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Fire has played a prominent role in the development and char- 

acter of the ponderosa pine forests in western NorthAmerican. Its 

records are written in the scars of trees that have survived the fire. 

Careful studies of these fire -scars may be used as a means of recon- 

structing the fire history of the forest. 

This study was conducted in the Warm Springs Indian Reserva- 

tion of the east side of the Cascades in Oregon, and was aimed at 

describing the fire history of the area in terms of frequency of occur- 

rence, extent, and chronology, as these relate to somewhat different 

climate, topography, and vegetation structure found within the pon- 

derosa pine zone in this area. 

Since accurate interpretation of the fire history generally re- 

quired the exposure of the fire- scarred stumps through felling, the 

study areas were selected where tree felling was recent or in progress. 

Four study areas were selected within the Warm Springs Indian 



Reservation. These areas were located within the cutting boundaries 

of the Tenino Bench, Seekseequa, Boulder Creek and Lionshead log- 

ging units. 

A total of 305 fire - scarred stumps were sampled during the 

course of the study, Information concerning the character of the 

stand in the vicinity of the fire - scarred stumps was obtained from 

100 x 100 foot plots. The fire - scarred stumps provided data pertinent 

to the frequency of fires during the past as indicated by the presence 

of successive ring scars. The date of a given fire was determined by 

counting the number of annual growth rings formed since the occur- 

rence of the ring scar, 

For the Tenino Bench area, numbers of successive ring scars 

observed on the stumps ranged from 5 to 23 with an average 9.4 per 

stump. Forty -seven percent of the total number of fire - scarred 

stumps sampled showed seven, eight, nine and ten successive ring 

scars with an average time interval of 16.5 years between the ring 

scars. Average minimum and maximum time intervals between the 

ring scars on the fire -scarred stumps observed on the Tenino Bench 

study area were 6. 5 and 36.3 years respectively. The number of 

successive ring scars on individual fire- scarred stumps averaged 

10.8 in the Seekseequa area. Seventy -eight percent of the trees ob- 

served here showed 7 to 12 successive ring scars. The least num- 

ber of ring scars occurring on any given stump was six. The 



greatest number was 25. The average time interval between ring 

scars was 14.2 years with an average minimum interval of 6. 2 years 

and the average maximum interval of 28.8 years. 

A sharp reduction in the number of successive ring scars per 

individual tree is noted in the Boulder Creek and Lionshead study 

areas located at higher elevations. Thirty -two percent of the total 

number of stumps examined in the Boulder Creek area showed two, 

three and four successive ring scars with an average of 7. 2 per 

stump. The bulk of the trees sampled showed numbers of ring scars 

ranging from two to ten. On the Lionshead area 63 percent of the 

trees showed less than seven successive ring scars. The average 

number of successive ring scars per stump was 6. 3. The maximum 

number of successive ring scars observed in this area was 14. Al- 

though the frequency of fires was higher in the two most xeric areas 

(Tenino Bench and Seekseequa) these fires did not appear to be as 

severe (as evidenced by the size of the fire -scars) as the two more 

mesic areas (Boulder Creek and Lionshead). The difference in fre- 

quency and severity of fires within the ponderosa pine zone appears 

in part related to the susceptability of the area to fire and the accu- 

mulation of the fuel materials. The greater frequency of less severe 

fire in the lower part of the pine zone may be due to the more open 

nature of the stand and the slower accumulation of fuel materials, 



The more moist conditions of the forest at higher elevation may ex- 

plain the less frequent occurrence of fire. However, because of the 

more dense nature of the forest and especially the presence of young 

age classes of more shade tolerant tree species, once fires do become 

started the possibility of the fire escalating to the crown type fire is 

greater. 

Ring scar evidence during the past 400 years indicates a sharp 

reduction in the frequency of fire since 1900. This marked decline 

in the occurrence of fire reflects the effectiveness of fire control 

efforts instigated by Federal Agencies in recent years. Changes in 

the composition and structure of this forest as a result of fire ex- 

clusion are noted. 
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FIRE HISTORY OF THE PONDEROSA PINE FORESTS OF THE 
WARM SPRINGS INDIAN RESERVATION, OREGON 

INTRODUCTION 

The importance of the role of fire in the development and char- 

acter of ponderosa pine forests in western North America has long 

been recognized. It has also been known that the history of fire in 

these forests may be reconstructed to some extent through an analysis 

of fire - scarred trees which have withstood repeated burning, 

-Although some studies pertaining to the fire history of ponderosa 

pine forests have been made in Arizona and California (9, 16, 47, 69, 

87), little information pertaining to the fire history of ponderosa pine 

forests of the Pacific Northwest is available. The most comprehen- 

sive study dealing with the fire history of the ponderosa pine forests 

of Oregon is reported by Keen (41 ), based on his observation of a 

limited number of fire- scarred trees from the Watkins Butte area 

north of Fort Rock, Oregon. Keen cited evidence to show that fire 

had swept the area in 1824, 1838, 1843, 1863, 1883 and again in 1888. 

Repeated occurrence of fires was also assumed for the seventeenth 

and eighteenth centuries. In spite of this repeated burning, Keen 

noted that the growth rate for these burned trees did not deviate mark- 

edly from adjacent unscarred trees. 
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Weaver (92) has called attention to evidence of repeated fires 

in the ponderosa pine forests on the Warm Springs Indian Reserva- 

tion in Oregon. He has pointed out the important role of fire in the 

natural development of this forest, and has emphasized the need for 

a better understanding of fire in the maintenance and management of 

these stands. 

The study described here is an attempt to obtain more informa- 

tion regarding the role of fire in the ponderosa pine forests in the 

Central Cascades of Oregon. Interest in this subject developed 

through contacts with Weaver's initial studies, and through an 

acquaintance with the problem during the course of several days in 

the field with Neil E. West during the time he was collecting data for 

his gradient analysis study (98) in the area. Particularly apparent 

at this time was the change in composition, structure, and extent of 

the forest which appears to be coming about through effective pre- 

sent-day fire control measures. 

