54 0. 15 0. 14 0. 34 0.46 
Moss spp. *0. 30 *0. 72 

Comp. 15 -7 *0.76 
Mnium spp. *0.31 

Comp. 26 -8 *0. 10 

MOSS TOTAL 1.26 0. 84 0. 15 1.21 0. 72 0.34 0. 56 

TOTAL 19.54 30.34 45.28 19.15 16.30 26.00 5.86 13.50 
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Appendix V: Table 7. Manganese content of the understory vegetation in the eight plant communities. 

Manganese (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O G 

Holodiscus discolor (L) 0.26 *0.01 
(W) 1.34 *0.03 

Gaultheria Shallon ( L) 3.76 5. 80 *0. 36 3.90 *0. 15 3.05 
(W) 1.67 2. 76 *0.07 1.32 *0.01 0. 22 

Corylus cornuta var. ( L) 0. 09 
californica (W) 0.28 

Pseudotsuga menziesii (N +Tw) *0. 39 

(W) *0.30 
Svmphoricarpos albus (L) *0.04 

(W) *0.03 
Cornus Nuttallii ( L) *0. 00 

(W) *0.00 
Acer circinatum (L) 0. 89 0. 26 

(W) 2. 87 2. 10 

Berberis nervosa (L) *0.08 0.08 *0.08 0.06 *0.02 
(W) *0.08 0.02 *0.03 0.02 *0.00 

Vaccinium parvifolium (L) *0. 03 0. 13 *0.01 *0.01 0.25 
(W) *0. 16 0.56 *0. 10 *0. 02 1.14 

(L &W) *0.01 *0.02 
Rubes spectabilis ( L) 2.64 

(W) 1.91 
Rhododendron macrophyllum ( L) 0. 32 

(W) 0.34 
Castanopsis chrysophylla ( L) *0. 54 

(W) *0. 18 

Rubus pedatus *0.01 *0. 00 
Tsuga heterophylla *0. 32 0. 72 

Rosa Rymnocarpa 0.02 *0. 02 *0. 00 
Comp. 8 -7 (L) *0.01 

(W) *0. 04 

30 -5 (L& W) *0. 11 

19 -6 *0.02 
SHRUB TOTAL 8.34 12.77 2.90 6.27 0. 13 4.63 0.95 7.08 

Pteridium aquilinum 0.09 0.07 *0.01 0.01 
Polystichum munitum 0.01 0. 02 0. 53 0.48 0. 78 0. 15 0. 15 0.01 
Galium spp. *0.00 *0.00 
Veratrum caudatum *0.00 
Trillium ovatum *0. 00 *0.00 
Oxalis oregana *0. 01 0. 06 0.02 *0. 08 0.05 
5t ur:hïopteris spic ant *0. 04 0.04 
Bromus vulgaris 0.01 0.01 
Maianthemum bifolium *0.00 *0.00 

var. kamtschaticum 
Viola sempervirens *0.01 
Claytonia sibirica 0.01 0.04 
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Manganese (kg. /ha. ) 

H -G A -G A -P G -P P R -P P -O C 
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Achlys triphylla 
*0.01 
*0.00 
*0.02 
*0.01 

*0. 02 

*0. 03 

Comp. 1 -9 
2 -13 

20 -12 
28 -11 

7 -7 
30 -4 *0.00 
11 -5 *0. 00 
15 -10 *0.00 
16 -11 *0.00 
17 -9 *0.00 
27-5 *0. 02 

21 -6 *0. 00 
22 -4 *0. 00 
13 -4 *0.01 
14 -8 *0. 00 
31 -1 *0.04 

3 -6 *0.00 
18 -3 *0.01 
19 -3 *0.00 
23 -11 *0.00 

HERB TOTAL 0. 14 0.04 0. 54 0.69 0. 85 0.33 0.25 0.02 

Hypnum spp. 1.01 0. 31 0. 03 0.03 0.09 0. 16 

Moss spp. *0. 10 *0. 13 

Comp. 15 -7 *0. 11 

Mnium spp. *0. 15 

Comp. 26 -8 *0.04 
MOSS TOTAL 1.01 0.41 0. 03 0.29 0. 13 0.09 0.20 

TOTAL 9.49 13.22 3.47 7.25 0.98 5.09 1.29 7.30 



117 

Appendix VI: Table 1. Nitrogen concentration in the understory vegetation of the eight plant 
communities. 

