
AN ABSTRACT OF THE THESIS OF

Eric Charles Quaye for the degree of Doctor of Philosophy

in Botany and Plant Pathology presented on March 12, 1982

Title: THE STRUCTURE AND DYNAMICS OF OLD-GROWTH SITKA SPRUCE (Picea

sitchpnsis) FOREST OF THE OREGON COAST RANGE

Abstract approved:
Redacted for privacy
William W. Chilcote

The objectives of this study are to: 1) study the variations

among stands of old-growth Sitka spruce forest located within a rela-

tively restricted geographical area, 2) determine the relationship be-

tween species distribution, vegetational pattern, and such site factors

as slope and aspect, and 3) ascertain the abruptness of phytosociolo-

gical change which might permit the recognition of separate vegeta-

tional units.

The power function regression model has been used to describe the

frequency distribution in size-classes of Sitka spruce and western hem-

lock on thirty-five plots from three coastal sites in Oregon. The dia-

meter distribution and the reproductive potential of both spruce and

hemlock seem to indicate that the forest stands at Cape Lookout, Cas-

cade Head, and Cape Perpetua are in a steady-state condition regardless

of the relatively low number of seedlings and saplings.

Linear correlation and regression analyses indicate no significant

relationship between species diversity and topographic variables, thus



emphasizing forest homogeneity within the study area. Other stand

characteristics, however, were significantly correlated with some of

the topographic variables. For instance, the basal area of hemlock was

negatively correlated with slope inclination, whereas, the density of

spruce was positively correlated with relative moisture value derived

from slope aspect. Pit-and-mound topography or microrelief plays an

important role in forest dynamics by influencing species composition and

structure. Since pits and mounds are the result of windthrows, wind

becomes a very important allogenic factor in controlling cyclic micro-

succession in the spruce forest.

Clustering analysis was used to group stands into phytosociological

units or community types. Stand ordinations using polar ordination,

principal components analysis, and reciprocal averaging were employed

to relate the spatial distribution of the vegetation units to environ-

mental gradients. Six community types have been identified and des-

cribed on the basis of the dominant species in each vegetation stratum,

topographic preference, and soil physical characteristics. The first

ordination axis of all three ordination techniques corresponded to a

"complex" slope gradient but the second axis did not correspond to any

of the measured or derived site factors.
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THE STRUCTURE AND DYNAMICS OF OLD-GROWTH
SITKA SPRUCE (Picea sitchenis) FOREST OF THE OREGON COAST RANGE

INTRODUCTION

The vegetation in the Oregon Coast Range has been packaged into

zones by various authors (Franklin and Dyrness, 1969; Frenkel, 1974;

Juday, 1977) who recognize a Picea sitchensis (Sitka spruce) Zone.

This zone is the subject of this study. It is characterized by Sitka

spruce forming the dominant or a co-dominant canopy species with Tsuga

heterophylla (western hemlock). Other trees associated with the zone

include Douglas-fir, western red cedar, and red alder, although these

species were not encountered in this study.

Old-growth spruce forests of the Pacific Northwest are recognized

to be among the oldest forests in the world in terms of biogeographic

history (Jones, 1945). Some of the stands contain extremely large

trees, more than 4.9 m in diameter and over 70 m tall in some cases

(Ruth and Harris, 1979). Productivity of the better sites, as measured

by annual biomass or wood production, is among the highest in the world

(Briegleb, 1940; Fujimori, 1971; Munger, 1946). Past events and cur-

rent practices have reduced old-growth forests in the Oregon Coast

Range to a few scattered stands (Juday, 1977). The scanty and mostly

superficial work conducted on the structure and development of mature,

relatively undisturbed stands of spruce forest in Oregon stimulated

this work. It is a study that is more concerned with the characteri-

zation of vegetational development than with quantitative determination

of environmental factors.
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The main objectives of this study were: 1) to study the variations

among stands of old-growth spruce forest located within a relatively

restricted geographical area, 2) to determine the relationship between

species distribution, vegetational pattern, and such site factors as

slope aspect and slope inclination, and 3) to ascertain the abruptness

of phytosociological change which might permit the recognition of

separate vegetational units. Although spruce forests cover only a small

percentage of the total forested land area in Oregon, and such species

as hemlock and Douglas-fir have replaced spruce as an economic species,

spruce forests are a valuable resource for recreational purposes and

their inherent aesthetic worth. In addition, spruce still has pulp and

other economic values. The maintenance of spruce forests is, therefore,

essential to the tourist and paper industries in Oregon. Thus, the

significance of this study was to provide an ecological record of the

status of old-growth spruce forests regarding their structure and

dynamics for future management and silvicultural practices.

Old-growth, or climax forests, are often referred to as being in

a steady state. Recognition of this steady state condition in forest

communities is commonly based on the analysis of the population struc-

ture of the dominant species, either directly or indirectly through

interpretation of stand structure (Daubenmire, 1968). Where a consis-

tently positive relationship between age and size of trees exists, the

analysis of stand structure is a time-specific method of studying long-

term forest dynamics. The structure and development of the forest are

intimately related and this relationship is made even more evident by

the influence of the physical environment. The contrasting thermal



3

regimes and vegetational characteristics of opposing north-south expo-

sures are apparent to even the casual observer of the natural landscape.

The applications of both ordination and classification techniques

to community data are examples of analytic modeling, the objective of

which is to relate community structure to environmental influences

(Grigal and Goldstein, 1971). This modeling approach to the study of

ecosystems has been enhanced by the increased availability of various

data reduction and interpretation techniques. . The use of ordination

and classification methods are prompted in this study because of the

importance of floristic techniques in providing information about

vegetation-environment relationships, since it is difficult to identify

and measure directly the important environmental factors affecting

species growth and distribution.
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THE STUDY AREA

Location

Within its latitudinal limits, the spruce-hemlock forest occupies

a narrow 2,000 mi-(3,200 km-) long band along the Pacific Coast from

near Coos Bay, Oregon to Prince William Sound, Alaska (Ruth and Harris,

1979). The forest zone in Oregon is only a few kilometers wide, but

along major river valleys, it penetrates further inland (Juday, 1977).

The zone also widens, gradually, from south to north. (Hines, 1971).

For convenience, the Oregon Coast Range is divided into the north-

ern and southern parts; the dividing line is approximately along the

Alsea River (Baldwin, 1964) (Figure 1). The Range extends from the

Columbia River on the north to the Klamath Mountains on the south. The

approximate boundary lies along the Middle Fork of the Coquille River

(Baldwin, 1964). To the west, the Range borders directly on the

Pacific Coast and to the east, is separated from the western Cascades

by the Willamette and South Umpqua Valleys (Figure 2). The western

flank of the Range is characterized by rugged mountainous terrain, bold

headlands along the coast, steep-sided stream valleys in the uplands,

and coastal plains with extensive sand dunes. The major headlands sur-

veyed in this study include from north to south, Tillamook Head, Cape

Lookout, Cascade Head, Cape Perpetua, and Heceta Head. Two headlands

in the northern and one in the southern Coast Range were chosen for

sampling.

Cape Lookout lies at 45° 20' N. latitude and 124° 00' W. longitude..

The 788 ha. (1946 ac.) tract has been developed into a State Park and
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is located off U.S. Highway 101, about 18 km southwest of Tillamook,

via Netarts and Whiskey Creek Road in Tillamook County.

Cascade Head lies at 45° 04' N. latitude and 124° 00' W. longi-

tude. The 4,815 ha. (11,890 ac.) experimental forest forms part of the

Siuslaw National Forest. The experimental forest is located in Tilla-

mook County about 29 km south of Cape Lookout. Access is via U.S.

Highway 101 between Otis Junction and Neskowin. The Neskowin Crest

Research Natural Area located in the northwestern corner of the experi-

mental forest was sampled in this study because it had been established

as an example of a spruce-hemlock forest (Franklin et al., 1972) and

is now part of a biosphere reserve in the Man and Biosphere (MAB) Pro-

gram (R. F. Frenkel, pers. comm.).

Cape Perpetua forms part of the southern Coast Range and lies at

44° 17' N. latitude and 124° 07' W. longitude. The forested land at

Cape Perpetua has also been developed into a National Forest Recreation

site and is located in Lincoln County about 38 km south of Newport.

Access to Cape Perpetua is via U.S. Highway 101, a few kilometers south

of Yachats, towards Florence.

Geology and Soils

The geological history of the Oregon Coast Range dates to the

Paleocene and early Eocene when the earliest formations occurred. In

its present expression, the Coast Range is physiographically diversi-

fied and includes headlands, intrusive rocks, spits, dikes, terraces,

and sand dunes. These features have resulted from continuous geologic

activities since early Eocene when the Coast Range lay in a large
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geosyncline with its eastern margin covered by flows of the Cascade

Range (Baldwin, 1964).

During the early Eocene, volcanic activity was at its peak.

Materials in the form of submarine flows, breccias, and tuffaceous

sediments from the west merged with sediments from the east. Volcanism

diminished somewhat in the mid Eocene but increased again in the late

Eocene. Centers of volcanic activity produced flows that interfingered

with widespread tuffaceous sedimentary rock. The oldest formation ex-

posed in the Coast Range resulted from basalt extrusion upon the floor

of the sea, which on cooling, formed pillow lavas, tuffs, and breccias.

Most of the coast is bordered by marine terraces which form verti-

cal bluffs along the coast. The continuity of coastal terraces is

broken by bold headlands in several places. These headlands rise

abruptly from sea level to elevations of 122 to 213 meters. Cascade

Head fronts the sea with a nearly vertical bluff of 122 m and Cape

Perpetua has steep slopes up to 213 m in height. Volcanic rock of

basaltic composition forms the headlands at all three locations where

this study was conducted.

Cape Lookout is underlain by resistant basalts of the Columbia

River Group (Mangum, 1967) and includes the Columbia River lava of

Warren et al. (1945). It is also equivalent to part of the middle

Miocene basalt of Wells and Peck (1961). The unit itself consists pri-

marily of basaltic breccia, palogonite breccia, basaltic flow rocks,

and pillow lavas. The basalts are theoleiitic in composition and are

petrochemically similar to the Yakima Basalt according to Snavely et

al. (1971). On Cape Lookout, the resistant basalts of the Columbia
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River Group intruded less resistant fine-grained clastic sediments of

the late Miocene Astoria Formation. This formation is basically com-

posed of semi-consolidated to hard, thick-bedded, buff-weathering

micaceous, arkosic sandstone locally interbedded with thin layers of

silts tone.

Cascade Head is made up of late Eocene volcanic basalt which con-

sists primarily of fine-grained to glassy basaltic breccias and lapilli

tuffs with intercalated siltstone. Scattered phenocrysts consist of

plagioclase, augite, and olivine. The volcanic basalt is interbedded

within another formation. The Nestucca Formation is made up of brack-

ish water and marine tuffaceous shale, siltstone, and sandstone over-

lying the much older Siletz River Volcanics (Baldwin, 1964). The

Siletz River volcanic series consists chiefly of ferromagnesium lava

flows but includes flow breccias, pyroclastic rocks, and small amounts

of sedimentary beds. Dark greenish-gray aphanitic to porphyritic

basalt rock predominates in the flows (Snavely and Baldwin, 1948).

Cape Perpetua is located in one of the most rugged areas of the

Oregon Coast. The basalt bedrock was extruded in the form of lava

flows and pyroclastic fragments from numerous centers during late

Eocene. The geologic unit is described as the Yachats Basalt by

Snavely and MacLeod (1974). The Yachats Basalt is composed of a

heterogeneous assemblage of subaerial and submarine volcaniclastic

rocks and flows. The assemblage contains subaerial porphyritic basalt

and basaltic-andesite flows with flow breccia developed in the upper

and lower parts of the flow units (Snavely et al., 1972; Snavely and

MacLeod, 1974). The flows commonly display irregular jointing and
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occasionally columnar jointing. Plagioclase is the most common pheno-

cryst.

Soils vary by latitude within the Sitka spruce zone but in the

Oregon Coast Range, Inceptisols and Ultisols are the most widespread

soils (Ruth and Harris, 1979). Over most of the Coast Range, soils

derived from basalt are Haplumbrepts. Soils in the study area are now

being, or have recently been, mapped or classified into series, but

most of them have been placed in the same great group, Haplumbrept.

The only other great group represented in the area but to a lesser ex-

tent is Dystrandept, often found mixed with Haplumbrepts on gentle

slopes. A profile description of the Salander series on Cape Perpetua,

classified as Medial, mesic Typic Dystrandept, is given in Appendix 1.

Umbrept soils were formerly classified as Brown Forest Soils (Sols

Bruns Acides). They are Inceptisols with acid, dark reddish or brownish,

freely drained, organic-matter-rich surface horizons, and subsurface

horizons that have lost mineral materials and that are low in bases.

A soil survey in Tillamook County showed the Astoria and Hembre series

to occupy most of the forested hilly and mountainous areas adjacentto

the bottomlands along the rivers and coast (Bowlsby and Swanson, 1964).

The Astoria series is classed as a member of a fine, mixed, mesic

family of Andic Haplumbrepts and the Hembre soils are members of a fine-

loamy, mixed, mesic family of Typic Haplumbrepts (Soil Survey Staff,

1967).

In areas where the basaltic parent material is interbedded with

shale, siltstone, or sandstone, the soils show a wide range of charac-

teristics despite the fact that most are classified as Haplumbrepts
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(Franklin and Dyrness, 1973). Recently, soils of the coastal fog belt

in Oregon have been reclassified into the isomesic soil temperature

family (less than 5°C difference between mean summer and winter tempera-

tures). Those formerly classified as Haplumbrepts are now Dystropepts

(G. H. Simonson, pers. comm.).

Climate

The study area falls within the fog subregion of Becking's (1954)

climatic zonation and is characterized by a strong, oceanic influence.

The degree of influence varies considerably from place to place,

especially with changes in .elevation and distance inland from the coast.

The overall climate, however, may be described as maritime with abun-

dant moisture most of the year, relatively mild winter temperatures,

and cool summers.

The climate is largely controlled by the position and intensity of

high and low pressure systems over the North Pacific Ocean. Moist

maritime air masses move inland from the ocean and release much of

their moisture as they rise over the Coast Range. The prevailing winds

are generally from the south and southwest during the winter, -then

gradually reversing to the north and northwest in the summer.

Total annual precipitation is high, averaging around 250 cm, of

which about 16.3 cm falls from June through August at Otis, Oregon

(Table 1). Precipitation accompanies cyclonic, low pressure systems

that approach from the sea, carried by the prevailing westerlies. .