The Warm Springs Indian Reservation provided ideal conditions 

for this study. The ponderosa pine zone is particularly well devel- 

oped here, ranging from the xeric to the more me sic forest type. 

addition the study coincided with the recent cutting in the area, and 

freshly cut stumps were available for study in a forest that had not 

been greatly disturbed by man up until this time. 

Through fire -scar analysis of a relatively large number of 

In 
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stumps ranging widely throughout the ponderosa pine forest zone, 

and some record of the character of forest stand in their vicinity, an 

attempt has been made to describe the fire history of the area, and to 

relate this in some degree to the structure of the forest. It is also 

hoped that some insight may be obtained as to the future development 

of this forest, where with current forest management practices fire 

no longer plays a dominant role. 
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MAN'S CHANGING ATTITUDE 
TOWARD FOREST FIRES 

Historical evidence indicates that man has used and manipulated 

fire for about a half million years, but that he has learned to produce 

it only within the last 10 to 20 thousand years (73). 

During those hundreds of thousands of years when man carried 

and maintained fire, but did not know how to make it, Stewart (73) 

presumes that their constant concern was to keep fire alight. Accord- 

ing to him, families moving across the landscape in the temperate 

zone must have tried to leave each other fire, banked and burning, 

thus providing the means for perpetuating the fire that was important 

for their daily use. The fire resources available to man were light- 

ning strikes, volcanoes, or smoldering coals which may have been 

left alight intentionally. The threat of these smoldering fires getting 

out of control and burning areas must have also been a distinct possi- 

bility, 

Even after the invention of the primitive fire -making tools by 

the aborigines, Komarek (45) goes so far as to speculate that man 

had little use for the forest except for fuel and shelter. He cites 

evidence to support the belief that in most instances man fought the 

forest with fire and other means to increase grassland and field land 

for primitive pasture and farming. 
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Reynolds (9) is of the opinion that fire was used by North 

American Indians as a tool for clearing understory vegetation for cul- 

tivating land as well as for hunting. He believes that many forests in 

which the red man lived were in dynamic equilibrium with fires which 

ran through them periodically, Consequently, frequent fires, espe- 

cially in the drier forest of the west, permitted little opportunity for 

understory and litter to accumulate and resulted in forests which 

were more park -like than at present, 

Speaking about the pine forests of Sierra- Nevada, Jepson (39) 

stated that it was conceivable to assume that forests had been burned 

hundreds of times by the fires which were set by the American 

Indians to say nothing about thousands caused by lightning. He be- 

lieved that the Sierra Nevada forests, as the white man found them, 

were clearly the result of periodic burning and that the forest could 

be characterized as a fire -type containing plants with fire -adapted 

features. Many authors (9, 16, 21, 28, 39, 45, 47, 69) have reached 

the same conclusions that man made and manipulated fire, was a 

significant feature of the forest environment before white man arriv- 

ed on the North American continent, 

It was not until the early part of the nineteenth century that 

man's technology had developed to the level that forest products 

began to play a major role in his economy. It was only then that he 

began to protect and replace the forest he formerly tried so hard to 
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destroy (45). This changing attitude of man toward the forests, from 

destroying them to protecting them, was also fortified by the fact that 

many early American foresters were born and trained in Europe 

where forest fires for silvicultural and economic reasons could not 

be tolerated.(35). 

The fire exclusion which was intensively practiced by the early 

foresters appeared justified by their silvicultural concern that forest 

fires could act destructively in many ways. Kotok (47) listed several 

possible results that may be caused by fires: (a) it may heat -kill 

trees of all ages, together with associated shrubs, weeds and grasses, 

(b) it may burn down previously fire -scarred trees of all ages, (c) 

it may induce heavy scarring of tissue which may heal over or may 

be a source of infection by fungi or insects, (d) it may reduce the 

crowns of even the largest trees and affect subsequent growth, (e) it 

may remove vegetation competing with tree species and induce the 

increase of regeneration of these species, (f) more often it may re- 

move the tree species which are replaced by an invasion of shrubby 

plants, (g) it may injure the soilby reducing its water holding capacity 

andthrough changes of lime, nitrogen, or colloid contents; and this re- 

duction may affect the growth of the arborescent flora or place it at 

a competitive disadvantage. 

In spite of the logical arguments the ecological changes which 

resulted from the fire exclusion policy in the North American forests 
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within the past 50 to 70 years have not always been to man's best 

interest. Fire exclusion has proved to be disadvantageous for the 

perpetuation of the certain tree species in some of the forest lands. 

Chapman (14), for instance, has reported that long leaf pine (Pinus 

palustris Mill. ) in the Deep South failed to reproduce or even to sur- 

vive on areas where fire had been long excluded. This pine species 

is so well adapted to periodic fires that without burning, it is soon 

replaced by less valuable hardwood species. In this instance, as is 

often the case, the most valuable forest from man's point of view is 

the one perpetuated as a fire subclimax. 

Other examples of valuable subclimax tree species which have 

evolved in an environment of periodic fire and are dependent upon 

fire to large degree for their perpetuation may include, (a) the 

white pine and red pine forests of the Lake States, (b) the western 

larch and western white pine of the northern Rocky Mountains (c) 

the Douglas -fir forests of the Pacific Northwest and (d) the ponderosa 

pine forests throughout the western states (88). 

Dealing with the phenomena of forest fires with both good and 

bad effects; is bound to lead to a certain amount of controversy. 

More and more, however, man's attitude is becoming one of trying 

to understand the role of fire in the forest ecosystem, and attempting 

to manipulate and simulate its effect, especially where the perpetua- 

tion of fire -adapted forest species is desirable (45, 46, 57). 
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FIRE IN PONDEROSA PINE FORESTS 

There is no doubt that fires, either caused by lightning or man, 

were frequent in ponderosa pine forests throughout the United States. 

Data obtained by Court (9) on his study of fire history in an area of 

about five million acres of ponderosa pine forests and brush land 

from Yosemite park north to the Feather River in California, showed 

the number of lightning -caused fires per year for the last decade 

varied from 50 to 300, averaging somewhat more than 100 per year. 