N (% Oven -dry weight) 
H -G A -G A -P G -P P R -P P-0 G 

Holodiscus discolor (L) 1.50 .80 
.25 

* .90 
* .23 

1.02 
.36 

*1. 19 

* .30 

*1.61 
* .32 

. 88 

.31 

(W) .53 
Gaultheria Shallon (L) . 77 

(W) .28 
Corylus cornuta var. (L) 1. 72 

californica (W) .77 
Pseudotsuga menziesii (N+Tw) * .64 

(W) * .13 
Symphoricarpos albus (L) *1. 18 

p4v) * .32 
Cornus Nuttallii (L) *1. 15 

(W) s .24 
Acer circinatum (L) 1.48 1. 89 

(W) .39 .40 
Berberis nervosa (L) * .71 .89 *1.04 1.47 *1. 13 

(W) * .61 .32 * .56 .67 * .45 
Vaccinium parvifolium (L) *1. 25 1.55 *1. 77 *2. 23 1.60 

(W) * .74 .53 * .62 * .96 .55 
(L & W) * .37 *2.04 

Rubes sEectabiJis (L) 2.48 
(W) . 94 

Rhododendron macrophyllum (L) .89 
(W) .21 

Castanopsis chrysophylla ( L) * . 94 

(W) * .32 
Rubus pedatus * .92 *1.44 
Tsuga heterophylla * . 81 . 61 

Rosa gymnocarpa .54 * .49 * .46 
Comp. 8 -7 (L) *1. *1.43 

(W) * .42 
30 -5 (L & W) *1.07 
19 -6 * .42 

Pteridium aquilinum 1.21 1.66 *1. *1.87 1.70 

Polystichusn munitum .99 .98 1. 15 1. 19 1.47 1.79 1.02 1.13 

Galium spp. *1. 18 *1. 89 

Veratrum caudatum * .67 
Trillium ovatum * .01 *1.74 
Oxalis oreg_ana *1.51 1.42 1.50 *2. 56 1.66 

Struthiopteris spic ant * .91 1.26 

Bromus vulgaris .97 1.49 

Maianthemum bifolium *1.55 *1.71 

var. kamtschaticum 
Viola sempervirens *1.76 
Claytonia sibirica 1.40 3.02 



Appendix VI: Table 1. Continued. 

Achlys triphylla 
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N (% Oven-dry weight) 
H-G A-G A-P G-P P R-P P-O G 

*1. 01 

Comp. 1 -9 *1.42 
2 -13 *1.10 

20 -12 * .38 
28 -11 * .82 

7 -7 *1.92 
30 -4 *1. 05 
11 -5 *1.45 
15 -10 *1.69 
16 -11 *1.59 
17 -9 *1.60 
27 -5 *1.13 
21 -6 
22 -4 
13 -4 
14 -8 
31 -1 

3 -6 
18 -3 
19 -3 
23 -11 

Hypnum spp. 
Moss spp. 

Comp. 15 -7 
Mnium spp. 

Comp. 26-8 

*1.51 
*1. 30 

*2.63 
*2.00 
*2. 56 

*1.34 
*1.55 
*1.48 

*1.26 

1.09 .96 1. 12 1.09 1.30 .82 
* .97 *1.74 

* .88 
*1.20 

* .90 
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Appendix VI: Table 2. Phosphorus concentration in the understory vegetation of the eight plant 
communities. 