During the fall and winter, low pressure systems form in the North

Pacific Ocean. Counter-clockwise air circulation around these low
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pressure systems results in a prevailing southwesterly air flow. This

results in a wet season from mid-October to mid-April. During mid- to

late spring, low pressure centers move further toward the Gulf of

Alaska and are gradually replaced by high pressure systems with their

clockwise circulation of air, resulting in a prevailing northwesterly

flow of air. The air is more stable and becomes warmer and drier as

it moves inland, resulting in less frequent precipitation. Nonetheless,

a drought period is absent in the summer because during this time, fog

and moist maritime air maintain moist conditions. On most warm summer

days, fog envelops coastal lowlands and headlands, and with offshore

wind, may penetrate for 20 mi (30 km) up the longer drainages (Ruth

and Harris, 1979). Fog intensity and inland penetration are inversely

related to maximum interior daytime temperatures except during periods

when onshore winds prevent marine air from approaching the coast. Fog

collects on tree crowns and drips to the ground, adding as much as 25

percent to the total precipitation reaching the ground (Isaac, 1946).

Fog dissipation usually occurs by mid-morning in areas of deepest pene-

tration but low clouds commonly persist throughout the day along

coastal sections. Periods of snow and heavy freezing are rare and vary

with elevation. Along the coast, the average annual snowfall is only

one to three inches (2.5 to 7.6 cm), with many years when there is no

measurable amount.

Temperatures in the coastal section of the Range seldom drop as

low as zero (0°F or -18°C) and on very few occasions, pass the 100°F

(38°C) mark. Generally, the mean of the coldest month (January) is 15

to 25°F lower than that of July, the warmest month. There is less
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diurnal and seasonal fluctuations along the coast than elsewhere due to

marine air masses. Thus, winter temperatures are mild and summer

temperatures tend to be cool and equable.

Table 1 presents representative climatic data for the Sitka spruce

zone. Average annual precipitation and summer (July-August) average

precipitation increases from south to north. Mean winter (January)

temperature is higher in the south than in the north.

Winds of hurricane force (74 mph or 119 km/h) strike the Oregon

Coast several times each year. Average wind velocities range from 15-

25 mph (24-40 km/h), but winter gusts of up to 100 mph (160 km/h) or

more, are occasionally recorded. Damage to timber from winds can be

quite substantial.

Vegetation

The vegetation of the Oregon Coast Range has been classified into

zones by various authors. The three locations chosen for this study

fall within the Picea sitchensis zone of Franklin and Dyrness (1973),

the coastal Sitka spruce type of Frenkel (1974), and the Sitka spruce

zone of Juday (1977). Irrespective of the author, however, the zone is

characterized by Picea sitchensis, a dominant or co-dominant canopy

species. Other prominent tree species associated with Sitka spruce

include Tsuga heterophylla, Pseuautsuga menziesii, Thuja plicata, and

Alnus rubra. Tree species occur in various combinations but the exact

forest composition is influenced by habitat conditions, history of

stand establishment, and successional stage. For example, Becking'

(1954) and Schmidt (1960) have suggested that P. menziesii is not a



TABLE 1. REPRESENTATIVE CLIMATIC DATA FROM STATIONS WITHIN SITKA SPRUCE ZONE IN A GRADIENT

From South to North

Source: U.S. Weather Bureau (1965)

STATION

riis
UvI
Ogg H

g .P
r4C cd

-1--1

e) H
bi) p..,t ,--i
;-I c..)

0 0
> ;-I

r4C 0-

g
O

-1-1t
-,-)

.H
!al

u
0

,4 $-1

.p a4H
3 -1--)0
,4 0
-P ,4
g bi)0 Hx

ba ,---,t E
!-i u0 s,
?¢ 0o
.P .H
0 4.1

cd
bi) -1--)t H
-tt P-i

I H
0 c..)

g e)t ;-I
1--) ra4

E
U

V1 (.1
>,t
m A

g0 o
Z H

-1-)I t
.H

g P-I'
(r-i
0

0 ;-i
b4 0.t
;-I .-.

0 -I--)

? r-I
r:C 3

C.)
(),,

.I (1)

1
g -I--)

g t
",z ;-1

0
g PAt E0 0
X E-,

E C..)
.H ()x s't 0

$-1

>,
.--1 -1-)t
1-') ;.-1

0
g PA
cd E
(1) (i)

EH

c...)
0

$-1

cd
$-1o

>, ca.
$-1 Et0

H
gt E

1-')
Eg Ht g0 H

&

>,
Cdm0
0
Z
g
cd
a)
:2

$-1

4..)

$1

P,
E0
H
.-g
-P
mi
3

C.)
o
C \ I

.
c\i
tr)

A

g0g H
0 4.1H t
-1-1 ?
cd ii)
4-.1 .--1
co r..1.1

g0H
-1-1

cd
-1--)

co

Z
a)rt

4.1
r-I

-1-.1

cd

g0H
-Pt
-I--)
co

a)rtt
-PH
bl)
g0
.4

Florence 3 NNW

Newport

Otis 2 NE

Tillamook

165

168

250

227

Jan.

Dec.

Jan.

Dec.

8.2

10.5

16.3

15.0

- -

134

151

147

- -

10.5

10.3

10.3

- -

17.7

20.9

20.2

- -

3.2

2.2

1.8

- -

Fraction

1

1

15

41

45

10

44°

44°

450

45°

00'

38'

02'

27'

124°

124°

123°

123°

07'

04'

56'

49'



15

component of numerous stands within the coastal fog belt because the

climate had discouraged fires, a necessary prerequisite for P. menziesii

establishment before man's logging activities began opening the canopy.

A. rubra is recognized as a species on recently disturbed sites and T.

plicata is found on wet sites (Franklin and Dyrness, 1973). In the old-

growth stands of the three headlands sampled, only P. sitchensis and T.

heterophylla were encountered. Other tree species found in the zone

have been listed by Ruth and Harris (1979).

The composition of the understory vegetation varied only slightly

from one stand to the other. The common species include Polysticum

munitum, Oxalis oregana, Maianthemum dilatatum, Montia sibirica,

Tiarella trifoliata, Viola sempervirens, Vaccinium parvifolium, Vac-

cinium ovalifolium, and Menziesia ferruginea. On moist sites, the pre-

viously mentioned species occur along with Athyrium filix-femina,

Blechnum spicant, Dryopteris austriaca, Sambucus racemosa var. arbores-

cens, and Oplopanax horridum. Gaultheria shallon and Vaccinium ovatum

are found on steep slopes facing the ocean or within about 3 km of the

ocean.

A number of plant community types, both seral and climax, have

been recognized in the Sitka spruce zone. Seral communities and suc-

cessional patterns have been described by Meurisse and Youngberg (1971),

Meurisse (1972), Newton et al. (1968), Franklin and Pechanec (1968),

and Henderson (1970). Most of the understory species listed for the

old-growth forest are also found in most of the seral communities des-

cribed by these authors.
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The limited studies conducted on old-growth forests in the Sitka

spruce zone in Oregon seem to suggest only two or three community types.

However, Kratz (1975), working in the Olympic National Park in Washing-

ton, was able to recognize and describe eight community types. Hines

(1971) and Juday (1977) have both recognized a Tsuga herterophylla-

Picea sitchensis/Gaultheria shallon/Blechnum spicant community occurring

adjacent to the coast. Further inland and on higher elevations, Hines

(1971) recognized a Tsuga heterophylla-Picea sitchensis/Oplopanax

horridum/Althyrium filix-femina community type which has similar fea-

tures as the Tsuga heterophylla-Pseudotsuga menziesii-Picea sitchensis/

Polysticum munitum-Eurynchium oreganum-Plagiothecium undulatum associa-

tion described by Juday (1977). The third association, Picea sitchensis-

Tsuga heterophylla/Polysticum munitum-Blechnum spicant, was recognized

by Juday (1977) on the coastal headlands.

History of Disturbance

The natural history of the Oregon Coast Range can be read in its

forests. Fire, wind, And timber harvest have all made their mark. Fire

scars on trees are evidence of the fact that fire has played an impor-

tant role in the present extent and distribution of old-growth forests.

Documentation of the timing and extent of earlier wildfires prior to the

1933 Tillamook Burn is rather scanty. Perhaps the most complete recon-

struction of the Coast Range fire history was made by Morris (1934).

Though the exact dates and sizes of many fires could not be agreed upon,

the fact remains that large fires have occurred frequently since the

arrival of the white settlers in about 1849. In the Neskowin Crest
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Research Natural Area, the dominance of 130-year-old spruce and hemlock

indicates the area has been subject to occasional fires. The last major

conflagration occurring about 1845.

The Nestucca fire, occurring sometime during the 1840's, covered

approximately 380,000 acres. The southern periphery extended as far

south as Cascade Head and the Salmon River drainage (Morris, 1934;

Munger, 1944). Together, the Tillamook and Nestucca fires burned an

area of more than 1,000 square miles. "Islands" of old-growth timber

that escaped the crown fires are available but fire scars on some of the

trees indicate that many remnant stands were affected by ground fires at

one time or the other.

Tree damage from frequent high winds during winter storms is com-

mon in the spruce-hemlock forest along the Oregon Coast. Severe winds

often break many old-growth spruce at 2 to 5 m (6 to 15 ft) above

ground level (Franklin et al., 1972). Gale-force winds often uproot

whole trees creating a pit-and-mound microtopography. Evidently trees

respond to the stress of strong onshore winds by producing heavier

trunks and bigger roots on the lee side. But even this is not enough

protection from gale-force winds. Windthrow, however, is considered to

be an important phenomenon in these forests as the uprooted trees, with

time, become an important seedbed or "nurse-logs" for the regeneration

of trees and shrubs (Sharpe, 1956; Hines, 1971).

Logging has also contributed to the limited extent of old-growth

forests in the Coast Range. Commercial logging began in earnest during

the First World War which produced a demand for Sitka spruce. The ad-

vent of the Second World War increased this demand which led to
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widespread cutting on the Siuslaw National Forest and Bureau of Land

Management resource lands. However, there is no evidence of possible

human disturbance in the stands sampled although nearby clear-cut areas

were evident.

1151 or vascular plants was eumpilea. nomenclature ror the plants
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METHODS

Selection of Stands

The spruce forests of the Oregon Coast Range are almost devoid of

old-growth stands. A reconnaissance survey conducted in the summer of

1978 and covering about 212 km of coastline from Tillamook Head to

Heceta Head, soon showed that most of the sites were stocked with

second generation forests. Isolated pockets of old-growth stands were

occasionally encountered in these forests. Selection of sites was

based mainly on two factors: (1) whether or not information existed

which could be used to locate the scanty old-growth stands, and (2)

whether or not management was committed to the preservation of the sites

for, at least, the duration of this research. These sites were chosen

for study after the survey: Cape Lookout State Park and Neskowin Crest

Research Natural Area in the northern Coast Range, and Cape Perpetua

National Forest recreation site in the southern Coast Range.

Stand selection within the chosen sites was based on the following

criteria: (1) 1 ha. in size with a surrounding forest buffer zone of

at least 6 ha., (2) undisturbed by cutting or thinning, (3) apparently

homogeneous in both composition and environmental properties, and (4)

undisturbed by fire during the last 100 years. Since the Research

Natural Area (RNA) was the most extensive and the least disturbed site,

43% of the stands were located in the RNA and these served as a "con-

trol" for the selection of other stands in the two remaining sites. A

total of 35 stands was selected (Appendix 2) and a partial species

list of vascular plants was compiled. Nomenclature for the plants
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follows Hitchcock and Cronquist (1974).

Stand Structure

One objective of the quantitative plot method is to analyze and in-

terpret the trend of numbers of individuals in size classes of the tree

species in the stand (Mueller - Dombois and Ellenberg, 1974). In this

regard, a representative 0.1 ha. circular plot was delimited within each

of the selected stands. These plots were chosen objectively but not

randomly. Random sampling was not feasible because of the rugged ter-

rain of the forest areas, the spotty occurrence, and often, hard-to-

reach old-growth stands. Even more important were the objectives for

plot delineation. These were: (1) to include as much variation in

species composition and habitat as could be discerned, (2) plots on

upland, well-drained soils (draws were not sampled), (3) presence of a

main canopy of trees at least 250 years old, and (4) tree species-

composition "representative" of the spruce-hemlock forest type.

In each 0.1 ha. circular plot, a diameter tape was used to tally

all woody plants with a central stem > 10 cm at 1.4 m above the forest

floor. This was the tree stratum. Smaller trees (between 2.5 and 10

cm dbh) and saplings (between 80 cm height and 2.5 cm dbh) were counted.

A total of 70 individuals of each tree species in all plots, ranging in

dbh from 10 to 40 cm was cored with an increment borer for age deter-

mination. Also, ring counts on tree stumps in nearby areas that had

been clear-cut were used for age-determination. By means of an Abney

Level and measuring tape, the height of four trees was measured to

determine the general height of the canopy in each plot. Importance
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values for the tree species were determined as the sum of the relative

basal area and relative density.

Tree Reproduction

Tree seedlings less than 80 cm tall were tallied by height in

special nested circular plots. Tapes were laid out along the four car-

dinal directions from the center of each macroplot and at the 9-m mark

along each tape, a reproductive plot measuring 12.5 m
2
in area was

delineated (Figure 3). Tree seedlings were also counted in 0.1 m
2

rectangular metal frames placed at 1-m intervals along Class 3 logs

(Fogel et al., 1972). To avoid marked discontinuities in seedling counts

when the microplots extended over the sides of the logs, only logs with

diameters between 50 cm and 3 m were sampled. In all, 30 logs were

sampled with a total of 180 microplots.

Understory Vegetation

The shrubs and herbs were sampled along line intercepts represen-

ted by tapes along each of the four primary radii of the macroplot.

Each intercept measured 15 m. Saplings and shrubs were recorded by

frequency from the 2-m mark and at 1-m intervals to the 17-m mark.

Cover estimates were also made along each intercept (Canfield, 1941).

Frequency determinations and cover estimates of herbs were made in 2 x

5 dm microplots. Fifteen microplots were placed at 1-m intervals along

each intercept. Thus, a total of 60 m of line intercept was used for

the cover estimation of shrubs and'a total of 60 microplots for the

cover estimation of herbs in each 0.1 ha. macroplot (Figure 3). The
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MICROPLOT (15 ON EACH
LINE INTERCEPT)

LINE INTERCEPT (TOTAL
60m PER PLOT)

SEEDLING SUBPLOT

0.1 ha MACROPLOT

Fig. 3 Plot arrangement used in sampling the vegetation (not drawn to
scale).
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frequency of species was recorded separately for pits and mounds when-

ever these were encountered within a macroplot. A 1 m
2
plot placed

approximately at the center of a pit or mound was used in sampling.

The importance values for the shrub and herb species were determined as

the sum of the relative cover and relative frequency.

Environmental Factors

Two topographic parameters were determined on each macroplot.

Slope aspect was determined with a compass corrected for magnetic

declination and the mean slope inclination was calculated by averaging

five Abney level readings per plot. Aspect in terms of azimuth cannot

be interpreted in a meaningful way when analyzed statistically by

correlation and regression procedures. To circumvent this problem,

aspect was converted to a relative moisture value. A scale from 1-16

was used with SSW(1) the driest aspect and NNE(16) the wettest (Appen-

dix 3). The scale was derived from slope aspect-moisture regimes

suggested by Whittaker (1956, 1960) for the Great Smoky Mountains of

Tennessee and North Carolina, the Santa Catalina Mountains of Arizona,

and the Siskiyou Mountains of Oregon and California. It should be

pointed out, however, that the derived scale fortuitously relates to

wind direction as well. Winter storms from the North Pacific Ocean

approach the coast by a southwesterly air flow.