Seasons with 200 or more lightning fires in the area seem to come at 

an interval of five to ten years. 

From the analysis of fire - scarred stump sections collected 

from various sites in the ponderosa pine forests of Arizona, Weaver 

(87) found that the most frequently burned trees showed an average 

interval of 4. 8 years between fires, while the longest average inter- 

val between fires exhibited by sample trees was 11.9 years. Kotok 

(47) also noted evidence of frequent fires in California pine forests. 

A study involving several thousand stumps showed intervals between 

fires ranging from three to eleven years. Forest fires in the region 

appeared to have been especially frequent between 1699 and 1899. In 

one study of a 74 acre stand of ponderosa pine on the Stanislaus Na- 

tional Forest, analysis of fire - scarred stumps showed 221 distinct 

fires between 1454 and 1912. Eighteen percent of the trees in this 
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stand were fire -scarred. Based on the data collected from the four 

fire - scarred stumps selected from widely separated areas on the 

Warm Springs Indian Reservation in Oregon, Weaver (92) concluded 

that fire had also occurred at frequent intervals in the ponderosa 

pine forests. 

The effects of fire upon the composition and the structure of 

ponderosa pine forests as a result of periodic fires was commonly 

noted by early explorers. They were particularly impressed with the 

"open" nature of these forests. Lt. Edward Beale wrote of Northern 

Arizona: 

It is the most beautiful region I ever remember to have 
seen in any part of the world. A vast forest of gigantic 
pines, intersected frequently with open glades, sprinkled 
all over with mountain meadows, and wide savannahs, 
and covered with the richest grasses, was traversed by 
our party in many days (16). 

Plummer (64) stated that ponderosa pine forests of the Central por- 

tion of Oregon Cascades were generally open, without much litter or 

undergrowth, and for this reason were almost immune from fire. He 

further reported that the understory in the ponderosa pine region 

bordering the timberless area of Eastern Oregon was often as clean 

as if it has been cleared so that one may ride a horse, even drive a 

vehicle without hindrance. 

Fire exclusions from ponderosa pine forest reflect the attitude 

of early foresters whose opinions about fires in ponderosa pine 
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forests were well summerized by Shaw and Kotok (69) after their 

study in the ponderosa pine forest of California. They state, 

The present California pine forests represent patchy, 
understocked stands worn down by the attrition of re- 
peated fires . . each successive fire adds its often 
imperceptible weight to the force of attrition that thins 
out the stand, weeds out the finest individual trees, and 
gradually reduces the forest in quantity and quality to 
the point where the returns will not justify the cost of 
logging. 

They felt, consequently, that fire exclusion is an effort that would 

permit nature to utilize the full growing power of the land and to 

restore the broken and under stocked forest to a more normal condi- 

tion. 

The changes in vegetation, structure and growth of ponderosa 

pine forests since the white man settlement were studied by Cooper 

(16) in Fort Apache Indian Reservation, Whiteriver, Arizona. The 

result of his study on two areas typical of the ponderosa pine forest 

in the most of the Southwest and in the primitive area of Malay Gap, 

where livestock have been excluded and natural fires have continued, 

showed that in all the old growth stands examined, there were fewer 

trees in the intermediate size classes from 8 -20 inches DBH than 

would be expected from theoretical distributions that have been fitted 

to even -aged stands elsewhere. He summerized among other things 

that the most important change in the ponderosa pine forest brought 

about by the white man has been the virtual exclusion of fire from the 

. 
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forests. Under natural conditions, light surface fires, set by light- 

ning or American Indians, had burned through all parts of the pine 

forests at regular intervals of three to ten years. These fires, he 

stated, acted as thinning agents and reduced surplus fuel. The major 

cause of the present excess of the ponderosa pine reproduction is 

actually the exclusion of fire. 

Weaver (92) has noted a certain ecological change in ponderosa 

pine forests of the Warm Springs Indian Reservation in Oregon due 

to the exclusion of fire. Over extensive areas ponderosa pine repro- 

duction thickets have developed in such density that growth has become 

stagnated. In other areas mature ponderosa pine stands have be- 

come monopolized by dense reproduction thickets of more shade - 

tolerant tree species, i. e. , Douglas -fir, incense cedar or grand fir. 

Heavy understory shrub cover is also noted. In his opinion dense 

tree reproduction and heavy shrub cover have adversely affected 

growth rate and vigor of the overstory ponderosa pines through com- 

petition for the limited soil moisture. Elaborating further, Weaver 

states that before the exclusion of fire, the forest floor could have 

been seeded by Douglas -fir, grand fir and incense cedar but their 

seedlings and saplings never survived the fires to grow to maturity 

except for very few fortunately situated individuals. On the contrary, 

ponderosa pine saplings were more able to survive since they are 

more adaptable in nature to periodic fires. Weaver also points out 
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that fire exclusion has resulted in an accumulation of litter, snags 

and windfalls in amounts which may be capable of supporting more 

severe fires, and more likely of spreading to tree crown destroying 

the entire forest. 

West's (98) vegetational analysis of the montane forests of the 

east flank of the Central Oregon Cascades, which included some areas 

of ponderosa pine within the boundary of the Warm Springs Indian Res- 

ervation, has indicated the modifications of the characteristic of size - 

age class mozaic of ponderosa pine due to fire exclusion. He also 

found that fire exclusion has undoubtedly changed the pattern of under - 

story vegetation. He surmised that the brush species have increased 

in density at the expense of herbaceous species, while mntk a more mesic' 

parts both types decline in density with the increase of canopy cover- 

age of tree species. 