P(% Oven -dry weight) 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor (L) .42 
.06 
. 08 

.05 

. 30 

.06 

.09 

.05 
* 

* 

.09 

.06 
. 10 

.06 
* 

* 

. 10 

.09 

*. 33 

*.06 
. 08 
. 05 

(W) 

Gaultheria Shallon ( L) 

(W) 
Corylus cornuta var. ( L) 

californica (W) 
F'seudotsugá menziesii (N+T w) * . 12 

(W) * .01 
Symphoricarpos albus (L) * .37 

(W) * .14 
Cornus Nuttallii ( L) * .48 

(W) * .04 
Acer cireinatum ( L) .29 .33 

(W) .07 .07 
Berberis nervosa ( L) * .09 . 11 * .13 . 15 * . 14 

(W) * .08 . 06 * .08 . 08 * .09 
Vaccinium parvifolium (L) * . 11 . 14 * .14 * .18 . 13 

(W) * . 06 .06 * .08 * .06 .06 
(L&W) *.09 *.11 

Pubus sl.:ectabilis (L) . 16 

(W) . 08 

Rhododendron macrophyllum(L) . 10 

(W) .03 
Castanopsis chrysophylla ( L) * . 08 

(W) * .06 
Rubus pedatus * . 19 * .30 
Tsuga heterophylla * . 10 . 11 

Rosa gymnocarpa . 18 * .09 * . 10 

Comp. 8-7 ( L) * .29 
(W) * .10 

30-5 ( L & W) * . 12 

19-6 * . 18 

Pteridiurn aquilinum .21 .23 * . 27 .24 
Polystichum munitum . 17 . 18 . 18 . 21 . 19 . 22 . 16 . 20 
Gaiïum spp. * . 34 * .43 
Veratrum caudatum * . 15 

Trillium ovatum * . 34 * .48 
Oxalis oregana * . 15 . 38 .27 * . 20 . 34 

ytruthippiteris spicant * . 19 . 21 

:4romuS, vti iffaris . 26 .28 
IVlaianthemam bifolium * . 37 * .22 

var. kamtschaticum 
Viola sempervirens * . 32 

Claytonia sibirica .30 . 32 

.Achlvs t.iphyila * . 13 



Appendix VI: Table 2. Continued. 

P(% Oven -dry weight) 
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H -G A -G A -P G -P P R -P P -O G 

Comp. 1- 9 * .35 
2 -13 * .26 

20 -12 * .25 
28 -11 * .32 

7 -7 *.27 
30- 4 * .23 
11- 5 * .17 
15 -10 * .40 
16 -11 * .46 
17- 9 * .42 
27- 5 * .25 
21- 6 * .35 
22- 4 * .34 
13 -4 *.20 
14- 8 *.21 
31- 1 * .30 

3 -6 *.28 
18- 3 * .36 
19- 3 * .29 
23 -11 * .30 

Hwy num spp., .18 , 17 .18 .22 .20 .30 
Moss spp. * . 17 * . 19 

Comp. 15- 7 * .18 
Mnium spp. * . 19 

Comp. 26- 8 * . 18 
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Appendix VI: Table 3. Potassium concentration in the understory vegetation of the eight plant 
communities. 

K(% Oven -dry weight) 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor ( L) 1. 69 

1. 04 

. 50 
* . 98 
* . 58 

. 57 

. 33 

* . 52 

* . 35 

*2. 46 

* .51 
. 74 

. 39 

(W) .23 
Gaultheria Shallon ( L) . 68 

(W) . 29 

Corylus cornuta var. (L) .91 
californica (W) .25 

:'seudotsuga menziesii (N+Tw ) * . 58 

(W) * .16 
Symphoricarpos albus ( L) *2. 20 

(W) * .35 
Cornus NUttallii ( L) * . 87 

(W) * 34 

Acer circinatum (L) .74 1.34 
(W) .33 .40 

Berberis nervosa (L) * .86 1.21 *1. 23 1. 38 * . 76 

(W) * .46 .67 * .82 .84 * .52 
Vaccinium parvifolium (L) *1.22 .52 * .86 *1.20 1.29 

(W) * . 51 0 * . 05 * . 08 . 43 

(L&W) * .64 * .87 
Rubus spectabilis (L) 1.69 

(W) .63 
Rhododendron macrophvllum(L) .91 

(W) .32 
Castanopsis chrysophylla (L) * .51 

(W) * .51 
Rubus pedatus * .64 *1. 42 

Tsuga heterophylla * . 71 . 50 

Rosa Qvmnocarpa 39 * . 78 * . 52 

Comp. 8- 7 (L) *1.96 
(W) * .80 

30- 5 (L& W) *1.03 
19- 6 * .48 

Pteridium á.quilinum 2. 10 1.52 *3. 61 2.66 
Pol.ystichum munitum 1.45 1. 66 1.77 1.43 1.52 2. 02 1.43 1.92 