Although Potential Solar Beam Irradiation (PSBI) usually differs

appreciably from actual irradiation, it is an appropriate basis for

comparing the energy flux among the different facets of a landscape.

PSBI values, expressed in 10
3
x langleys (g calories/m

2
day) per year,
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were obtained for each plot by interpolation from tables prepared by

Frank and Lee (1966). These values provide an indirect, integrated

measure of slope inclination and aspect.

One effect of wind in the forest is wind-throwing, shown by pit-

and-mound tipography (i.e., microtopography). The occurrence of pit-

and-mound topography was rated as 1 (none) to 4 (pronounced) on each

plot (Appendix 4).

Shade or extent of overstory cover either directly or indirectly

affects natural regeneration by controlling seedling establishment

(Ruth and Harris, 1979). Thus, the extent of illumination on each plot

was visually assessed and the plot was given an illumination index 1

(full sunlight) to 4 (dense shade) (Appendix 5).

A soil profile description was made within each visually deter-

mined community-type. Soil profiles were also described to reflect

differences in slope aspect and slope angle within a community-type,

wherever possible. Procedures outlined in the Soil Survey Manual

(1951) were followed in the profile descriptions. A total of 15 soil

pits were excavated close to the center of representative plots. Each

pit was dug to bedrock or 1.5 m. Soil profile descriptions include the

thickness, color, structure, consistence of each horizon, root distri-

bution in each profile, and maximum rooting zone.

Analytical Procedures

Data Reduction and Transformation

The data set resulting from the vegetation sampling included in

formation on 46 species from 35 plots. The entire data set was used in
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some of the preliminary analyses, but it soon became apparent that some

reduction of the data was necessary in order to obtain meaningful re-

sults. First, Sitka spruce and western hemlock were eliminated from

the data matrix used for the ordinations and clustering analysis. Ob-

viously, since these were the only tree species encountered in all the

plots, their importance percentages were very high compared to the im-

portance percentages of the remaining 44 shrub and herb species. It

should be noted, however, that this disparity in species importance

values would have had no effect on the outcome of the ordination using

reciprocal averaging. This is because one of the algorithms of reci-

procal averaging produces iterative, back-and-forth weighting of samples

by the species occurring in them, and of species by their occurrence in

samples, to provide an optimal ordering of samples and species in rela-

tion to each other.

The second way of reducing the data set was by the elimination of

rare species. Rare species contain little ordination information but

do contribute to distortion effects (van Groenewoud, 1976) probably due

to the resultant large number of zero entries in the data matrix.

Therefore, species with fewer than five occurrences were deleted. The

reduced data set contained 26 species and 35 plots.

In spite of the implicit assumption of normality in multivariate

analysis, most ordinations and classifications are preceded by data

transformation. Logarithmic transformation was used to reduce

dominance effects and to improve normality. Williams (1976) suggests

logarithmic transformations for data to be treated by polar ordinations

or when distance metrics are employed. All ordinations and clustering
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analysis were based on logio importance values of shrubs and herbs

calculated from relative cover and relative frequency. All transformed

data were further standardized by species and stand before the ordina-

tions were carried out.

Ordination

Ordination by compositional data using any of a number of multi-

variate methods provides a useful technique for exploring patterns in

phytosociological data (Whittaker, 1973; Orloci, 1975). Typically,

these techniques provide a means of representing relationships between

stands in a small number of dimensions with minimal distortion or loss

of information. Three ordination techniques were used in this study

and they all form part of a flexible computer program called ORDIFLEX

(Gauch, 1977).

The Wisconsin polar ordination (PO) (Bray and Curtis, 1957) using

coefficient of dissimilarity has been found to be the best general

method (Gauch and Whittaker, 1972) so far as choice of a similarity

measure is concerned. Some workers (Noy-Meir et al., 1975), however,

have pointed out that the performance of PO is not primarily a conse-

quence of the distance measures used, as suggested by Orloci (1974,

1975), but rather a more fundamental consequence of the definition of

axes by end-points. In view of this disagreement, both computer-

specified and user-specified end-points were used for the first PO axis.

The computer-selected end-points make use of the procedure of Bray and

Curtis (1957). The user-specified end-points were based on ecological

considerations. All polar ordinations employed the percent
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dissimilarity between stands, a metric that produces the fewest distor-

tions (Whittaker and Gauch, 1978).

Conceptually, principal components analysis (PCA) (Orloci, 1966,

1975) provides a valuable approach to the problem of representing sim-

ply complex vegetational data (Pielou, 1969). Numerous investigations

have shown, however, that the nonlinearity of vegetational data can

result in severe contortion of one-dimensional environmental gradients

into several dimensional curves in the compositional space used by PCA,

thus obfuscating the underlying ecological patterns (Austin, 1972; Beals,

1973; Gauch and Whittaker, 1972; Jeglum et al., 1971; Swan, 1970;

Whittaker and Gauch, 1973). This drawback of PCA suggests the impor-

tance of checking the validity of results obtained through a third

ordination technique which is much less prone to distortion. There are

several forms of PCA that vary depending upon whether or not the data

are centered and standardized prior to analysis. All data were ana-

lyzed by centered and standardized PCA.

Work by Gauch et al. (1977) and Peet (1975) has shown correspon-

dence analysis or reciprocal averaging (RA) (Hilq, 1973, 1974) to be

particularly effective ordination technique for representing vegeta-

tional variation while retaining ecological interpretability. It is

less sensitive to beta diversity than PCA and uses Chi-square as the

implied distance measure. Unfortunately, RA frequently does not pro-

vide a second axis which is interpretable in terms of additional envi-

ronmental gradients (Gauch et al., 1977; Hill, 1973; Peet, 1975).
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Classification

Classification or cluster analysis techniques have been utilized

to identify phytosociological relationships among samples or units

(West, 1966) and to serve as a basis for vegetation types about which

statements can be made and to reduce redundancy (Goodall, 1973). Gower

(1967) distinguishes between divisive and agglomerative methods. The

CLUSB computer program used in this study is a nonhierarchical divisive

technique which proceeds with clustering units from a general to a more

detailed level of inclusiveness by subdivisioning.

Regressions and Correlations

The use of size class analysis to interpret stand dynamics is

based on the assumption of a consistently positive relationship between

diameter and age. Thus, linear and log-transformed regressions were

performed on diameter-age data for Picea sitchensis and Tsuga hetero-

phylla. Both the negative power and negative exponential functions

were used for the analysis. Stems > 10 cm were grouped into size

classes, and for each type of regression, the appropriate logarithmic
a

transformations were used to linearize the data prior to analysis. The

negative exponential model is: Y = Yo e
-bx

, where Y is the number in

any size-class X, Yo is the initial input into the population at time

zero, and b is the depletion or mortality rate. This model assumes a

constant mortality and has been shown to be a good model for describing

seedling population dynamics (Hett and Loucks, 1976) and has been

widely used in analysis of age and size structure of forests. The nega-

tive power function which assumes a declining mortality rate is:
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Y = Yo X
-b

and has been successfully applied to tree populations in

mature stands (Hett and Loucks, 1976; Leak, 1975). Because the declin-

ing mortality rate seemed more realistic biologically, this model was

used for graphic representation of the size-class structure of spruce

and hemlock from the three sites.

Stand characteristics were analyzed by regression analysis with

density and basal area per plot of spruce and hemlock as dependent

variables and slope, linear aspect, PSBI, pit and mound index, and

illumination index as independent variables. Bivariate linear correla-

tion coefficients were computed for cases where the environmental vari-

ables were dependent. For instance, the estimation of PSBI depended on

both slope aspect and slope inclination and, therefore, could not be

used as an independent factor in a regression analysis which utilized

slope and aspect as independent factors. The relationship between the

supposedly independent factors was established by correlation analysis.

The problem of relating environmental factors to an ordination

representation of phytosociological data in such a way that simple,

unifactorial gradients can be extracted accounting for a large percen

tage of the information present has no unique solution. To determine

the relative importance of the environmental factors in controlling

stand composition, all site environmental data were subjected to re-

gression and correlation analysis with the first two axes.
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RESULTS AND INTERPRETATION

Floristic Structure

A total of 46 vascular plants encountered in 35 plots contributed

to the floristic structure of old-growth spruce forests in the Oregon

Coast Range. Only spruce and hemlock formed the overstory vegetation.

Appendix 6 lists all the species encountered along with four-letter

abbreviation codes developed for field and computer handling of the

data. Mosses and liverworts were grouped together as bryoids for ease

of cover estimates.

Table 2 summarizes the density and basal area of trees per plot

from the study sites. Cascade Head had the highest total basal area

(80.23 m2 ha-1) and Cape Lookout, the least (45.39 m2 ha-1). The total

tree density per plot did not show much variation from site to site.

At each site spruce had a higher basal area and a lower density than

hemlock. Thus, if basal area is used as an estimate of dominance

(Curtis, 1959) by virtue of the fact that it gives some indication of

biomass, then the ecological dominant is spruce regardless of its lower

density. The rather low basal area of hemlock at Cape Lookout (8.81 m
2

ha
-1
) and Cape Perpetua (15.45 m

2
ha

-1
) as compared to Cascade Head

(35.96 m
2

ha
-1
) may indicate some sort of adverse conditions at the

former sites which seem to limit productivity quite drastically in hem-

lock.

Tables 3, 4, and 5 present the cover and frequency values of the

understory vegetation. Most of the species contributing to the under-

story vegetation were found at all three sites. Thus, the complete
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absence of Gaultheria shallon and Vaccinium ovatum at Cascade Head might

be of significance. Similarly, the absence of Oplopanax hor -ridum at

Cape Lookout and Cape Perpetua cannot be overlooked. Among the shrubs

Vaccinium parvifolium and Menziesia ferruginea seem to dominate whereas

Oxalis oregana and Montia sibirica cover much of the forest floor. Out

of the five species of ferns encountered Polystichum munitum was by far

the most dominant with Blechnum spicant gaining prominence at Cape Look-

out and Cape Perpetua. A few grass species were found in some of the

more open stands and Melica subulata was in all cases the only one with

any significant cover. Mosses were quite abundant on the forest floor

and on rotten logs and tree stumps.

TABLE 2. ABSOLUTE AND RELATIVE BASAL AREA AND DENSITY OF SPRUCE AND
HEMLOCK FROM THREE SAMPLING SITES

Sampling Abs. Basal Rel. Basal Absolute Density Relative
Site* Species Area (m2ha-1) Area (%) Per plot Per ha. Density(%)

Cascade Spruce 44.27 55 8.33 83.33 32

Head
(15) Hemlock 35.96 45 18.00 180.00 68

Total 80.23 100 26.33 263.33 100

Cape Spruce 36.58 81 11.80 118.00 47

Lookout
(10) Hemlock 8.81 19 13.20 132.00 53

Total 45.39 100 25.00 250.00 100

Cape Spruce 40.12 72 9.84 98.40 40
Perpetua
(10) Hemlock 15.45 28 15.03 150.30 60

Total 55.57 100 24.87 248.70 100

* = Number of plots per site in parenthesis.



32

TABLE 3. MEAN COVER AND FREQUENCY VALUES FOR UNDERSTORY VEGETATION AT
CASCADE HEAD

Stratum & Species Mean Cover (%) Mean Frequency (%)

SHRUB

Menziesia ferruginea 8.5 8.6

Vaccinium parvifolium 7.8 9.1

Sambucus racemosa 7.5 10.0

Oplopanax horridum 4.2 10.2

Rubus spectabilis 4.0 5.0

Vaccinium ovalifolium 3.0 3.6

Rubus nivalis TR 3.6

Rubus parviflorus TR 2.0

HERB

Oxalis oregana 24.5 89.0

Polystichum munitum 21.4 26.1

Bryoids** 14.2 52.3

Montia sibirica 14.1 57.9

Melica subulata 6.3 34.6

Maianthemum dilatatum 3.3 27.3

Stachys mexicana 3.1 10.0

Blechnum spicant 2.5 10.9

Clintonia uniflora 1.3 10.4

Bromus sp. 1.0 5.5

Disporum smithii 1.0 5.5

Actaea rubra TR 2.0

Athyrium filix-femina TR 2.5

Luzula parviflora TR 3.0

Lysichitum americanum TR 2.0

Pteridium aquilinum TR 3.0

Streptopus amplexifolius TR 2.0

Tiarella trifoliata TR 1.0
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Table 3. Continued

Stratum & Species Mean Cover (%) Mean Frequency (%)

HERB

Achlys triphylla*

Asarum caudatum*

Coptis laciniata*

Dicentra formosa*

Galium trifidum*

Goodyera oblongifolia*

Mimulus guttatus*

Poa sp.*

Smilacina stellata*

Trientalis latifolia*

Trillium ovatum*

Trisetum cernuum*

Viola sempervirens*

TR = trace (species with less than l% cover).

*

= species present in macroplot but not encountered in subsampling for
herbs.

**
= mosses and liverworts.
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TABLE 4. MEAN COVER AND FREQUENCY VALUES FOR UNDERSTORY VEGETATION AT
CAPE LOOKOUT

Stratum & Species Mean Cover (%) Mean Frequency (%)

SHRUB

Sambucus racemosa 10.0 12.0

Vaccinium parvifolium 6.0 7.4

Rubus spectabilis 4.0 10.0

Gaultheria shallon 4.0 10.3

Menziesia ferruginea 3.6 5.0

Vaccinium ovalifolium 2.6 4.0

Vaccinium ovatum' TR 10.0

Rubus parviflorus* -

HERB

Polystichum munitum 42.8 68.8

Oxalis oregana 15.0 48.3

Blechnum spicant 14.8 44.8

Bryoids** 5.8 15.6

Montia sibirica 4.7 18.0

Maianthemum dilatatum 2.7 24.0

Dryopteris austriaca 1.8 7.3

Trillium ovatum 1.1 4.3

Melica subulata 1.0 3.0

Stachys mexicana 1.0 3.0

Athyrium filix-femina TR 10.0

Pteridium aquilinum TR 5.0
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Table 4. Continued

Stratum & Species Mean Cover (%) Mean Fregency (%)

HERB

Asarum caudatum TR 3.0

Disporum smithii TR 2.5

Viola sempervirens TR 2.5

Tiarella trifoliata TR 2.0

Clintonia uniflora* - - - - - -

Galium trifidum* - - - - - -

Listera cordata* - - - - - -

Luzula parviflora* - - - - - -

Lysichitum americanum*

Streptopus amplexifolius* - -

Tiarella unifoliata* - -

TR = trace (species with less than 1% cover).