Contradicting Weaver's strong supports of prescribed burning 

within this region, West (92) is of the opinion that ponderosa pine 

forests here are generally beyond the point of no return for applica- 

tion of fire as a management tool. The risk of crown fire is presently 

too high in view of density of tree and tree reproduction thickets and 

the logging debris left in many areas. 
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FIRE RECORDS FOR THE WARM SPRINGS INDIAN RESERVATION 
DURING THE PAST FORTY YEARS 

The first fire record in the files of the Forest Agency of the 

Warm Springs Indian Reservation dates back to 1925 (76). From 

then on, among other things, the date, the location, the size classi- 

fication, the number, the cause, the type of the vegetation burned, 

and the description of fires occurring each year within the reserva- 

tion have been reported annually. Fires are classified into the size 

of the burned area, namely class A for a fire with an area less than 

0.25 acre, class B from 0.25 to 10 acres, class C from 10 to 100 

acres, class D from 100 to 300 acres, and finally class E for a fire 

that burns an area of more than 300 acres. An account of these re- 

cords since 1925 is given in Table 1. According to this classifica- 

tion there have been 580 fires belonging to class A, 313 fires to 

class B, 126 to class C, and 30 to class D and E since 1925. Sixty - 

nine percent of the fires are reported to be caused by lightning, 25 

percent started accidently by man, and six percent, the causes are 

unidentified. The minimum number of fires at a given year was four 

in 1935. The greatest number in a given year was 100 fires, report- 

ed in 1961. The average for this 37 year period is 30.2 fires per 

year. 

The largest fire was reported to have occurred in 1938 and 
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Table 1. Fire records for the Warm Springs Indian Reservation 
from 1925 to 1962. 

YEAR 
SIZE CLASSIFICATION FIRE CAUSES 

A B D/E Lightning Man Unidentified 

1925 13 7 20 1 1 

1926 8 5 1 10 2 2 

1927 1 4 12 14 3 

1928 4 3 8 12 2 

1929 7 5 9 9 3 9 

1930 2 8 3 1 12 2 

1931 9 21 13 36 7 

1932 12 4 3 14 5 

1933 9 5 10 4 

1934 4 3 9 3 1 

1935 2 2 3 1 

1936 13 4 1 7 11 

1937 6 8 4 16 2 

1938 22 5 10 22 10 5 

1939 22 17 11 32 13 5 

1940 15 12 1 1 22 7 

1941 23 7 1 23 8 

1942 31 10 2 42 3 

1943 6 11 2 12 5 2 

1944 5 5 3 3 8 8 

1945 8 13 2 4 20 7 

1946 38 1 2 

1947 21 2 3 1 22 5 

1948 11 1 1 10 3 

1949 9 16 2 8 21 

C 

2 

1 

7 

2 

2 

- 

-- 
-- 
-- -- 
-- 

- 
- -. 

-- 
-- -- 

__ - -- 
__ 

__ -- 
-- -- 
-- -- 
-- 
-- 

-- 

-- -- 
-- 

-- 
-- 
-- 

-- -- -- -- 

-- 

-- -- 
-- 
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Table 1 continued. 

YEAR 
SIZE CLASSIFICATION FIRE CAUSES 

A B C D/E Lightning Man Unidentified 

1950 10 1 -- -- 7 4 -- 
1951 5 9 -- -- 6 6 -- 
1952 24 4 -- -- 4 16 -- 
1953 32 -_ -- -- 28 4 -- 
1954 26 4 2 -- 26 6 -- 
1955 39 2 2 2 27 10 8 

1956 16 3 1 1 14 6 1 

1957 17 11 4 1 25 6 -- 
1958 35 8 3 6 28 20 4 

1959 13 6 2 3 -- -- -- 
1960 23 9 3 2 -- -- '- 
1961 68 31 4 -- 8-7 12 4 

1962 9 9 2 -- 10 7 3 

313 126 30 655 235 54 
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covered some 100, 000 acres (Figure 1) much of which was non -for- 

ested range. Some aspects of the fire will be described here because 

of its size, recency and amount of recorded detail available. This 

fire started in the afternoon of July 21, 1938, when a lightning storm 

which was accompanied by only a slight amount of rain crossed the 

reservation from northwest to northeast causing 17 fires. Range and 

meadow land supported a particularly heavy stand of grass resulting 

from unusually heavy precipitation during the previous winter and 

early spring, and when summer months arrived the dried grasses 

provided an unusual amount of easily ignitable material. Weather 

conditions were such that the fire spread with unbelievable rapidity. 

The fire lasted for three days, burning 40, 000 acres of heavy timber, 

including 7, 000 acres of pine reproduction on the Tenino and Metolius 

Benches. Approximately 15, 000, 000 cubic feet of merchantable 

timber was destroyed. In addition 80, 000 acres of non -timberland 

(grassland) was burned. 

Weaver (92) who was active in the fire suppression effort, ob- 

served conditions of burned as well as unburned forests at the time 

and for several years thereafter. He noted greatest damage toforests 

located on canyon slopes. On more extensive tableland, however, 

the fire was often silviculturally beneficial. Here ground fires con- 

sumed snags and windfalls caused by a previous and severe epidemic 

of western pine beetle, Dendroctonus brevicordis Le Conte while in 



Figure 1. Shaded portion indicates the extent and location of the 1938 fire. 
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reproduction thickets, dominant saplings and poles of ponderosa pine 

still survived the fire in sufficient numbers to provide a fairly well - 

stocked stand. Although the understory bitterbrush was drastically 

thinned, enough plants escaped to keep this layer of forest intact. 

These burned stands are still free of fuel accumulation and 

brush, and exhibit a parklike appearance to some extent. The remain- 

ing fire -thinned stand, representing several age -classes of pine, 

appears to be in vigorous condition and in many respects represents 

a more desirable forest condition than the adjacent unburned forest. 

Referring to the unburned forest, Weaver (92) states: 

Brush is considerably higher and denser, while the re- 
production of associated species, particularly Douglas - 
fir has developed considerably both in height and density. 
Vigor of the overstory pine has continued to decline. 
Hazard has continued to increase and several recent 
fires, though promptly controlled, have devastated the 
area covered. 

Figure 2 taken at the Tommy Corral Road at the western edge 

of the 1938 fire, shows the contrasting differences in density of under - 

story as well as the vigor of overstory between unburned and burned 

areas. 