Galium spp. *3.56 *3.96 
Veratrum caud-átum *3.53 
Trillium ovatum *5.56 *5. 16 

Oxalis oregano. *2. 62 2.81 2.87 *2. 96 2. 50 

Struthiopteris spicant *2. 02 2. 39 

Brooms vulgaris 2. 05 2.96 
;Vlaianthenr,zm bifolium *3. 22 *3. 65 

var. kamtschaticum 
Viola sempervirens *2. 46 

Claytonia sibirica 7. 15 6.01 



122 

Appendix VI: Table 3. Continued. 

K(% Oven -dry weight) 
H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla *2.31 
Comp. 1- 9 *3.44 

2 -13 *3.68 
20 -12 *3.02 
28 -11 *3.61 
7- 7 *2.41 

30- 4 *3.26 
11- 5 *6. 02 
15 -10 *3. 31 

16 -11 *3.29 
17- 9 *2.97 
27 -5 *2. 57 

21- 6 *4. 56 

22- 4 *2.50 
13- 4 

14 -8 
*4.68 
*4. 71 

31- 1 *4.42 
3- 6 *3. 10 

18- 3 *2. 50 
19- 3 *2.46 
23 -11 *2.59 

Hypnum spp. . 50 . 78 . 75 . 60 . 78 .90 
Moss spp. * . 86 * . 61 

Comp. 15- 7 * .76 
Mnium spp. * . 28 

Comp. 26- 8 * .70 
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Appendix VI: Table 4. Calcium concentration in the understory vegetation of the eight plant 
communities. 

Ca(% Oven -dry weight) 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor ( L) 1.42 * .53 
* .12 (W) .57 

Gaultheria Shallon (L) 1. 12 1.29 *1.32 1.09 *1. 11 1.10 
(W) .31 .25 * .15 .35 * .36 .21 

Corylus cornuta var. (L) 1. 22 

californica (W) .56 
Pseudotsuga menziesii (N+Tw)* .50 

(W) * .34 
Symphoricarpos albus (L) *1. 18 

(W) * .27 
Cornus Nuttallii ( L) *2. 00 

(W) * .66 
Acer circinatum (L) .60 .93 

(W) .66 .95 
Berberis nervosa (L) * .28 . 30 * . 33 . 28 * .39 

(W) * .53 .35 * .53 .20 * .29 
Vaccinium parvifolium (L) * .88 .95 *1. 03 *1. 23 1.05 

(W) * .90 .54 * .37 * .35 .38 
(L& W) * .23 * .89 

.Rubus skectabilis (L) .45 
(W) .21 

Rhododendron macrophyllum(L) .78 
(W) .04 

Castanopsis chrysophylla (L) * . 74 

(W) * .58 
Rubus pedatus * . 34 * . 51 

Tsuga heterophylla * . 32 . 33 

Rosa gymnocarpa . 71 * . 17 * .43 
Comp. 8- 7 (L) *1.07 

(W) * .46 
30- 5 ( L & W) * .68 
19- 6 * . 57 

Pteridium a-quilinum .32 .42 * .09 .27 
Polystichum munitum .48 . 33 .42 .34 .37 .29 . 39 . 22 

Galium spp. *1. 50 *1.43 
Veratrum caudatum * .83 
Trillium ovatum *1.11 *1. 50 

Oxalis oregana * . 63 .63 .59 * .41 . 47 

Struthiopteris spicant * .44 . 42 

Bromus vulgaris . 33 .24 
ïvlaianthemum bifolium * . 50 * . 71 

var. kamtschaticum 
Viola sempervirens *1.00 
Claytonia sibirica .39 .43 
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Appendix VI: Table 4. Continued. 