*

= species present in macroplot but not encountered in subsampling for
herbs.

**
= mosses and liverworts.
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TABLE 5, MEAN COVER AND FREQUENCY VALUES FOR UNDERSTORY VEGETATION AT
CAPE PERPETUA

Stratum & Species Mean Cover (%) Mean Frequency (%)

SHRUB

Gaultheria shallon

Vaccinium parvifolium

Vaccinium ovalifolium

Menziesia ferruginea

Vaccinium ovatum

Rubus spectabilis

Sambucus racemosa

Rubus parviflorus*

15.6 18.0

10.2 11.8

7.8 8.2

4.1 5.0

2.5 6.3

2.5 4.4

1.5 4.0

HERB

Polystichum munitum 56.5 90.0

Blechnum spicant 21.8 51,4

Bryoids** 12.1 26.1

Oxalis oregana 6.9 18.6

Maianthemum dilatatum 4.6 15.8

Montia sibirica 3.7 14.0

Clintonia uniflora 2.2 12.7

Trillium ovatum 2.0 8.2

Tiarella trifoliata 1.6 7.0

Luzula parviflora 1.4 5.6

Galium trifidum 1.1 4.3

Disporum smithii 1.1 4.0
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Table 5. Continued

Stratum & Species Mean Cover (%) Mean Frequency (%)

HERB

Smilacina stellata 1.0 3.5

Stachys mexicana 1.0 2.5

Lysichitum americanum 1.0 2.0

Dryopteris austriaca TR 3.0

Coptis laciniata TR 5.1

Listera cordata TR 3.4

Monotropa uniflora TR 2.8

Athyrium filix-femina*

Streptopus amplexifolius*

Trientalis latifolia* - - -

Viola sempervirens*

TR = trace (species with less than 1% cover).

* = species present in macroplot but not encountered in subsampling for
herbs.

** = mosses and liverworts.
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Stand Structure

If it is assumed that stable species in a steady-state forest must

be able to reproduce in the shade of the forest canopy, then seedlings

and saplings of the stable species must be present in the undergrowth.

Such correspondence of young trees in the undergrowth with the dominants

in the canopy is termed "accordance" (Braun, 1950). Where accordance is

complete, the stable species have an all-age population structure which

gives rise to a characteristic reverse J-curve of age or size distri-

bution (Daubenmire, 1968; Hett and Loucks, 1976). Characterization of

these species is usually based on the visual assessment of frequency

distribution in size-classes; the degree of departure from the ideal

distributions may also be quantitatively assessed.

Figure 4 shows size-structure diagrams and application of the

power function model for plots from the three sampling sites. The

plots from each site were very similar in composition, thus permitting

the combination of data for all plots within a site. The size-classes

shown are as follows: sp, a sapling and smaller tree class, including

all stems where 2.5 cm < dbh < 10 cm; and 1-10, which includes all other

tree classes or those stems with a dbh > 10 cm subdivided into 40-cm

size-classes. The diagrams indicate a marked deviation of spruce and a

modest deviation of hemlock from the reverse J-shaped distribution of

stable species in a steady-state forest. Both species have a rather

low number of stems in the sapling and smaller tree size class. This

condition is more severe in spruce than hemlock. For instance, at

Cascade Head, only seven spruce stems were found in the 10- to 90-cm dbh



39

size-classes. The lack of spruce stems in the 50- to 90-cm size-class

may indicate a disturbance with a resultant reduction in survival at a

given time interval (in this case between 69 and 117 years), or may

suggest episodic or gap-phase-type reproduction. In view of the low

number and sometimes the lack of stems in the smallest tree size-

classes, the diameter distribution of spruce from all three sampling'

sites did not significantly fit the power function model. Consequently,

according to this criterion, spruce apparently is not a stable species.

However, it may be argued that the striking deficiency of the smaller

stems in spruce does not necessarily imply that it is not regenerating

and maintaining its present structure.

Spruce has a reproductive strategy which is inconsistent with the

basic assumption of stand structure analysis which states that in the

absence of numerous saplings and small-diameter stems, a species must

eventually disappear from the stand. Spruce, like hemlock, germinates

readily on organic seedbeds, especially down-logs, but in addition,

spruce requires a higher light intensity for further growth and survi-

val. Thus, when a gap is formed, it takes a relatively small fraction

of the life span of spruce to grow from ground-level into the canopy.

It is also known that where the average length of life is 300 years,

only two or three gaps per hectare, each containing one or two young

stems would be sufficient to perpetuate spruce (Jones, 1945).

The diameter distribution of hemlock at Cascade Head is well

described by the power function model (r = -0.85; P < 0.001); at Cape

Lookout (r = -0.60; P < 0.01) and Cape Perpetua (r = -0.65; P < 0.001)

the distribution significantly fits the model but to a lesser extent
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(Figure 4). When the performance of hemlock is compared for the three

sites (Figure 5), contrasts in stand maturation and environmental

severity become readily apparent. The unfavorable environmental con-

ditions at Cape Lookout and Cape Perpetua are also made manifest by the

comparison of mortality rates using the power function model. The in-

stantaneous mortality rate varies from 0.89 at Cascade Head to 1.11 at

Cape Lookout with Cape Perpetua occupying an intermediate position with

a mortality rate of 0.99. These figures 5uggest that long-term mor-

tality rates of hemlock are higher in stands near the ocean where hem-

lock populations are regarded to be closer to the limits of their salt

tolerance range (Cordes, 1972).

The overall forest structure indicates that both spruce and hem-

lock are stable species. The presence of huge spruce trees up to 60 m

tall and well over 4 m in diameter in the canopy implies that indeed,

old-growth stands were sampled. Ring counts on nearby tree stumps more

than 3 m in diameter indicate ages of at least 450 years. These ages

are probably under estimates since the stump surfaces were rough. It

seems probable that most of the large trees (>2 m estimated dbh) with-

in the forest exceed 250 years.
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Tree Reproduction

The height class distribution of seedlings gives an indication of

the trend of recent reproductive activity. Table 6 compares tree repro-

duction of spruce and hemlock at the three sampling sites. The low

proportion of spruce to hemlock (1:8 at Cascade Head, 1:5 at Cape Look-

out, and 1:6 at Cape Perpetua) suggests a more successful reproductive

activity in hemlock. This success may be attributed to a number of

factors including shade tolerance and germination potential. Western

hemlock is more shade tolerant than spruce (Franklin, 1964; Krajina,

1965; Franklin and Dyrness, 1973) and attains maximum height growth at

lower light intensity levels (Fairbairn and Neustein, 1970). This means

that hemlock has a greater ability to reproduce under the forest canopy

than spruce. In addition, the seeds of hemlock germinate better than

spruce on different seedbeds including moss (Godman, 1953; Phelps, 1973)

and burned mineral soil (Soos and Walters, 1963).

The seedling density of spruce remains more or less constant but

changes quite drastically in hemlock from one site to the other. The

highest hemlock reproduction was at Cascade head (20838 stems ha
-1

) and

the lowest was at Cape Lookout (12580 stems ha
-1

). This reduction in

seedling density apparently reflects an environment which is not too

conducive to hemlock reproduction at the latter site. However, the high

number of hemlock seedlings in the < 5 cm height class and the low num-

bers of seedlings in the 40-80 cm height class suggest that the factors

that affect reproduction of hemlock in these forests do so by limiting

seedling establishment and survival rather than seed germination.
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TABLE 6. HEIGHT CLASS DISTRIBUTION OF SEEDLINGS (STEMS WITH dbh < 2.5
cm AND HEIGHT 4 80 cm) OF SPRUCE AND HEMLOCK FROM THREE SAMP-
LING SITES

Height Range Cascade Head Cape Lookout Cape Perpetua
Class (cm) Spruce Hemlock Spruce Hemlock Spruce Hemlock

1 < 5 29 824 15 426 21 480/

2 5 10 50 551 23 108 30 220

3 10 - 20 62 233 31 56 26 88

4 20 - 40 43 44 42 27 38 37

5 40 - 80 24 15 20 12 18 18

Total 208 1667 131 629 133 843

Number of plots 60 60 40 40 40 40

Number of seed-
lings per ha. 2600 20838 2620 12580 2600 16860

In the reproductive sampling plots, most of the seedlings were

found on decaying logs, organic debris, and duff. Very few seedlings

were encountered on mineral soil and most of them were hemlock. Plots

that were characterized by a sward of Melica subulata, or a fernery of

Polystichum munitum and Blechnum spicant, or a thick carpet of moss and

other herbs such as Oxalis oregana and Montia sibirica, were completely

devoid of both spruce and hemlock seedlings. Most probably, the seed-

lings are suppressed by these species before they get the chance to

become established.

Seed germination and subsequent seedling survival are greatly

affected by seedbed conditions. Both spruce and hemlock readily

germinate and grow on organic seedbeds, especially decaying logs. Thus,

Ruth (1968a) concluded that reduced disturbance of the forest floor may

favor these conifers over Alnus rubra, a seral broadleaf tree, which

does better on mineral soil than on organic seedbeds. Although seeds of
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spruce and hemlock do germinate on mineral soil, subsequent growth and

development of spruce seedlings are inhibited in this substratum. There

may be a variety of environmental factors responsible for this inhibi-

tion, but the important fact is that organic seedbeds are absolutely

essential for spruce to maintain its status in the forest. A walk

through the old-growth spruce forests will soon reveal the importance

of "nurse-logs" to stand structure because most spruce trees show evi-

dence of having originated on decayed or decaying logs.

TABLE 7. HEIGHT CLASS DISTRIBUTION OF SEEDLINGS (STEMS WITH dbh < 2.5
cm AND HEIGHT 80 cm) OF SPRUCE AND HEMLOCK ON CLASS (3)
LOGS*

Nutber of Stems in Species
Height Class Range Spruce Hemlock

1

2

3

4

5

< 5 930 1050

5 - 10 777 852

10 - 20 840 684

20 - 40 412 633

40 80 323 541

Total 3282 3760

= Total log area sampled = 18 m
2

The proportion of spruce to hemlock on logs is almost 1:1 (Table

7) but in the reproductive plots which represent a variety of seedbeds,

the ratio averages 1:6 (Table 6). This emphasizes the suitability of

decaying logs as seedbeds for the germination of spruce seeds. Seed-

ling establishment is also better on decaying logs than on other sub-

strates for both spruce and hemlock. Table 7 shows a gradual drop in

seedling density with increase in height of hemlock seedlings. Table
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6, on the other hand, shows a sharp drop in density from height class

3 to 4 (at Cascade Head) and from height class 2 to 3 (at Cape Lookout

and Cape Perpetua). These remarkable reductions in seedling density

may be attributed to any of a number of factors that limit seedling

establishment. They include drought, surface heat, animal damage,

competition, and disease. More research is needed to establish the

causal factor or factors in this particular case.

Vegetation and Environmental Factors

Slope aspect and slope inclination are known to play a significant

role in determining structural characteristics of vegetation (Whittaker,

1956; Whittaker and Niering, 1965). Similarly, Potential Solar Beam

irradiation (PSBI) is considered to be a fair measure of the solar

climate for different facets of the landscape (Frank and Lee, 1966).

Pit-and-mound topography results from blow-downs and, therefore, is an

indirect way of assessing one aspect of wind damage. Shading, as a

result of crown closure, also influences the understory vegetation in-

cluding seedlings of canopy trees. Table 8 shows the correlation

between stand characteristics and these environmental factors.

Among the environmental factors, slope was positively correlated

with relative moisture value (r = .4640, p < .05) and pit-and-mound

topography (r = .8271, p < .001). Generally, steep slopes have more

moisture and more pits and mounds associated with them than do gentle

slopes. Within the reference of water-holding capacity. and water table,

position on slope has a considerable influence on the proportion of

rainfall retained in the soil. Usually, soils lower down a slope
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receive run-off water from the upper levels. It has been observed that

trees on steep slopes often remain intact, with most wind damage occur-

ring on the flats to leeward (Ruth and Yoder, 1953). However, since

spruce and hemlock have poor anchorage as a result of shallow rooting,

they are more likely to topple over in less severe windstorms when they

are on steep slopes than on gentle slopes. The effects of slope and

aspect cause the greatest systematic differences in the amount of radia-

tion reaching a surface in a hilly terrain covered by forest (Loucks,

1962). Generally, the energy flux of a site as measured by PSBI de-

creases with increase in slope inclination on north-facing slopes and

increases with increase in slope inclination on south-facing slopes.

Potential Solar Beam Irradiation is also negatively correlated

with relative moisture value (r = -.7551, p < .001) and occurrence of

pit-and-mound topography (r = -.5780, p < .01). These correlations may

be interpreted to mean that, within the limits of water-holding capa-

city of soils, the greater amount of radiation that a site receives, the

less the amount of moisture that is retained at that site. Shrubs and

trees are often well represented on mounds (Table 9) and they may

initially reduce the amount of radiation reaching the forest floor.

This relationship may explain the negative correlation between PSBI and

the occurrence of pit-and-mound topography.

The only statistically significant correlations with slope angle

exist for the basal area of hemlock, density of hemlock, and total

basal area per plot (Table 8). If tree density and basal area are con-

sidered as measures of productivity, then the productivity of hemlock

and stand productivity are higher on gentle slopes than on steep slopes.



TABLE 8. RANGES, MEANS, AND STANDARD DEVIATIONS FOR STAND CHARACTERISTICS OF VEGETATION AND PRODUCT-
MOMENT CORRELATIONS BETWEEN THESE VALUES AND FIVE ENVIRONMENTAL FACTORS

Stand Characteristics Range Mean±SD

Correlation Coefficients

Slope (%) PSBI RMV PMT ILL

Basal area of spruce (m
2
ha

-1
) 11.35-118.17 42.35±23.63 -.3028 -.0304 .1361 -.3138 -.1220

Basal area of hemlock (m
2
ha

-1
) 1.13-86.30 29.17±21.47 -.4415* .3050 -.4445* -.3458 -.0816

Total Basal area of trees(m
2
ha

-1
)31.30-154.75 71.52±36.70 -.4350* .1589 -.1783 -.4044 -.0308

Spruce density (stems/plot) 1-18 9.2±5.6 .2842 -.3536 .4396* .1325 -.3124

Hemlock density (stems/plot) 5-29 16.8±6.3 -.4413* .2266 -.2562 -.4435* -.0457

Total tree density (stems/plot) 18-45 26.0±7.1 -.1932 -.0758 .1787 -.2962 -.2848

Shrub species (number/plot) 1-5 3.4±1.2 .0493 .1116 .0494 .1503 -.0674

Herb species (number/plot) 4-12 7.9±1.9 -.3233 .1032 .2243 -.1524 -.2818

Total species (number/plot) 7-17 11.2±2.4 -.2626 .1389 .2029 -.0439 -.2577

Spruce seedlings (number/SO m2) 0.46 9.9±12.1 -.3041 .0527 .2697 -.2421 -.1900

Hemlock seedings (number/SO m2) 0,282 86.6±90.9 -.2805 .1132 -.0296 .0026 .0796

Total seedlings (number/SO m2) 0-304 98.8±99.6 -.3193 .1161 .0009 -.0642 .0333

PSBI = potential solar beam irradiation (103 x langleys/yr)
RMV = relative moisture value
PMT = pit-and-mound topography index
ILL = illumination index * = significant at 0.05 level
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TABLE 9. PERCENT FREQUENCY OF SPECIES OCCURRING ON PITS AND MOUNDS IN
THE STUDY AREA

Species* Pits Mounds

Picea sitchensis ** 45

Menziesia ferruginea ** 70

Tsuga heterophylla ** 60

Oplopanax horridum 10 **

Rubus spectabilis 15 50

Sambucus racemosa ** 15

Vaccinium parvifolium 20 40

Vaccinium ovalifolium 10 20

Polystichum munitum 60 40

Blechnum spicant 30 25

Dryopteris austriaca 10 20

Melica subulata 45 30

Oxalis oregana 80 35

Maianthemum dilatatum 50 10

Montia sibirica 65 15

Disporum smithii. 30 **

Lysichitum americanum 35 **

Stachys mexicana 45 **

Smilacina stellata 15 **

*

= only species occurring in at least five out of fifty pits and
mounds are listed.