Weaver (92) also described another destructive fire in 1930 at 

a higher elevation where Douglas -fir and grand fir occurred mixed 

with ponderosa pine. Here the fire escalated to a crown burn cover- 

ing several thousand acres on the east and north slope of North Butte. 

The large, more fire -resistant trees of ponderosa pine provided 



B C 

Figure 2. 
A= unburned stand of ponderosa pine. B =fire line of 1938 fire at Tommy Corral Road. 
C= burned stand of ponderosa pine across the Tommy Corral Road adjacent to stand A. 

Note that in this particular case the degree of thinning provided by the fire appears to have resulted 
in a more vigorous stand as well as having reduced the subsequent forest fire hazard. 
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abundant seeds after the fire and subsequently abundant seedling 

establishment occurred as an aftermath of the fire. Snowbrush 

(Ceanothus velutinus Dougl,) and manzanita (Arc tostaphylos patula 

Greene) seedlings and re sprouts were also abundant and subsequently 

developed to the point where ponderosa pine seedlings became quite 

depressed. 
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DESCRIPTION OF STUDY AREA 

Geographical Location 

The general area of the study is within the Warm Springs Indian 

Reservation, located on the east flank of Cascade Mountains in Wasco 

and Jefferson counties of Oregon, and covering an area of about 

502, 000 acres (Figure 3). Boundaries of the Reservation extend from 

latitude 440 34 north to 450 3 north, and from longitude 1210 32 

west to 1210 18 west. 

Physiography and Geology 

The Cascade Mountains of Oregon belong to the Sierra- Cascade 

Province which structurally is a continuation of the Sierra -Nevada 

fault block mountains to the east of the Central Valley of California 

and extending from Northern California through Western Oregon and 

Washington merging with the Rocky Mountains in Southern British 

Columbia (26, p. 419). 

Baldwin (5, p. 37-49) divides the Oregon Cascades into two parts, 

the Western Cascades of Eocene and Miocene age, and the younger and 

higher Eastern Cascades of Pliocene age. Williams (101) dates the 

early eruption of High Cascades as lower Pliocene. This early out- 

pouring came mostly from broad shield volcanoes with little 
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Figure 3. Location of the Warm Springs Indian Reservation in Oregon 
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explosive activity. The explosive activity occurred later in many of 

presently existing high peaks. Many parasitic cones were formed at 

the bases of the larger peaks during this time. Pleistocene glacia- 

tion has altered the High Cascades to some extent, obliterating many 

of the parasitic cones and cutting numerous U- shaped valleys at 

higher elevations with glacial outwash plains and canyons below. 

Glaciers still exist on a number of the High Cascade peaks, includ- 

ing Three Sisters, Three -fingered Jack and Mount Jefferson. The 

east flank of Cascade Range is less dissected then the western slope 

due to more recent geologic activity and less rainfall. However, 

glacial run -off and considerable precipitation, especially snow fall 

at higher elevations, have resulted in the development of a number of 

canyons. 

The topography of the Warm Springs Indian Reservation is 

strongly modified by the geological activity of the Pleistocene. 

the east where the Deschutes River marks the boundary, the land is 

very broken topographically containing many canyons ranging from 

500 to 1,700 feet in depth. West of the southeastern boundary are the 

Tenino and Metolius Benches. These two benches are separated by 

canyons of Seekseequa River which flows eastward to the Deschutes 

River. Elevations range from 1, 000 feet near the Deschutes River 

at the northeast corner of the reservation to 9, 000 feet on the east 

slope of Mount Jefferson which is located within the Reservation 

To 
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boundary in the southeast corner, 

Soils 

West's (98) description of the soil of Tenino Bench is appropri- 

ate for much of the area involved in this study, According to West 

these bench soils show little evidence of glacial outwash especially in 

the eastern more xeric section within the ponderosa pine zone, Fol- 

lowing the 1960 Soil Conservation Service Classification, Seventh 

Approximation (78), the soil profiles fit into the Inceptisol (Intrazonal) 

order, Ochrept (Braunerde -Brown forest) suborder, and Dystrocrept 

Great Group. West concludes that since the soils are still quite 

young, the productivity potential of these pine lands may be discern- 

able in terms of the tree height and the distribution of the associated 

plants, which appear to show greater sensitivity to the climatic grad- 

ient than does soil. 

Climate 

Situated on the east flank of Central Oregon Cascades, the 

Warm Springs Indian Reservation has characteristics of a continental 

climate. The temperature and precipitation fall off rapidly from the 

crest of the Cascades to the east as cooler air becomes compressed 

and warmed as it moves downward. As a result, a strong moisture 

and temperature gradient exists within the Reservation ranging from 
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regions of cool temperature and deep winter snow at the crest to hot 

and dry conditions at the eastern boundary. 

No weather data is available for the forest area studied. The 

most representative weather records for these pine forests are from 

Sisters, Oregon, some 30 miles to the south. The only weather sta- 

tion for the Warm Springs Indian Reservation is located at the eastern 

boundary of the Reservation and some 10 miles east of the pine mar- 

gin. Records of mean and maximum monthly precipitation and snow- 

fall of these two stations are given in Figures 4 and 5. 

Vegetation 

The vegetation of the area studied is characterized by the pres- 

ence of ponderosa pine, Pinus ponderosa Dougl. (Figure 6) which 

according to Oosting (58) and Gordon (32) is either a dominant or 

codominant tree species of the Montane Zone. Other tree species 

found in the study area are Douglas -fir, Pseudotsuga menziesii 

(Mirb. ) Franco; grand fir, Abies grandis Lindl, ; and incense cedar, 

Libocedrus decurrence Torr. 

Western larch or tamarack, Larix occidentalis Nutt. ; lodge 

pole pine, Pinus contorta var. Murryana (Balf. ) Englem. ; and west- 

ern white pine, Pinus monticola Dougl, are sparsely present at the 

higher elevations. 