Ca(% Oven -dry weight) 
H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla * .65 
Comp. 1- 9 *1.03 

2 -13 * .83 
20 -12 *1.27 
28 -11 * .66 

7 -7 *.33 
30- 4 * .44 
11- 5 * .85 
15 -10 * . 75 

16 -11 *1.12 
17- 9 *1.20 
27- 5 * .68 
21- 6 * .73 
22- 4 * .91 
13 -4 *.64 
14- 8 * . 79 

31- 1 * .21 
3 -6 *.50 

18 -3 * . 63 
19 -3 * . 70 

23 -11 * .78 
Hypnum spp. . 67 .49 . 56 . 43 .49 .47 
Moss spp. * . 46 * . 41 

Comp. 15- 7 * .35 
Mnium spp. * . 50 

Comp. 26- 8 * .49 
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Appendix VI: Table 5. Magnesium concentration in the understory vegetation of the eight plant 
communities. 

Mg(% Oven -dry weight) 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor ( L) . 25 

. 06 

. 33 

.09 

.35 

.07 

. 42 

. 07 

* 

* 

.47 

.05 
.36 
. 07 

* .36 
* . 04 

* 

* 

.32 

. 05 

. 35 

. 08 

(W) 
Gaultheria Shallon ( L) 

(W) 
Corylus cornuta var. ( L) 

califòmica (W) 
Pseudotsuga menziesii (N+TW)* . 10 

(W) * .02 
Symphoricarpos albus (L) * .32 

(W) * .12 
Cornus Nuttallii ( L) * . 30 

(W) * .08 
Acer circinatum (L) .35 .35 

(W) .08 .14 
Berberis nervosa ( L) * . 13 . 13 * . 14 . 16 * . 13 

(W) * . 10 . 05 * . 06 . 08 * . 07 

Vaccinium parvifolium (L) * . 19 . 16 * . 16 * .23 . 18 

(W) * . 11 .04 * .05 * . 02 . 06 

(L& W) * .03 * .22 
Rubus suectabilis (L) .49 

(W) .14 
Rhododendron macrophyllum(L) . 17 

(W) .03 
Castanopsis chrysophylla ( L) * .11 

(W) * .08 
Rubus pedatus * .27 * . 34 

Tsuga heterophylla * . 11 . 10 

Rosa gymnocarpa .15 * .12 * .14 
Comp: 8- 7 ( L) * .49 

(W) * .10 
30- 5 ( L & W) * .20 
19- 6 * .18 

Pteridium aquilinum .22 . 20 * . 17 .26 
Polystichum munitum .27 .22 .23 .26 .27 .21 .21 18 

Galium spp, * .28 * .39 
Veratrum caudatum * .24 
Trillium ovatum * . 36 * .29 
Oxalis oregana * .43 .45 .47 * . 64 .41 
Struthiopteris spicant * . 45 . 42 

13romus vulgaris .11 . 13 

Maianthemum bifolium * .36 * .43 
var. kamtschaticum 

Viola sempervirens * .68 
Claytonia sibirica .51 .65 



126 

Appendix VI: Table 5. Continued. 

Mg(% Oven -dry weight) 
H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla * .25 
Comp. 1- 9 * .33 

2 -13 * .25 
20 -12 * .22 
28 -11 * .18 
7- 7 

30- 4 

11- 5 

15 -10 
16 -11 

* .29 
* .50 

* .28 
* 

* 

.45 

.33 
17- 9 * . 48 

27- 5 * .36 
21- 6 * .40 
22- 4 * .27 
13- 4 * . 33 

14- 8 * .58 
31 -. 1 * .40 

3 -6 *.29 
18- 3 * .26 
19- 3 * . 34 

23 -11 * .31 

Hypnum spp. .21 .21 .23 .19 .22 .16 

Moss spp. * .23 * .31 

Comp. 15- 7 * 25 

Mnium spp. * . 14 

Comp. 26- 8 * . 18 
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Appendix VI: Table 6. Manganese concentration in the understory vegetation of the eight plant 
communities. 