**
= species absent.
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A significant positive correlation was found between the density of

spruce and relative moisture value, whereas, a significant negative

correlation occurs between basal area of hemlOck and relative moisture

value, and between density of hemlock and pit-and-mound topography.

These correlations indicate that, if relative moisture value is con-

sidered as a function of slope aspect as in this study, then producti-

vity of spruce is higher on north-facing slopes, whereas, hemlock pro-

ductivity is higher on upper south-facing slopes.

The lack of significant correlations between all the stand charac-

teristics and PSBI is rather surprising since slope and aspect, two of

the independent variables used in determining PSBI, are significantly

correlated with some of the stand characteristics. Frank and Lee (1966)

admit that PSBI usually differs appreciably from actual irradiation

since it is essentially .a theoretical parameter obtained by neglecting

entirely, the influence of the atmosphere in depleting direct solar

energy. Apparently, in the spruce forest, fog is an important climatic

factor and it not only contributes to the total precipitation in the

area, but also depletes incoming solar radiation. This may affect

vegetative growth depending upon the light intensity requirements of the

various species.

Since most of the environmental factors are not independent of each

other, multiple regression was not used as a technique to find signifi-

cant relationships between the vegetational parameters and environmen-

tal variables. Instead, linear and curvi-linear relationships were

sought with single factors. By far the most important independent

variable was slope angle. Basal area of stands clearly declined with
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increasing slope angle. A plot of total basal area per stand against

slope indicated a general linear decrease in total basal area with in-

creasing slope. This relationship is expressed in the equation Y =

101.53 1.18 X, where Y = basal area in square meters per hectare and

X = slope percent (Figure 6). A similar linear relationship was found

between basal area of hemlock and slope (Figure 7). Basal area of hem-

lock also declined linearly with increasing relative moisture. This

relationship is shown in Figure 8. Second order polynomials did not

improve the relationships between number of hemlock trees and slope,

number of spruce trees and relative moisture, and number of hemlock

trees and pit-and-mound occurrence. The regression models for these

relationships are shown in Figures 9, 10, and 11.

Ordination and Community Types

Ordination provides one of the most effective approaches for

examination of patterns and relationships in complex data. Three

ordination techniques, Polar Ordination (PO), Principal Components

Analysis (PCA), and Reciprocal Averaging (RA) were used to order both

species and stands along two or more axes to explore the spatial rela-

tionships among them with reference to probable environmental gradients

represented by the ordination axes.

All three ordination procedures produced similar results. PO

using user-specified end-points produced a more equitable spread of

plots along the ordination axes than PO using computer-specified end-

points. The order of stands along the first two axes seems to indicate

that stands from each of the sampling sites form discrete groups
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(Figures 12, 13, 14). The eigenvector techniques show these groupings

clearer than P0. It is conceivable that these groupings are artifacts

of the sampling technique since conscious efforts were made to accomo-

date as much floristic variation as possible without intentional dupli-

cation of floristic units from one site to another.

Further examination of the stand ordinations for discontinuities

or groups was carried out by a clustering analysis of the same 26 x 35

data matrix used for the ordinations. The results are plotted on the

ordinations (Figures 12, 13, 14) to show the spatial distribution of the

extracted clusters or community types along the ordination axes and to

make inferences about the distribution of the community types along

environmental gradients represented by the ordination axes. Each

cluster or community type consists of at least three stands. This cut-

off point was chosen arbitrarily to avoid giving single stands or two-

stand clusters a community status. Six community types were recognized

and differentiated on the basis of dominance and frequency of species

and on the presence or absence of certain diagnostic species. A slash

is used to separate community species in different strata starting with

the tree stratum. A hyphen is used to separate species in the same

stratum in community descriptors.

The Pisi/Oxor-Mesu community type (Figure 15) includes four stands

from Cascade Head. The stands contain tall spruce and hemlock trees

with a poorly developed shrub layer, giving the stands an open appear-

ance. Like most of the community types to be described, spruce has a

greater basal area than hemlock (Table 10). Only two tall shrubs,

Menziesia ferruginea and Vaccinium parvifolium, with low frequency and
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TABLE 10. SUMMARY DATA FOR MOST COMMON SPECIES IN EACH STRATUM OF SIX
COMMUNITY TYPES FROM OLD-GROWTH SPRUCE FORESTS (Mean % fre-
quency in parenthesis)

Stratum & Species POM PMVO PP PPB TGP PGPB

Trees

46.95
(100.0)

30.59
(100.0)

Mean Basal Area (m
2
ha

-1
)

60.80
(100.0)

39.20
(100.0)

Picea sitchensis 32.90
(100.0)

28.35
(100.0)

70.40 30.15
(100.0) (100.0)

37.34 10.29
(100.0) (100.0)

Mean Cover (%)

45.80
(100.0)

54.20
(100.0)

Tsuga heterophylla

Shrubs

Menziesia ferruginea 0.7 10.3 9.0 4.7 4.6 3.0

(3.0) (11.5) (10.3) (5.3) (5.4) (4.8)

Vaccinium parvifolium 0.7 10.0 7.0 4.3 6.2 8.5

(1.5) (7.5) (8.4) (5.7) (6.0) (10.4)

Rubus spectabilis - 0.3 - - - 1.7 0.2 1.0

(2.0) (3.0) (1.4) (2.3)

Vaccinium ovalifolium - 4.2 0.6 - - - 5.3 3.9

(5.0) (1.5) (8.4) (7.9)

Sambucus racemosa - - - 4.3 - - - 3.3 0.2 0.1

(10.0) (12.0) (2.6) (1.8)

Gaultheria shallon - - - - 3.0 9.6 9.4

(12.0) (36.4) (30.0)

Vaccinium ovatum - - - - - 0.4 0.3 3.3 0.4

(2.0) (10.0) (15.2) (4.3)

Oplopanax horridum - - - 2.3 1.7 - - -

(5.5) (3.6)

Herbs

Oxalis oregana 24.7 28.3 24.8 7.7 1.6 3.4

(95.5) (92.5) (87.0) (41.0) (10.0) (15.5)

Polystichum munitum 14.4 6.7 26.8 25.3 37.4 35.6

(15.5) (13.5) (32.0) (31.0) (56.2) (48.0)

Montia sibirica 10.4 15.7 10.2 0.3 2.2 0.6

(51.8) (74.0) (48.8) (8.5) (25.6) (17.0)

Melica subulata 12.0 5.0 2.4 - - -

(49.0) (24.5) (19.6)

Blechnum spicant - - 0.7 2.0 15.7 12.6 21.4

(7.0) (13.2) (45.7) (40.7) (56.3)



57

TABLE 10. Continued

Maianthemum dilatatum 2.7 5.7 1.0 2.0 2.3 1.2

(35.0) (42.7) (17.2) (35.5) (30.0) (25.6)

Clintonia uniflora 2.3 0.7 1.0 - - - 1.3 0.3

(14.0) (9.0) (9.8) (11.3) (6.2)

Lysichitum americanum 0.3 - - - - - - 0.1 - - -

(2.0) (1.0)

Tiarella trifoliata 1.7 0.3 0.5 0.3

(12.5) (2.0) (3.3) (2.0)

Disporum smithii 0.3 0.7 0.1 0.3 0.3 0.3

(2.5) (6.5) (5.0) (2.5) (3.0) (3.5)

Stachys mexicana 1.8 3.0 0.2 0.3 0.4 - -
(5.7) (10.0) (5.0) (3.0) (6.2)

Dryopteris austriaca - - - - - - - - - 2.0 0.5 0.1

(5.3) (2.5) (1.0)

Bryoids 10.3 14.0 16.4 5.3 9.3 10.1

(55.0) (30.0) (62.4) (13.8) (41.1) (35.5)

Number of stands 4 3 5 5 4 5

= 26

POM = Pisi/Oxor-Mesu

PMVO = Pisi/Mefe-Vapa/Oxor

PP = Pisi/Pomu

PPB = Pisi/Pomu-Blsp

TGP = Tshe/Gash/Pomu

PGPB = Pisi/Gash/Pomu-Blsp
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Axis 1

Fig. 12 Ordination of 35 stands based on P0. Deli-
neation of the community types is based on
clustering analysis of the stands: , Pisi /
Oxor Mesu; o, Pisi / Mefe -Vapa/Oxor; Pisi /
Pomu; o, Pisi / Pomu -BIsp; , Tshe/Gash/Pomu;

Pisi/Gash/Pomu-BIsp. A= stands from Cascade
Head, B=stands from Cape Lookout, and C=
stands from Cape Perpetua. X=Other stands not

2longing to any community type.
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Fig. 13 Ordination of 35 stands based on PCA.Deli-

neation of the community types is based on
clustering analysis of the stands: A, Pisi /
Oxor-Mesu; L,Pisi/Mefe-Vapa/Oxor; ,Pisi/
Pomu; o, Pisi /Pomu-BIsp, ®, Tshe/Gash/Pomu;
, Pisi /Gash /Pomu -Blsp. A= stands from Cascade
Head, B=stands from Cape Lookout, and C=
stands from Cape Perpetua. X=--Other stands not

belonging to any community type.
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Fig. 14 Ordination of 35 stands based on RA. Deli-
neation of the community types is based on
clustering analysis of the stands: A, Pisi /
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stands from Cape Perpetua. X=Other stands not

belonging to any community type.



61

coverage are present. Herbaceous species are fairly well represented

but Oxalis oregana is obviously the most important (Table 10). The

addition of Melica subulata in the community descriptor is based on the

fact that this is the only community in which the species contributes

as much as 15% relative cover and has 49% mean frequency. In addition,

Melica subulata gives this community type a meadow-like appearance

which is very striking. The Pisi/Oxor-Mesu community type is fre-

quently found on ridge tops or upper north-to-east-facing slopes.

Being a much more open community, illumination is partial and the pre-

sence of pits and mounds is only slight (Table 11). Variants of this

community type do exist. For instance, Figure 16 shows a variant in

which Oxalis oregana can hardly be seen.

The Pisi/Mefe-Vapa/Oxor community type (Figure 17) occurs mainly

on upper slopes and is not restricted to any slope aspect. It is

similar to the Pisi/Oxor-Mesu type except for the fact that the shrubs

Menziesia ferruginea and Vaccinium parvifolium become more frequent and

more important as shrubs and Melica subulata becomes less frequent and

less important as a member of the herb layer. Montia sibirica is most

frequent and reaches its peak coverage in this community. Bryoids also

become increasingly important with a relative cover of 17% but are less

frequent than in the previous community type. Pits and mounds are

better represented in this community type than in the Pisi/Oxor-Mesu

type but illumination conditions are the same in the two types.

The Pisi/Pomu community type (Figure 18) is represented by five

stands from Cascade Head. The type occurs frequently on middle and

upper slopes, though it may also be found on ridge tops. It is not
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Figure 15. Stand representative of the ridge top Pisi/Oxor-Mesu
Community type on Cascade Head.

Figure 16. Variant of the Pisi/Oxor-Mesu community type on Cascade
Head
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Figure 17. Stand representative of the upper slope Pisi/Mefe-Vapa/
Oxor community type on Cascade Head.

Figure 18. Stand representative of the upper slope Pisi/Pomu com-
munity type on Cape Perpetua.
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restricted to any slope aspect and, in terms of total basal area, is the

most productive community with some of the largest spruce trees (dbh

m) encountered in this study. The shrub layer is not very well

developed but Menziesia ferruginea and Vaccinium parvifolium remain the

most important species. Although Polystichum munitum is the most

important species in the herb layer, Oxalis oregana is also fairly well

represented. Bryoids have the highest coverage and frequency in this

type. The forest canopy is more closed than open resulting in a

moderate to dense shade conditions under the canopy. A condition that

probably favors Blechnum spicant over Polystichum munitum (Figure 19).

Pits and mounds are rather common in this community type.

All five stands representing the Pisi/Pomu-Blsp community type are

from Cape Lookout. They occur on middle to lower, and often, north-to-

northeast-facing slopes. This is the least productive community with a

mean basal area of only 40.44 m
2
ha

-1
. It is characterized by the pres-

ence and fairly high cover of Blechnum spicant. The presence of Gaul-

theria shallon in the shrub layer accentuates the similarity between

this community type and the transitional type (Pisi/Gash/Pomu-Blsp) yet

to be described. Melica subulata drops out completely as a component of

the herb layer and Oxalis oregana and Montia sibirica become less im-

portant (Table 10). The frequency and coverage of bryoids are lowest

in this type. Shade conditions and the presence of pits and mounds are

similar to the Pisi/Pomu community type.

The four stands that represent the Tshe/Gash/Pomu community type

are located on Cape Perpetua. This community is characterized by a well

developed shrub layer dominated by Gaultheria shallon and it is the only



Figure 19. Variant of the Pisi/Pomu community type, Olympic National
Park, Washington.



66

one in which hemlock dominates the overstory (Table 10). It often

occurs on middle south-to-west-facing slopes. The only other important

species in the herb layer apart from Polystichum munitum is Blechnum

spicant. The forest floor is partially illuminated and pit-and-mound

representation is slight.

The Pisi/Gash/Pomu-Blsp community type consists of two stands from

Cape Perpetua and three from Cape Lookout. It is regarded as a transi-

tional type between the Pisi/Pomu-Blsp and the Tshe/Gash/Pomu community

types because a change in dominance of either spruce or salal may re-

sult in a transition towards Tshe/Gash/Pomu or Pisi/Pomu-Blsp respec-

tively. The type is characterized by spruce dominating the overstory

once more and by Blechnum spicant sharing dominance with-Polystichum

munitum. This transitional type often occurs on upper to lower slopes

without any preference for slope aspect. The overstory provides

moderate shade and pit-and-mound occurence is better than slight.