Bitter brush, Purshia tridentata (Pursh) D. C. snowbrush, 
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Figure 4. Weather data. Mean and maximum montly temperature. 
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Figure 5. Weather data. Mean monthly precipitation and snowfall. 
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Figure 6. Ponderosa pine region in Oregon 
Shaded area = Ponderosa pine region 
Broken line = Ponderosa pine range 
(From Munger, 55 Plate 1) 
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Ceanothus velutinus Dougl. ; and manzanita, Arctostaphylos patula 

Greene are the most common shrubs encountered in the study areas. 

Grasses are common in the herbaceous understory. Prominent 

species include: Idaho fesque, Festuca idahoensis Elmer; bottle - 

brush squirrel tail, Sitanion hystrix (Nutt.) J. G. Smith; pine grass, 

Calamagrostis rubescens Buckl.; needle grass, Stipa sp. L.; and 

cheat grass, Bromus tectorum L. 

Although a considerable variety of forb species were found in 

the study area, their contribution to the vegetation of the area in 

terms of biomass is quite low. 

Selection of study areas 

Since accurate interpretation of the fire -scar history of a tree 

generally requires an exposure of the tree through felling, the study 

areas were selected where tree felling was recent or in progress. 

Four study areas were selected, namely the Tenino Bench, Seeksee- 

qua, Boulder Creek and Lionshead logging units, covering areas of 

approximately 17, 18, 19, 6 sections (Figure 7) respectively. Each 

of these areas was somewhat different in elevation, topography and 

plant community structure and thus especially appropriate for the 

questions pursued in the study. 
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Tenino Bench Area 

The Shitike and Seekseequa Rivers form the north and south 

boundary of this area. Elevation varies from approximately 2, 841 

feet at the eastern boundary to 3, 200 feet at the western boundary 

(Figure 8). The forest is predominantly ponderosa pine with some 

Douglas -fir occurring on north slopes and higher elevations to the 

west. Open areas occurring on shallow and rocky soils occupy 10 

to 15 percent of the area. The eastern section of Tenino was burned 

in 1938. This was the largest fire ever recorded on the Warm 

Springs Indian Reservation covering a total of 100, 000 acres includ- 

ing 20, 000 acres of ponderosa pine forest land. The western limit 

of the fire is marked by the Tommy Corral road where the fire line 

is still quite visible. 

Seekseequa Area 

The Seekseequa area is situated south of the Tenino logging 

unit; in fact the south boundary of the Tenino Bench area forms the 

north boundary of the Seekseequa area (Figure 7). 

Whereas Tenino Bench has generally gentle -topography, Seeksee- 

qua is quite a rugged country (Figure 9) with considerable extremes 

in elevation ranging from 2, 000 feet to 3, 500 feet. In general the 

ponderosa pine forests in this area occur at a higher elevation than 



Figure 8. The heavy black line indicates the boundary of the 
Tenino Bench study area which coincides with the 
Tenino Bench logging unit. 

The black dots designate the location of the plots, 
therefore, mark the location of the stumps exam- 
ined on the study.. 

The white areas indicate the meadows. 

Section lines and numbers are shown. 
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Figure 8. Tenino Bench study area. 



Figure 9. The heavy black line indicates the boundary of the 
Seekseequa study area which coincides with the 
Seekseequa logging unit. 

The black dots designate the location of the plots, 
therefore, mark the location of the stumps exam- 
ined on the study. 

The darkened areas indicate the meadows. 

Section lines and numbers are shown. 



Figure 9. Seekseequa study area. 
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on the Tenino Bench area; the trees are larger and taller, and the 

clusters of reproduction which occur are more vigorous. Young 

Douglas -fir are predominant in the understory at the higher eleva- 

tions to the west. Incense cedar reproduction one to fifteen feet tall 

and ranging from 40 to 60 years of age, is a common under story 

species at intermediate elevations particularly in areas where forest 

fires have not occurred in recent years. 

Boulder Creek Area 

This area is located within the Boulder Creek and 40 -Road log- 

ging units (Figures 10 and 11). The general topography of the area 

is broken but not as rugged as the Seekseequa area. The elevation is 

higher than Seekseequa, ranging from 3, 200 feet to 4, 000 feet. 

The ponderosa pine is the dominant species on the eastern 

portion. At the higher elevations toward the western boundary, 

Douglas -fir is dominant. 

As in the Tenino Bench area, some open areas occurring on 

the shallow soils support only grasses and other meadow type species. 

Lodge pole pine occurs as scattered trees at the higher elevation in 

the area. 

Lionshead 

This study area is situated further west and at a considerably 



Figure 10. The heavy black line indicates the boundary of the 
east part of the Boulder Creek study area which 
coincides with the Boulder Creek logging unit. 

The black dots designate the location of the plots, 
therefore, mark the location of the stumps exam- 
ined on the study. 

The black areas indicate the meadows. 

Section lines and numbers are shown. 



9 S. 

Figure 10. East part of the Boulder Creek study area. 
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Figure 11. The heavy black line indicates the boundary of the 
west part of the Boulder Creek study area which 
coincides with the 42 -Road logging unit. 

The black dots designate the location of the plots, 
therefore, mark the location of the stumps exam- 
ined on the study.. 

The black areas indicate the meadows. 

Section lines and numbers are shown. 
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Figure 11. West part of the Boulder Creek study area. 
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higher elevation than the Boulder area (Figure 12). The altitude 

ranges from the 4, 200 feet at the western base of Shitike Butte to 

4, 600 feet on the western boundary. The boundary of the area is 

bordered by the deep canyon of the White Water River where altitude 

drops drastically from 4, 400 feet to 3, 400 feet. Shitike Creek marks 

the northern boundary of this area. The stand is dominated by young 

Douglas -fir and grand fir, Abies grandis Lindl. The loggers experi- 

enced .a difficulty in cutting a few widely scattered and old ponderosa 

pine in this area because of heavy sapling stands of Douglas -fir and 

grand fir. The author also experienced trouble in seeking out fire - 

scarred stumps and trees and establishing plots. Other tree species 

with lesser density to be found in the stand include; western larch, 

Larix occidentalis Nutt.; western white pine, Pinus monticola Dougl.; 

alpine fir, Abies lasiocarpa (Hook.) Nutt. 