Mn(p, p. m. Oven -dry weight) 
H-G A-G A-P G-P P R-P P-O G 

Holodiscus discolor ( L) 887 * 187 

(W) 144 * 53 

Gaultheria Shallon (L) 1826 2334 * 920 2059 *4220 1447 

(W) 743 723 * 180 734 * 760 530 

Corylus cornuta var. ( L) 961 

californica (W) 218 

sAtzdotsuga menziesii ( N+Tw ) * 245 
(W) * 60 

Symphoricarpos albus ( L) * 702 

(W) * 149 

Cornus Nuttallii ( L) * 12 

(W) * 8 

Acer circinatum (L) 436 246 
(W) 242 96 

Berberis nervosa (L) * 370 228 * 222 197 * 200 
(W) * 480 65 * 90 83 * 51 

Vaccinium parvifolium (L) *1715 1745 *4100 *1900 1631 

(W) *1700 1073 *2300 * 368 999 

( L & W) * 970 *1740 

Rubus spectabilis (L) 934 

(W) 344 

Rhododendron macrophyllum(L) 898 
(W) 318 

Castanopsis chrysophylla (L) *3730 
(W) *1510 

Rubus pedatus * 123 * 202 

Tsuga heterophylla *1080 545 

Rosa gymnocarpa 192 * 76 * 70 

Comp. 8- 7 ( L) * 765 

(W) * 715 

30- 5 (L & W) *2130 
19- 6 *2030 

Pteridium aquilinum 
103 

186 * 208 158 

Polystichum munitum 103 105 86 147 120 154 118 85 

Galium spp. * * 170 

Veratrum caudatum * 287 
Trillium ovatum * 40 * 45 

Oxalis öreganá * 198 409 334 * 685 340 

Struthiopteri3 Spicant * 182 205 

:romus vulgaris 241 251 

Maianthemum bifolium * 253 * 363 

var. kamtschaticum 
Viola semen porvi_ * 249 

Claytonia sibirica 497 1000 

' 

115 



Appendix VI: Table 6. Continued. 

Mn(p. p. m. Oven -drys weight) 
H -G A -G A -P G -P P R -P P -O G 

Achlys triphylla * 235 

Comp. 1- 9 * 510 

2 -13 * 175 

20 -12 * 383 

28 -11 * 156 

128 

7- 7 

30- 4 

11- 5 

15 -10 
16 -11 

* 325 

* 203 
* 320 

* 

* 

197 

213 
17- 9 * 275 

27- 5 * 418 

21- 6 * 200 

22- 4 * 227 
13- 4 * 700 

14- 8 * 548 

31- 1 * 522 

3- 6 * 285 

18- 3 * 862 

19- 3 * 300 

23 -11 * 90 

Hypnum spp. 1222 1184 402 393 677 590 

Moss spp. * 765 * 570 

Comp. 15- 7 * 350 

Mnium spp. * 660 

Comp. 26- 8 * 710 



Appendix VII: Results of statistical analyses. 

Kind of 

Analysis 
Linear Regression 

Independent var. 
(Population 1.) 

Crown Cover % 

Dependent var. Correlation 
(Population 2.) Significance Coefficient (r) 

Total organic N. S. -0. 46084 
matter (kg. /ha) 
of H -G, A -G, 
G -P, G, P, A -P, 
R -P, P -O 
communities. 

Total nitrogen 
(kg. /ha.) of 
H -G, A -G, G -P, 
G, P, and P -O 
communities. 

Total calcium 
(kg. /ha.) of 
H -G, A -G, G -P, 
G, P, R -P and P -O 
communities. 

Total manganese 
(kg. /ha.) of 
H -G. A -G, G -P, 
G, P, A -P, R -P, 
and P -O 
communities. 

N.S. -0.64835 

5% 

Regression Equation 

y 
x 

= 70.0 -0.601(x- 13. 35) 

y 
x 

= 50. 37 - 0. 241 (x - 58. 27) 

- 73926 y 
x 

= 69. 43 - 0. 181 ( x - 60. 74) 

N.S. -0.67534 y 
x 

= 70.0- 1.857(x - 6.03) 

Total manganese 5% -0. 90322 y 
x 

= 70. 71 - 4.056 (x - 5. 00) 
(kg. /ha.) of 
H -G, G -P, G, P, 

A -P, R -P, and 
P -O communities. 