TABLE 11. SUMMARY OF ENVIRONMENTAL FACTORS ASSOCIATED WITH EACH COM-
MUNITY TYPE

Environmental Factor
Community Type Slope Range (%) Aspect Pits & Mounds Illumination

Pisi/Oxor-Mesu 0-35 N to E Slight Partial

Pisi/Mefe-Vapa/Oxor 10-25 Variable Some present Partial

Pisi/Pomu 10-35 Variable Some present Moderate shade

Pisi/Pomu-Blsp 30-50 N to NE Some present Moderate shade

Tshe/Gash/Pomu 20-40 S to W Slight Partial

Pisi/Gash/Pomu-Blsp 30-65 Variable Some present Moderate shade
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Relative coverage values of several representative species (Fig-

ures 20, 21) give some indication of how a species is distributed in

each community type relative to all other types. Figure 20 shows how

the seven understory species used as descriptors are distributed in the

six community types. Polystichum munitum and Blechnum spicant parallel

each other in distribution but both have an inverse relationship with

Oxalis oregana. Vaccinium parvifolium and Menziesia ferruginea have

more or less the same distribution pattern. Melica subulata and Gaul-

theria shallon have distribution patterns that are mutually exclusive.

In communities where Melica has high coverage, Gaultheria is totally

absent or has very low coverage and vice versa. Figure 21 shows the

distribution pattern of a few other species.

A major problem with most vegetation ordination techniques is the

difficulty in determining what environmental factors are represented by

the components. Some of the extracted components are difficult to

recognize as particular factors, and some are actually artifacts of the

analysis. In rare cases, however, there may be one overriding factor

in which case a direct gradient analysis is the most appropriate ana-

lytical method to be used, but in most cases, the extracted components

correspond to a number of gradients referred to by Whittaker (1967) as

a "complex" gradient. To interpret stand ordination, linear correla-

tion and stepwise multiple regression were used to relate site varia-

bles to the ordination scores. The first axis of all three ordination

techniques was significantly correlated with slope and pit-and-mound

topography (Table 12). A least-squares fit of the regression model:

Y = a + bX + e, where Y is the dependent variable and X the
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independent variable, resulted in significant relationships between the

first ordination axis and slope, and the first ordination axis and pit-

and-mound topography. The inference drawn from these analyses is that

the first axis represents a "complex" slope gradient on which the prob-

able effects of slope inclination are further complicated by the pres-

ence of pits and mounds. The slope gradient is considered to be com-

plex because of the multiple effects of slope on run-off (Dudley and

Hays, 1932; Kittredge, 1948), which influences soil moisture retention,

the heat regime of hilly terrains, and may also affect wind-throw.

The distribution of community types in the old-growth spruce

forest along a slope gradient may begin with the Pisi/Oxor-Mesu type on

ridges. Upper to middle slopes may be covered by the Pisi/Mefe-Vapa/

Oxor and the Pisi/Pomu community types. The Pisi/Pomu-Blsp, Tshe/Gash/

Pomu, and Pisi/Gash/Pomu-Blsp types are common on middle to lower slopes.

The presence of pits on lower slopes, however, may allow either a Pisi/

Oxor-Mesu or a Pisi/Pomu type to flourish down the slopes.

TABLE 12. SUMMARY STATISTICS OF THE RELATIONSHIP BETWEEN THE FIRST
ORDINATION AXIS AND TWO TOPOGRAPHIC VARIABLES

Ordination Method
Topographic Variable

Slope % Pit-and-Mound Index

Corr. Coeff. F value Corr. coeef. F value

PO .6763** 15.1752** .4900* 5.6901*

PCA .6794** 15.4344** .4910* 5.7170*

RA .7034*** 17.6320*** .5318* 7.0986**

= Significant at 0.05 level

** = Significant at 0.01 level
*** = Significant at 0.001 level
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From Table 12 it is obvious that RA provides a better correspon-

dence between its first axis and the two topographic variables. For

instance, slope angle accounted for 49% (r
2
= .4948) and pit-and-mound

topography accounted for a further 28% (r
2 = .2828) of the total varia-

tion in sample scores extracted by the first axis of RA. Comparable

figures for PCA are 46% (r
2
= .4616) and 24% (r

2
= .2411), and for P0,

45% (r
2

= .4574) and 24% (r
2

= .2401). These results show why RA is

often used to verify the ecological validity of the relationships ob-

tained using PCA.

The second ordination axis of P0, PCA, and RA was not significantly

correlated with any independent variable. Goldstein and Grigal (1972)

have suggested that rigorous statistical interpretations of an ordina-

tion of ecological data are not always possible. Therefore, the dis-

cussion of the spatial relationships among stands derived by the second

ordination axis will be primarily qualitative. Plots from Cape Lookout

and Cape Perpetua were very much similar in terms of species composi-

tion and habitat factors, yet the second axis was able to separate

them. It is, therefore, conceivable that the second axis may represent

some sort of a species structural gradient. Indeed, there is so much

disparity in the relative importance of spruce and hemlock in plots

from these two sites (Table 2) as to enhance this hypothesis. Thus, a

finer resolution of variation in species importance as a function of

tree size may reveal a correspondence between the measure of stand dy-

namics and a second ordination axis that is roughly orthogonal to the

first axis.
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The species ordination sequence (Figure 22) revealed spatial

relationships that were difficult to interpret. For instance, Blechnum

spicant (Blsp), a species associated with moist sites was closer to

Gaultheria shallon (Gash), a species associated with less moist sites,

than to Oplopanax horridum (Opho), another moist-site species (Franklin

and Dyrness, 1973). Both first and second ordination axes did not

correspond significantly to any environmental gradient.

Soil Morphology

Since only some of the soils in the study area have been mapped or

classified into series, no attempt was made to associate the observed

vegetation pattern with specific soil types. Instead, six representa-

tive profiles are described to show the variation in soil morphology in

the spruce forest.

Profile Type 1. Soils with this profile form on middle to lower

north-facing slopes. They are moderately deep with an average major

rooting depth of 43 cm. Shrubs such as Vaccinium parvifolium and

Menziesia ferruginea were quite common but the understory vegetation

was dominated by Polystichum munitum. On some plots Blechnum spicant

was associated with Polystichum. The following profile description is

from plot 11 on Cascade Head.

Horizon Depth (cm) Description

01 6-0. Undecomposed leaf litter.

All 0-5 Black (5 YR 1/2, moist) silt loam or silty clay

loam; strong, very fine granular structure; very

friable, slightly plastic, slightly sticky; many
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very fine and common fine to coarse roots; many

interstitial pores; lower boundary abrupt and

wavy.

Al2 5-43 Dark reddish brown (5 YR 2/2, moist) silt loam or

silty clay loam; moderate fine and very fine sub-

angular blocky, parting to moderate very fine

granular structure; very friable, slightly plastic,

slightly sticky; many very fine and common fine to

coarse roots; many interstitial pores; clear wavy

boundary.

A13 43-81 Very dark brown (7.5 YR 2/2, moist) silt loam or

silty clay loam; moderate very fine granular

structure; very friable, slightly plastic,

slightly sticky; common fine to coarse roots;

many very fine interstitial pores, few very fine

tubular pores; lower boundary gradual and -irregu-

lar.

C 81-110 Dark brown (7.5 YR 3/3, moist) silt loam or silty

clay loam; moderate very fine granular structure;

very friable, slightly plastic, slightly sticky;

common coarse roots; many very fine interstitial

pores, few fine tubular pores.

Profile Type 2. The soils exemplified by this profile are common

on flats, on hill crests, and ridges. They are poorly developed and

very shallow. The understory vegetation is dominated by Melica subu-

lata. P. munitum may or may not be present. The following profile

description is from plot 12 on Cascade Head.

Horizon Depth (cm) Description

01 4-0 Fresh and partly decomposed plant remains.

A 0-30 Black (10 YR 2/1, moist) clay loam; strong very

fine to fine granular structure; friable, plastic,

somewhat sticky; abundant fine roots and few
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coarse roots; lower boundary smooth and gradual.

C 30-65 Dark yellowish brown (10 YR 3/4, moist) clay loam;

plastic, sticky; many fine to coarse roots; com-

mon red mottles.

Profile Type 3. This profile formed on middle to lower south-

facing slopes; it is the deepest of all the profiles encountered. The

understory vegetation is dominated by shrubs and saplings of hemlock

and spruce. Herb coverage is rather sparse with Oxalis oregana dominat-

ing. Plot 2 on Cape Lookout exemplifies this profile:

Horizon Depth (cm) Description

01 .10-0 Undecomposed litter, mainly conifer needles.

All 0-28 Dark brown (7.5 YR 3/2, moist) silt loam; strong

fine to very fine granular structure; very fri-

able, slightly plastic, nonsticky; abundant fine

roots; smooth gradual lower boundary.

Al2 28-66 Dark brown (7.5 YR 3/2, moist) silt loam; moderate

very fine subangular blocky structure; very fri-

able, slightly plastic, slightly sticky; many very

fine and common fine to coarse roots; common red-

dish mottles and about 10% highly weathered fine

gravel-size basalt fragments; lower boundary

abrupt and wavy.

C 66-112 Yellowish brown (10 YR 5/4, moist) silt loam or

silty clay loam, weak very fine granular struc-

ture; friable, slightly plastic, slightly sticky;

few fine to coarse roots; highly weathered basalt

fragments increasing with depth.

Profile Type 4. This profile type shows the most developed hori-

zons of those described. It forms on middle to lower west-to-south-

facing slopes. The vegetation cover is almost entirely Gaultheria
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shallon. Maianthemum dilatatum is the only herbaceous species with any

significant coverage (more than 1%). This profile type was not ob-

served on Cascade Head. The following profile description is from Plot

10 on Cape Lookout.

Horizon Depth (cm) Description

01 8-0 Undecomposed organic material, mainly conifer

needles.

All 0-13 Black (10 ,YR 2/1, moist) loam or fine sandy loam;

moderate to strong very fine granular structure;

very friable, slightly plastic, slightly sticky;

abundant fine roots; abrupt wavy boundary.

Al2 13-25 Very dark brown (10 YR 2/2, moist) loam; moderate

very fine granular structure; very friable,

slightly plastic, slightly sticky; many very fine

and common fine to coarse roots; lower boundary

smooth and gradual.

B2 25 -28 Dark reddish brown (5 YR 2/2, moist) loam; weak

very fine subangular blocky structure; friable,

slightly plastic, slightly sticky; common very

fine and few fine to coarse roots; lower boundary

gradual and irregular.

C 38-81 Dark yellowish brown (10 YR 3/4, moist) loam or

silt loam; moderate very fine subangular blocky

structure; friable, slightly plastic, slightly

sticky; few fine and medium roots.

Profile Type S. Soils with this profile were observed on west-to-

north-facing slopes. Both shrubs and herbs are well represented but

the most abundant include Vaccinium ovatum, Rubus spectabilis, Poly-

stichum munitum, and Blechnum spicant. The following description is

from Plot 2 on Cape Perpetua:



Horizon Depth (cm)

01 12-8

02 8-0

Al 0-30

AC 30-61

Cl 61-86

C2 86-90
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Description

Undecomposed organic layer.

Very dark brown (10 YR 2/2, moist) decomposed

organic layer.

Black to very dark brown (10 YR 2/1.5, moist) silt

loam or silty clay loam; strong very fine granu-

lar structure; very friable, slightly plastic,

slightly sticky; abundant roots and charcoal;

abrupt wavy boundary.

Dark brown (7.5 YR 3/2, moist) silt loam;

moderate to weak very fine granular structure',

friable, slightly plastic, slightly sticky;

common fine roots; lower boundary gradual.

Dark yellowish brown (10 YR 4/4, moist) silty clay

loam; friable, slightly plastic, slightly sticky;

few fine to coarse roots; about 20% subangular,

highly weathered fragments of shale or siltstone.

Fractured shale or siltstone.

Profile Type 6. This is a very shallow, poorly developed profile

encountered on slopes directly facing the ocean. Vegetation cover is

sparse and shore pine (Pinus contorta) has taken over from hemlock as

the second canopy species. The following description is from Cape

Perpetua:

Horizon Depth (cm) Description

Undecomposed organic layer.

Very dark gray (10 YR 3/1, moist) to black (10 YR

2/1, moist) sandy loam; granular, non-sticky, non-

plastic; roots very abundant; wavy boundary.

Dark brown (7.5 YR 3/2, moist) clay loam; struc-

tureless; non-sticky, non-plastic; roots very few

to solitary.

01 4-0

Al 0-28

IIC 28-65
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It should be pointed out that the above profile descriptions are

peculiar in certain regards; most of them lack 02 and B horizons. This

peculiarity is due to the difficulty in using mostly change in color to

determine various horizons under field conditions. Color could not be

used effectively to determine the boundaries between 02 and Al, and

also between A3 and B1 horizons. Therefore, it is conceivable that in

most of the profile descriptions the 02 and B horizons have been incor-

porated into the A horizon.

In Profile Type 6 a lithologic discontinuity was observed at a

depth of about 28 cm. It is probable that the Al horizon has been de-

posited in colluvium on top of weathered, unconsolidated residue of

basaltic rock. This profile may, therefore, be regarded as exceptional

and rather uncommon in the study area.

In view of the lack of B horizons in most of the profiles, none of

them can really be compared with the Salander series mapped on Cape

Perpetua (Lane County Soil Survey - unpublished). However, there are

certain similarities between Profile Type 3 on Cape Lookout and the

Salander series. First of all, both profiles are deep and well-drained

and are found on south- and southwest-facing slopes. Secondly, both

have dark brown or dark reddish brown silt loam surface horizons.
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DISCUSSION

Vegetational Composition of the Spruce Forest

The spruce forest in coastal Oregon can best be described as a

southern extension of the spruce zone which stretches from Alaska

through Canada and Washington to Oregon. Within its altitudinal limits,

the climax forest is remarkably homogeneous in species composition

(Ruth and Harris, 1979). In most areas, such as the sites used in this

study, Picea stichensis is the dominant canopy species but Tsuga hetero-

phylla becomes increasingly important as a co-dominant or dominant

species as the forest zone extends from the coastal fringes inland.

Other tree species occur in the zone in various combinations as a result

of many overlapping ranges. Within their natural ranges, habitat con-

ditions, history of stand establishment, and successional stage influ-

ence forest composition.

Abies amabilis becomes an associate north of the Columbia River

and extending north through British Columbia. It has a limited range

in Alaska, rarely exceeding 300 m in elevation (Harris, 1970). Thuja

plicata is an important associate at low elevation to 56° latitude

where its northern extent is thought to be limited by temperature dur-

ing the growing season (Gregory, 1957). In Washington, Thuja plicata

or Alnus rubra is dominant along with Pinus monticola and Pinus con-

torta var. contorta in forest swamps within the zone. Chamaecyparis

nootkatensis and Tsuga mertensiana occur at elevations well above Picea

sitchensis and Tsuga heterophylla in Washington; but with increasing

latitude, these other species occur at lower elevations and become
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associates of Sitka spruce and western hemlock near the center and

northern tip of Vancouver Island (Ruth and Harris, 1979). Shore pine

is confined mainly to maturing coastal sand dunes in Oregon and

Washington but in Alaska may occur up to 450 m elevation. Sitka spruce,

which in Oregon and Washington rarely has the opportunity to grow at

higher elevations because of low topography along the coast and summer

drought farther inland, is found in Alaska on nunataks as high as 1200

m (Heusser, 1954).