Figure 12. The heavy black line indicates the boundary of the 
Lionshead study area which coincides with the 
Lionshead logging unit. 

The black dots designate the location of the plots, 
therefore, mark the location of the stumps exam- 
ined on the study. 

Section lines and numbers are shown. 
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METHODOLOGY 

The primary objective of the field work was to locate a suffi- 

cient number of recently cut fire- scarred trees within the study 

areas (logging units) described to obtain a reasonable sample of fire 

history of the area. The cutting activity indicated the suitability of 

the four study areas selected. The newly cut fire - scarred stumps 

provided an opportunity to date the occurrence of fires and to relate 

this fire history to the character of the forest stand. 

A considerable amount of time was spent in becoming acquaint- 

ed with various persons in the forest agency of the Warm Springs 

Indian Reservation. The author arranged for transportation into the 

field with the agency personnel and /or loggers. Acquaintances estab- 

lished with these people was most helpful in the way of locating fire - 

scarred stumps and in obtaining the most desirable cutting surfaces 

from the standpoint, of annual rings as well as ring scars readability. 

During the second summer of the field work the author was provided 

with a pick -up truck through the kindness and interest of the Bureau 

of Indian Affairs, Portland, Oregon. 

Field Plot Establishment 

At the time the study was initiated logging operations were in 

progress on the Seekseequa, Boulder Creek and Lionshead logging 
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units. TheTenino Bench area had been logged one year earlier. 

The fire - scarred stumps were located throughout each of the areas 

through contacts with the logging crews and through much hiking. An 

effort was made to select fire -scarred stumps that would reveal the 

mostcomplete fire record and to select representative samples over 

as wide an area as possible. 

Once a suitable fire - scarred stump was found, the approximate 

location was marked on the topographic map of the area and the quar- 

ter section recorded. A tin foil marker was placed on each stump 

providing for relocation if necessary. 

Data pertinent to the stand adjacent to each selected stump was 

taken from a 100 x 100 foot plot with the fire- scarred stump located 

at the center. This was done by measuring a distance of 50 feet from 

the fire - scarred stump to the north, east, south and west directions 

to determine the edges of the plot (Figure 13). This procedure was 

carried out for establishing the plots in all four study areas so that 

all plots were uniformly oriented and of the same size and shape. 

The plant community within and surrounding the plots, and their 

physiographic features, namely elevation, percent slope, position 

on slope, aspect, land form, macro -and microrelief, were recorded 

using the Anderson and Poulton's method of soil -vegetation site re- 

connaissance (3). 
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A fire - scarred stump 
as a center of the plot 

al 

Figure 13, Diagram of sample plot with reference to the 
fire- scarred stump. 
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Sampling Procedure 

Three hundred and five plots were established during the 1963 

and 1964 field season, The number of plots within each study area 

was roughly related to the size of the area, degree of logging activity 

and number of fire -scarred stumps available. 

Seventy -fire plots were located within the Tenino Bench study 

area with 123, 64 and 43 plots located within the Seekseequa, Boulder 

Creek and Lionshead study areas respectively. The numbers, loca- 

tion and distribution of plots within each study area are shown in 

Figures 8, 9, 10, 11 and 12. 

Sampling procedure consisted of two parts. The first part in- 

volved the study of fire history through fire -scars analysis; the 

second part was concerned with a record of the tree, shrub and 

herbaceous plants to provide the vegetational context needed for the 

interpretation of this fire history. 

Fire Data 

Since the selected fire- scarred stump was always the center of 

the plot, the number of the plots established also represented the 

number of the fire - scarred stumps studied. Sometimes more than 

one stump was investigated within a plot, but the records were con- 

sidered as a check rather than separate data. 
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The first analysis made on the fire- scarred stump was to iden- 

tify the ring scars and to position these ring scars in terms of the 

year of occurrence. Realizing that fire may or may not always scar 

the tree, the frequency of fires recorded by the tree did not neces- 

sarily represent the actual frequency of fires that had occurred on 

the area, But at any rate, each ring scar found on the fire - scarred 

stump must have been the result of an individual fire occurring at 

any one time in the past within the area. 

The time of a fire that was identified by the presence of a ring 

scar on the fire - scarred stump was determined by counting the num- 

ber of growth rings put down by the cambium layer during the grow- 

ing seasons following the occurrence of fires. 

Since the effectiveness of the analysis was so dependent upon 

accurate ring counts, every effort was made to develop as high a 

degree of precision as possible. With this objective in mind stand- 

ards for stumps selection were guided by the following considera- 

tions: (1) Only those stump sections found on well drained slopes 

were chosen. Trees growing along the creek or rocky ridges were 

avoided. This was a precaution against the possibility of becoming 

involved with irregular growth ring patterns likely to occur on very 

wet or very dry sites. (2) Fire -scarred stumps damaged by insects 

to the extent that ring counting was made difficult were avoided, (3) 

Stumps were rejected for study when it became obvious that a fairly 
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accurate ring count could not be obtained using the technique avail- 

able. 

Preparation of the cut surface of the tree stump for ring scar 

identification and growth ring counts involved scraping away of 

sticky or dried pitch (oleoresin) and smoothing the surface to be 

studied with sand paper and /or a sharp knife and hatchet. Quite often 

a section of stump was removed and taken to the Agency shop where 

the electric sander was available. 

Only those ring scars which appeared quite positive were re- 

corded while the dubious ones were omitted. In many instances a 

definite curving of the growth rings following the formation of a ring 

scar was helpful in judging whether or not a ring scar did exist, even 

though the degree of curving varied from one location to another. 

Both magnifying lenses and a binocular microscope were used 

in the field to magnify, the narrow growth rings. The stage glass 

of the binocular microscope was removed so that the lenses could 

be focused on the growth rings when the microscope was set up on 

top of the fire- scarred stump. Sometimes, both the stage and base 

of the microscope had to be removed, and the microscope was held 

in a focusing position. 