The natural ranges of trees within the spruce zone reflect the

interaction of climate and the requirements of the species. For

example, spruce-hemlock forests give way to Douglas-fir dominated

forests in areas having a history of pronounced summer drought

(Franklin and Dyrness, 1973). Usually, there is a narrow transition

zone supporting all three species (Juday, 1977). Although Douglas-fir

is capable of growing in Alaska (Harris, 1971), its natural range

appears to be restricted because of lack of pronounced fire history

farther north along the coast (Schmidt, 1960).

Very little is known about the distribution and the factors that

affect the distribution of understory vegetation within the spruce zone.

Generally, vascular species diversity is thought to be highest in

Oregon and Washington, gradually decreasing northward. Franklin and

Dyrness (1973) have described common understory species as occurring on

modal sites, less favorable sites, and wetter sites without further

description of site conditions. Cryptogams are extremely abundant

throughout the spruce zone. The Olympic Peninsula is especially noted

for mosses, many of which occur as epiphytes on living trees (Pechanec
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and Franklin, 1968; Coleman et al., 1956).

In the present study, forty-four understory species were encoun-

tered. This total does not include mosses and liverworts which are

quite abundant in some of the stands, occasionally forming thick car-

pets on the forest floor. Among the ferns, Polystichum munitum and

Blechnum spicant are the most abundant and are usually found in moist

and shaded areas. Other ferns occurring in the zone include Dryop-

teris austriaca, Athyrium filix-femina, and Pteridium aquilinum which

was found only on wet sites with high water tables. Melica subulata

was the only grass species with any significant coverage although Poa

sp. and Bromus sp. were also encountered. Generally, these grasses

were more common in areas where the forest canopy was open, allowing

a substantial amount of radiation to filter through to the forest floor.

Other common species of the herb layer include Oxalis oregana, Montia

sibirica, Clintonia uniflora, and Maianthemum dilatatum. The first two

species have been found to occur frequently in other forest zones

(Juday, 1977) but the latter two are more common in the spruce zone.

Maianthemum dilatatum has been used as a community descriptor by Kratz

(1975) in coastal Washington where it accounted for most of the herb

cover of the Picea sitchensis/Maianthemum dilatatum community type on

well-drained sand and gravel areas. The shrub layer is dominated by

Menziesia ferruginea and Vaccinium parvifolium in most areas but Gaul-

theria shallon becomes more important in stands nearer to the ocean.

Oplopanax horridum generally occupied wet areas irrespective of illumi-

nation conditions. Vaccinium ovatum resembled Gaultheria shallon in

its distribution.
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Forest Structure and Dynamics

The size-class distributions of spruce and hemlock have shown that

the forest stands at Cascade Head, Cape Lookout, and Cape Perpetua are

in a steady-state condition. On all three sites, spruce showed marked

deviations from the characteristic reverse J-shaped distribution of

stable species in climax forests. Nonetheless, there was ample evidence

to indicate that spruce was indeed reproducing and maintaining its pre-

sent status as a dominant canopy species in the forest. The evidence

referred to is in the form of a unique reproductive strategy. The suc-

cess of spruce in British forestry has been attributed to its ability

to grow in a wide range of sites, often under poor conditions, and to

its vigor of growth (Brazier, 1971). Basically, both spruce and hem-

lock are considered to be shade tolerant (shade tolerance is used here

in the restricted sense advocated by Shirley (1943)) but hemlock is more

shade tolerant than spruce (Krajina, 1965; Franklin and Dyrness, 1973).

Thus, spruce requires more light for development than hemlock.

Fairbairn and Neustein (1970) noted a maximum leader growth of spruce

grown under full sunlight but found hemlock attained maximum height

growth at lower light intensity levels. This may explain the abundance

of spruce seedlings in openings under the canopy and on clear-cuts.

Spruce also has seedbed preferences although it can germinate on a

variety of seedbeds. Obviously, seedling survival is much higher on

decaying logs than on other seedbeds including mineral soil. Observa-

tion of mature trees indicates that most spruce trees started develop-

ment on logs. The inability of mineral soils to support mature trees
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may be due to nutrient deficiency rather than low moisture levels. At

the early seedling stage, the roots are able to obtain enough nutrients

for growth but at a later stage, the roots are unable to penetrate

deeper into the soil to obtain much needed nutrients for the logarith-

mic phase of seedling growth. Indeed, Ruth (1968b) found spruce roots

to be shorter than those of hemlock after the first growing season. In

addition, spruce is very intolerant of low levels of phosphorous and

magnesium (van der Driessche, 1968; Krajina, 1970). On the other hand,

hemlock's soil nutrient requirements are among the lowest known for any

coniferous tree (Krajina, 1970). It is, therefore, not surprising that

in spite of its shallow rootedness, hemlock is far better represented

on mineral soils than spruce. Because of the special conditions under

which spruce must germinate and establish itself, it is likely that

spruce has a quicker response time than hemlock and, therefore, has a

better chance of closing the gap whenever an opening appears in the

canopy. This chance is further enhanced when spruce germinates on an

organic seedbed. However, further work needs to be done to establish

the role of phosphorus and magnesium in the natural regeneration of

spruce and hemlock.

The diameter distribution of hemlock, unlike that of spruce, was

well described by the power function model with only a modest deviation

from the ideal distribution of a stable species. This deviation is in

the form of a low number of stems in the smallest tree size classes.

However, since the power function model fits the distribution of hem-

lock, it indicates the sustained inputs of seedlings as is expected of

any stable tree species in an all-aged forest. The high mortality rate
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of hemlock seedlings at Cape Perpetua and Cape Lookout suggests that

hemlock is less tolerant of ocean spray than spruce (Cordes, 1972) and

Krajina (1970) has noted that hemlock is intolerant of the excess mag-

nesium in sea spray.

Vegetation and Topography

The results from linear correlation and regression analyses showed

slope, relative moisture value, and to a lesser extent, microrelief, to

have significant statistical relationships with stand characteristics

of vegetation. It is known that soil water availability is a function

of both aspect and elevation (Ayyad and Dix, 1964) but in areas where

the effect of elevation is negligible or minimal, as in this study,

aspect becomes the major influencing factor of soil water availability.

The significant negative correlation between the basal area of hemlock

and relative moisture value derived from aspect suggests that hemlock

grows better in lower soil moisture conditions on south-facing slopes.

In southeastern Alaska, Wood (1955) noted that spruce dominated hemlock

on moist sites but not on dry ones. In separate laboratory measure-

ments, Koter (1972) and Lowry (1972) found that hemlock showed con-

siderable drought tolerance. Conversely, the significant positive

correlation between the density of spruce and relative moisture value

indicates that productivity of spruce is highest in moist soils on

north-facing slopes. These inferences are in agreement with the rank-

ing of spruce above hemlock as most tolerant of shallow water tables

(Minore and Smith, 19715.
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The most important topographic variable influencing stand charac-

teristics was slope inclination. Total basal area of stands (trees

2.5 cm dbh) clearly declined with increasing slope angle. This indi-

cates that productivity is higher on upper slopes (0-10%) and ridge

tops than on middle (10-45%) and lower slopes (45-70%). The combined

effect of slope angle and aspect affects the heat regime on north and

south slopes. The warmest slopes are, theoretically, southwest-facing.

The use of potential solar beam irradiation (PSBI) as a parameter to

provide a quantitative description of energy incident on slopes was

unsuccessful because PSBI was not significantly correlated with any of

the stand characteristics. The ineffectiveness of PSBI may partially

be due to the fact that slopes that face east and west, regardless of

slope angle, are assigned similar values. This may pose a problem, as

the heat regime may not be the same on both slopes because the morning

sun dries surfaces and the afternoon sun heats the soil (Geiger, 1965).

Haase (1970) studied this problem and concluded that the nature of the

vegetation cover determines which slopes will be the warmest and driest.

Pit-and-mound tipography or microrelief forms a very important

component of the dynamics of the coastal spruce forest. When a tree

uproots in a storm, the mass of soil material intermingled with the

root system, generally is moved upward and laterally toward the direc-

tion of fall, leaving a pit which may be as much as one meter deep and a

few meters wide. As the tree roots decay, the displaced soil material

is deposited in a mound generally on the leeward side of the pit. The

formation of pits and mounds initiates secondary succession on a small

scale. The successional trend eventually results in forbs occupying
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the pit and shrubs and trees occupying the mound (Figure 23). The most

common herbs found in the pit include Oxalis oregana, Polystichum muni-

tum, Lysichitum americanum, and Melica subulata. Species that occupy

the mound include Menziesia ferruginea, Vaccinium parvifolium, Picea

sitchensis, and Tsuga heterophylla. The significant negative correla-

tion between the density of hemlock and microrelief seems to indicate

that hemlock is not a very successful seral species on the mounds.

Harris (1966) found hemlock seedling establishment to be poorer on a

burned area than on an unburned area, also indicating that hemlock is

a poor seral species.

Variations in Vegetational Pattern with Topographic Gradients

One of the objectives of this study was to determine the relation-

ship between vegetational patterns and site factors. Ordination tech-

niques were applied to the vegetation data with the expectation that

the observed patterns could be related to presumed causal factors.

However, since this study was more concerned with the characterization

of vegetational development in old-growth forests rather than with

quantitative determination of environmental factors, the only site fac-

tors measured were slope angle and aspect. Other site factors were

either qualitatively described or subjectively indexed to facilitate

numerical analysis. The use of topographic variables in gradient

analysis does not permit the correlation of species distributions with

other, more biologically significant environmental variables. However,

general relationships can be inferred between environment and species

distributions from the microenvironmental trends that exist on the
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Figure 23. Wind-thrown tree showing pit-and-mound topography. Note
the occurrence of shrubs on the mound.
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topographic gradients.

Linear correlation and regression analyses showed that the first

axis represented a slope gradient. Obviously, slope influences a num-

ber of factors which directly or indirectly affect the growth and dis-

tribution of species. These factors include soil moisture availability

and the amount of insolation reaching a site. Two separate sources

(Dudley and Hays, 1932; Kittredge, 1948) indicate that average percent

run-off rises sharply with initial increase in slope to about 18% on a

slope of 10%. The first axis of RA accounted for more variation in

sample scores along the slope gradient than the first axis of PO and

PCA. Gauch et al. (1977) and Peet (1975) have shown RA to be a particu-

larly effective ordination technique for representing vegetational

variation while retaining ecological interpretability.

Theoretically, upper slope positions are drier than lower slope

positions (Mowbray and Oosting, 1968) therefore considering their aute-

cology, spruce should dominate hemlock on lower slopes and vice versa.

However, in this study, spruce rather dominated the ridges and upper

slopes, whereas, hemlock dominated the lower slopes and valleys. This

shows that correlations relating species distributions to general envi-

ronmental trends should be interpreted cautiously. The dominance of

spruce on ridge tops seems to suggest more moist conditions , on ridge

tops, than lower slope positions, probably due to differences in soil

physical properties or differences in amount of fog drip received by

different slope position during summer. Shrubs were more common on

slopes than on ridges supporting the observation that soils on the

slopes were generally deeper than soils on the ridges. This conclusion
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is in conformity with the occurrence of the Pisi/Oxor-Mesu community

type on ridges and the Pisi/Mefe-Vapa/Oxor community type on slopes.

The vegetational pattern and species distribution along the slope

gradient is further complicated by microrelief. The presence of pits

or depressions on slopes may allow either a grass coverage or a shrub

coverage, depending on the height of the water table and the species

composition of the surrounding community. For instance, depressions

with high water tables may support Melica subulata if the surrounding

community is a Pisi/Oxor-Mesu type or they may support Oplopanax horri-

dum if the surrounding community is a Pisi/Mefe-Vapa/Oxor type (Table

11). Similarly, the presence of mounds on the ridges may enable shrubs

to invade communities which generally have poor shrub coverage.

Community Types and Soil Morphology

The description of six soil profile types has shown the variation

in soil morphology in the spruce forest. It was also observed that

certain vegetation types were associated with certain soil profiles.

However, since only fifteen profile pits were studied, no attempt was

made to relate stands to specific soil types. The following discussion

on community types and their associated soil profiles is, therefore,

based purely on qualitative assessments.

The Pisi/Oxor-Mesu community type features Melica subulata promi-

nently in the herb layer although Oxalis oregana is the dominant species

on the forest floor. This community is generally associated with Pro-

file Type 2 which is shallow with a black clay loam surface horizon.

The community has not been reported before although Kratz (1975) has
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described a structurally similar community type on the coastal

Washington headlands in which Carex obnupta rather than Melica subulata

featured prominently.

The Pisi/Mefe-Vapa/Oxor type was observed on deep soils in hilly

terrains. The surface horizon is black, very friable silt loam or

silty clay loam and the profile contained many interstitial pores even

in the C horizon. This community appeared to be associated with Pro-

file Type 1 and the importance of shrubs in the community may be di-

rectly related to the soil Morphology since shrubs are generally con-

sidered to be deep rooted (Ruth and Harris, 1979).

The Pisi/Pomu community type has been described by Kratz (1975) as

common and occurring on level to steeply sloping surface. It is the

most productive community and is generally observed on fairly deep soils

similar to Profile Type 5. The surface horizon is black, very friable

silt loam or silty clay loam.

The Pisi/Pomu-Blsp type was found mostly on moderately deep soils

with physical characteristics similar to Profile Type 4. The surface

horizon is very dark gray to black sandy loam. Two previously des-

cribed community types bear a structural resemblance to this one. The

Pisi-Tshe/Pomu-Blsp association described by Juday (1977), however, did

not have Gaultheria shallon in the understory and the Pisi-Tshe/Blsp

community described by Kratz (1975) on old marine terraces featured

Blechnum spicant more prominently than Polystichum munitum.

The Tshe/Gash/Pomu community type occurred on well-drained, very

deep soils similar to Profile Type 3. The surface horizon is dark

brown silt loam and the profile contains many weathered basalt fragments,
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especially in the lower horizons. Ruth and Harris (1979) have observed

the best development of hemlock on well-drained soils in valley bottoms

and on lower slopes. This is the only community in which hemlock domi-

nates spruce in the canopy and is similar to a previously described

Tshe-Pisi/Pomu type which supposedly marks a shift from Picea to Tsuga

forest (Kratz, 1975).

The Pisi/Gash/Pomu-Blsp transitional community was mainly found on

moderately deep soils similar to Profile Type 4. The surface horizon

is black loam or fine sandy loam. This community type has been recog-

nized by other workers under different names. In his study in north

coastal Oregon, Hines (1971) described a Tshe-Pisi/Gash/Blsp community

which occurs adjacent to the coast on predominantly Astoria soils.

Juday (1977) also found a Pisi-Tshe/Gash/Blsp association on coastal

headlands in Oregon.

From the above discussion, it is obvious that a systematic way of

naming vegetation units or community types is necessary to provide a

useful catalogue of recognizable vegetation units and site factors

associated with them. Such a catalogue may be useful to both landscape

and timber management.
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SUMMARY AND CONCLUSIONS

The old-growth spruce forest of the Oregon Coast Range has been

reduced by fire and logging to a few scattered stands.. The limited

information on the structure and dynamics of this aesthetically impor-

tant but rapidly diminishing forest stimulated this study. The-aim was

to provide an ecological record of the variations in stand structure,

to describe vegetation units, and to determine the relationships, if

any, between vegetation patterns and site factors such as slope and

aspect.

The spruce forest of the Oregon Coast Range is a southern exten-

sion of the spruce forest zone which occupies a narrow band along the

Pacific Coast from Alaska through Canada and Washington to Oregon. The

forest zone is within the coastal fog belt and is under the influence

of an overall maritime climate, which in Oregon is characterized by

cool summers and mild winters. Summer drought and winter snow are rare.

The geology of the area is predominantly Tertiary sedimentaries and

basalts. Resistant lavas and intrusive masses form higher peaks and

headlands. The most widespread soils north of Coos Bay are Inceptisols.

A variety of analytical methods have been used to achieve the aims

of this study. The power function regression model was employed to

study the variations in stand structure and to interpret the dynamics

of three forest sites, namely, Cape Lookout, Cascade Head, and Cape

Perpetua, all of which are headlands of the Oregon Coast Range. The

forest stands at all three sites were found to be in a steady state

with the two dominant tree species, Sitka spruce and western hemlock,
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regenerating and maintaining themselves as canopy species. Most of the

canopy trees were over 250 years old, thus qualifying the forest as

old-growth. A few spruce trees (over 5 m dbh) must be over 450 years

old. Seedling regeneration of hemlock was efficient on all sites

although seedling mortality was higher near the ocean than in the in-

terior. The high mortality has been attributed to the ocean spray and

probably to lethal levels of magnesium in the ocean spray. Due to the

special environmental conditions required for seedling germination and

establishment, spruce has evolved a reproductive capacity to maintain

itself in the forest. This capacity involves better germination and

survival on decaying logs and other organic seedbeds than in mineral

soil and a better growth response in higher light intensities. Thus,

so long as blowdowns occur, spruce can maintain its dominance as a

canopy species in the forest.

Bivariate linear correlation coefficients and regression analyses

were used to relate stand characteristics, such as tree density and

basal area, to such site factors as slope and relative moisture value

derived from aspect. There was a significant negative correlation be-

tween the total basal area of stands and slope, and also between the

density of hemlock and slope. There was a significant positive rela-

tionship between the density of spruce and relative moisture value. It

may be inferred from these results that spruce is generally more pro-

ductive on moist, north-facing slopes, whereas, hemlock is more pro-

ductive on less moist, south-facing slopes. Stand productivity, on the

basis of basal area of spruce and hemlock, is generally higher on ridges

and upper slopes than on loWer slopes and valleys.
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Clustering analysis and stand ordinations using polar ordination

(PO), principal components analysis (PCA), and reciprocal averaging (RA)

have been employed to: 1) identify community types and to describe the

phytosociological relationships among them, and 2) relate the observed

vegetation pattern to topographic gradients. Six community types were

identified. The Pisi/Oxor-Mesu type is dominated by spruce in the tree

stratum. The shrub stratum is poorly developed and Oxalis oregana domi-

nates the herb stratum. Melica subulata is a diagnostic species which

confers a meadow-like appearance to this community. The community is

generally found in shallow soils on ridge tops.

The Pisi/Mefe-Vapa/Oxor community type is also dominated by spruce

in the tree layer, but unlike the Pisi/Oxor-Mesu type, shrubs are very

well represented with Menziesia ferruginea and Vaccinum parvifolium,

the dominants. Again, Oxalis oregana dominates the herb layer with

Melica subulata playing a less important role. Mosses and liverworts

are well represented here. This community type is common on upper

slopes with deep soils.

The most productive community is the Pisi/Pomu type found on all

sorts of slope aspect, but commonly on middle to upper slopes. Spruce

dominates the tree stratum and the shrub stratum is not dominated by

any one species although Menziesia ferruginea and Vaccinium parvifolium

are again fairly well represented. Polystichum munitum totally domi-

nates the herb stratum. The soils under this community are fairly deep

and generally have a distinct 02 horizon above a black silt loam or

silty clay loam surface horizon.
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In the Pisi/Pomu-Blsp community type, the herb layer is dominated

by ferns just like the Pisi/Gash/Pomu-Blsp type. The difference be-

tween the two community types is the high coverage of Gaultheria shallon

in the Pisi/Gash/Pomu-Blsp type. Both communities favor lower slopes

and are generally found on shallow to moderately deep soils. Whereas,

the Pisi/Gash/Pomu-Blsp type shows no preference for slope aspect, the

Pisi/Pomu-Blsp type is usually found on north- to east-facing slopes.

The Tshe/Gash/Pomu community is the only type in which hemlock

dominates spruce in the overstory. It is often found on lower south-

to west-facing slopes on well-drained, deep silt loam soils. This com-

munity is very similar to the transitional Pisi/Gash/Pomu-Blsp type but

Blechnum spicant is less important and hemlock replaces spruce as the

dominant canopy species.

Linear correlation and regression analyses have indicated that the

first axis of the stand ordination represents a "complex" slope gradient.

RA accounted for more variation in the sample scores along the first

axis than either PCA or P0. It may be concluded, therefore, that RA

can be used to check for the ecological validity of the relationships

obtained using PCA. The variation in vegetation patterns along the

slope gradient was complicated by the fact that pits and mounds played

an important but not clearly understood role regarding species distri-

bution along the slope gradient. Generally, herbaceous species occur

in the pits and shrubs and trees on the mounds but since microsucces-

sion is an on-going phenomenon, species composition of the pits and

mounds is also a function of time. Furthermore, soil physical proper-

ties, and species proximity to the pits and mounds may influence the
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ultimate species composition of the pits and mounds.

The second ordination axis of all three ordination techniques was

not significantly correlated with any variable. A possible composi-

tional gradient has been suggested because of differences in dominance

of spruce and hemlock but this has to be tested for confirmation.
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APPENDIX 1

SOIL PROFILE DESCRIPTION OF THE SALANDER SERIES ON CAPE PERPETUA

(Colors are for moist soil unless otherwise stated.)

All -- 0 to 7 inches; dark reddish brown (5 YR 3/2) silt loam,
dark reddish gray (5 YR 4/2) dry; moderate fine and medium granular
structure; slightly hard, friable, slightly sticky and slightly plastic;
many very fine and common fine to coarse roots; many very fine and fine
irregular pores; very strongly acid (pH 5.0); clear smooth boundary.

Al2 -- 7 to 15 inches; dark reddish brown (5 YR 3/2) silt loam,
dark reddish gray (5 YR 4/2) dry; moderate fine and medium granular
structure; slightly hard, very friable, slightly sticky and slightly
plastic; many very fine and common fine to coarse roots; many fine and
fine irregular pores; very strongly acid (pH 4.8); clear wavy boundary.
(Combined Al horizon is 10 to 20 inches thick.)

A3 -- 15 to 26 inches; dark reddish brown (5 YR 3/3) silt loam,
reddish brown (5 YR 4/3) dry; moderate medium granular structure;
slightly hard, very friable, slightly sticky and slightly plastic; many
very fine and common fine to coarse roots; many very fine and fine
irregular and few coarse tubular pores; strongly acid (pH 5.2); clear
wavy boundary. (0 to 12 inches thick.)

B21 -- 26 to 40 inches; dark reddish brown (5 YR 3/3) heavy silt
loam, reddish brown (5 YR 4/3) dry; moderate very fine subangular
blocky structure; hard, friable, slightly sticky and slightly plastic;
common very fine and few fine to coarse roots; many very fine and fine
irregular and tubular and few coarse tubular pores; strongly acid (pH
5.2); clear wavy boundary.

B22 -- 40 to 55 inches; dark reddish brown (5YR 3/4) light silty
clay loam, reddish brown (5 YR 5/4) dry; moderate medium subangular
blocky structure; hard, friable, slightly sticky and plastic; common
very fine and few fine to coarse roots; many very fine tubular and
irregular pores; very strongly acid (pH 5.0); gradual smooth boundary.
(Combined B2 horizon is 20 to 36 inches thick.)

B3 -- 55 to 65 inches; reddish brown (5 YR 4/4) silty clay loam,
reddish brown (5 YR 5/4) dry; weak fine subangular blocky structure;
hard, friable, slightly sticky and plastic; few fine and medium roots;
many very fine tubular and irregular pores; very strongly acid (pH 4.9).



APPENDIX 2
Approximate location of plots at the three sampling sites.

Location
eMap

for
Sits

7 . Tillamook?
lu Co
c" Lu0 :2.

Cape 0
Lookout

ill

Cascade z' LI
Head :1,. 1

1

c, :

1
'cr

I

a.- LCo.r-incolnl

Cape
Perpetua -J

60km

/
'z'

YC r
0

It -' '''' "1

,r,,--

G.

Z.3

7
a.

0 50 100m
A

8

\
i
A

I

I

0

i
CAPE LOOKOUT

cr
iti

-'
, "...., a

,

o
1 o

,,
co

'
02

,
, z,

%

I
' , 1

'.- "', ,',. \,
(.,, ....1

, , -

...... :

Trailheadk)
Parking Lot

To Sandi ake

CACADE

0 200 400m 0 50 100m

HEAD CAPE PERPETUA

',
, w

,

crg%int
I

i,13
'4-, 1--

r t
Q 1.1-...

. ,.
.,.., cis ,--
' 6 I

4oo, ,

r` '.%....

/
Miff Gr.

Z.3
c.i

7 c
a. .0-1

,
1

,

1

--. ; :-
,

1- '''.
1:7

Ca.o i

, cbw -
(1)Z im P..

i":7n- 10 I
'Landing°. 1

....,
\i= 1

CO%

-CO Io ... ...... - ,\ I ......

I

rrQ

Ov

v4,5,sW.

,......
Viewpoint .0- Sc.,I0. f/ vel °. S.

% ti .1 `sa
,--'

r
r
ol

I Visitor ,
1Viitor

t Center 'rs,
-,

, .
. le

Lincoln Co.
Lane Co.

- N-

1 05



APPENDIX 3

CONVERSION OF SLOPE ASPECT TO RELATIVE MOISTURE VALUE

*

Slope Aspect* Relative Moisture Value

SSW 1

SW 2

3

WSW 4

SSE 5

W 6

SE 7

WNW 8

ESE 9

NW 10

E 11

NNW 12

ENE 13

N 14

NE 15

NNE 16

SSW is the driest aspect and NNE the wettest. The

scale was derived from slope aspect-moisture regimes

suggested by Whittaker for the Great Smoky Mountains

of Tennessee and North Carolina, the Santa Catalina

Mountains of Arizona, and the Siskiyou Mountains of

Oregon and California.
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APPENDIX 4

INDEX FOR PIT-AND-MOUND TOPOGRAPHY

The following index was based on the number of pits and mounds

present within each 0.1-ha macroplot. A pit and a mound were considered

as a unit. Thus each pit (concave in shape) must necessarily have a

mound (convex in shape) adjacent to it. This criterion was useful in

eliminating other depressions and knolls in the landscape as pits and

mounds.

1 = None (no pits and mounds present)

2 = Slight (only one or two present)

3 = Some present (three or four present)

4 = Pronounced (more than four present)

APPENDIX 5

INDEX FOR DEGREE OF ILLUMINATION

The following index for degree of illumination was based solely on

visual assessments of the overall light condition within each 0.1-ha

macroplot. Although the index is very subjective, it nonetheless,

served to describe general canopy conditions within each plot.

1 = Full sunlight (almost no shade)

2 = Partial illumination (more light than shade)

3 = Moderate shade (more shade than light)

4 = Dense shade (almost no light)
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APPENDIX 6

CHECKLIST OF VASCULAR PLANTS OCCURRING WITHIN PLOTS
OF OLD-GROWTH SPRUCE FOREST IN THE OREGON COAST RANGE

Species Name Abbreviation Code

Achlys triphylla (Smith) DC. Actr

Actaea rubra (Ait.) Willd. Acru

Asarum caudatum Lindl. Asca

Athyrium filix-femina (L.) Roth Atfi

Blechnum spicant (L.) Roth Blsp

Bromus sp. Brsp

Byroids* Bryo

Clintonia uniflora (Schult.) Kunth Clun

Coptis laciniata Gray Cola

Dicentra formosa (Andr.) Walp. Difo

Disporium smithii (Hook.) Piper Dism

Dryopteris austriaca (Jacq.) Woynar ex Schinz & Thell. Drau

Galium trifidum L. Gatr

Gaultheria shallon Pursh Gash

Goodyera oblongifolia Raf. Goob

Listera cordata (L.) R. Br. Lico

Luzula parviflora (Ehrh.) Desv. Lupa

Lysichitum americanum Hult. & St. John Lyam

Maianthemum dilatatum (Wood) Nels. & Macbr. Madi

Melica subulata (Griseb.) Scribn. Mesu

Menziesia ferruginea Smith Mefe

Mimulus guttatus DC. Migu

Monotropa uniflora L. Moun

Montia sibirica (L.) How. Mosi

Oplopanax horridum (J. E. Smith) Miq. Opho

Oxalis oregana Nutt. ex T. E G. Oxor

Picea sitchensis (Bong.) Carr. Pisi

Poa sp. Posp

Polystichum munitum (Kaulf.) Presl Pomu
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Pteridium aquilinum (L.) Kuhn Ptaq

Rubus nivalis Dougl. ex Hook. Runi

Rubus parviflorus Nutt. Rupa

Rubus spectabilis Pursh Rusp

Sambucus racemosa L. var. arborescens (T. & G.) Gray Sara

Smilacina stellata (L.) Desf. Smst

Stachys mexicana Benth. Stme

Streptopus amplexifolius (L.) DC. var. americanus Schult. Stam

Tiarella trifoliata L. var. trifoliata Titr

Tiarella trifoliata L. var. unifoliata (Hook.) Durtz. Tiun

Trientalis latifolia Hook. Trla

Trillium ovatum Pursh Tray

Trisetum cernuum Trin. Trce

Tsuga heterophylla (Raf.) Sarg. Tshe

Vaccinium ovalifolium Smith Vaov

Vaccinium ovatum Pursh Vaot

Vaccinium parvifolium Smith Vapa

Viola sempervirens Greene Vise

Bryoids = all mosses and liverworts