In an attempt to reveal the intensity of fires in the area a rec- 

ord of the number of fire- scarred trees on each plot and the dimen- 

sion of each fire scar was obtained. 
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In case of fire - scarred stumps in the center of the plot, rather 

detailed measurements were obtained including the height and the 

diameter of the stump sections and the width and the depth of the 

scars. For the other fire - scarred trees within the plot (whether 

stump or trees that remained standing) the fire -scar was assigned 

to one of three size classes. Fire -scars less than 20 inches in 

heightwere listed as "small" scars the scars from 20 to 40 inches high 

as "medium" and the scars over 40 inches in height as "large ". 

In addition, the condition of fuel or combustible material with- 

in each plot area was rated as low, medium or high. This rating was 

based upon the combination and the amount of dead materials such as 

snags, windfalls etc. The thickness of litter upon the ground and the 

density of dried grasses was also taken into account, 

Vegetation Data 

Different patterns of vegetation structure and species compo- 

sition related to variations in the climate and topography of the area 

are apparent. These differences are especially recognizable in the 

area as one moves from lower more xeric conditions at the eastern 

boundary to the study area to more mesic conditions at high eleva- 

tion to the west. 

To provide some information regarding the character and var,- 

iation found within the forest and to obtain some basis for relating 
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the fire history and the character of the forest community, a certain 

amount of vegetational information was taken from each study plot. 

Whereas the logging operation facilitated the collection of 

fire -scar data by providing newly cut fire - scarred stumps, it creat- 

ed a number of problems as far as vegetational descriptions were 

concerned. The logging activity changed the natural structure of 

the overstory and in some instances almost completely removed the 

understory elements. 

Because the degree of disturbance varied greatly from plot to 

plot, only rather limited quantitative and mostly qualitative vegeta- 

tional data was taken. 

For the tree species, the number, height and DBH of the trees 

(over ten inches in diameter) found on the plots within all four study 

areas were recorded. A series of symbols were used to describe 

the distribution of size and age classes for a given tree species fol- 

lowing the method outlined by Anderson and Poulton (3). In addition, 

an estimation of the cover contributed by each size -age classes was 

made. Size -age class symbols, cover classes, and the manner in 

which they are combined is shown in Table 2. 
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Table 2. Size -age class distribution symbols used. 

Symbols Size -age Class 

Seedlings (less than ten inches tall) 

Saplings (less than six inches DBH) 

Poles and thrifty 
Mature and over -mature 
All classes present 

Table 3. Tree cover classes used. 

Cover classes Range in estimated cover 

1 

2 

3 

4 

5 

1 -10 percent 

11 -25 percent 

26 -50 percent 

51 -75 percent 
76-100 percent 

An example of the manner in which both the size -age class symbols 

and the estimated cover classes are combined is shown below. 

means that 26 -50 percent cover of seedlings = 3 

26 -50 percent cover of saplings = 3 

11 -25 percent cover of mature or 

over -mature = 2 

For the lesser understory plants (shrubs, forbs, and grasses) 

subjective numerical dominance ratings were made for each species 

at each plot location in a manner suggested by Anderson and Poulton 
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(3). The dominance classes and their definitions are as follows: 

Table 4. Dominance classes used for shrub, grass, and forb 
species. 

Dominance 
class 

Definition 

5 A dominant species 

4 A codominant species, if present 

3 A species that can easily be seen by 
standing in one place and looking 
casually around 

2 A species that can be seen while 
standing in 3 above only by looking 
about intently 

1 A species that one must hunt for to 
observe 
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RESULTS AND DISCUSSION 

Number of Successive Ring Scars on Fire - scarred Stumps 

Forest fires appear to be a characteristic feature of the pon- 

derosa pine forest environment. The intensity and extent of these 

fires may vary widely depending upon a variety of conditions. Gen- 

erally the fires are "ground type" fires confined primarily to the 

understory (49). Under certain conditions, however, the fires may 

extend to the canopy (crown fires) and the entire forest may burn. 

Evidence of the past fires (primarily ground fires) may be 

readily noted in the conspicuous fire scars which were formed on 

trees. Some individual trees have withstood repeated scars, re- 

covering and resuming their growth following the occurrence of 

these fires. In the course of time, a scar that was formed by indi- 

vidual fires on a given tree may "heal over" and may become com- 

pletely enclosed. In the process of healing the fire -scar becomes 

gradually covered with a layer of woody growth and forms the ring 

scar between the woody tissue that is laid down before and after the 

fire. This ring scar serves as a permanent record, providing evi- 

dence of the history of fires in the forest. Commonly, these scars 

when examined closely, will be found to have been "hollowed -out" 

by successive fires as evidenced by the presence of successive ring 
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scars. By counting the number of these successive ring scars, which 

have been formed on an individual tree, the number (frequency) of 

fires occurring in the past may be determined. 

One aspect of the study was to determine the number of suc- 

cessive ring scars (frequency) common to the fire - scarred trees in 

the area studied. Since there had been only selective logging con- 

ducted in this area prior to the study, it may be presumed that the 

fire records, as evidenced by the ring scars, may be cited as an 

example of the fire history in this type of ponderosa pine forest be- 

fore the advent of white man and the current forest management 

practices. 

Tenino Bench Area 

Seventy -five fire -scarred stumps were sampled in the Tenino 

Bench study area. The diameter of these stumps and the dimension of 

the fire -scars analyzed is shown in Table 5. The fire - scarred 

stumps range from 15 to 48 inches in diameter with an average of 

31.2 inches. The stump heights (the height at which the fire -scar 

was studied) ranged from 6 to 39 inches. The average height was 

14.4 inches. It may be noted that stump heights were quite similar 

in all four study areas. Where stumps were cut as high as 39 inches 

above the ground the purpose was to avoid fire - scarred defect. 
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Table 5. Size and number of fire- scarred stumps and the 
dimensions of the fire -scars. 

Tenino 
Bench Seekseequa Boulder 

Creek Lionshead 

Number of fire - scarred 
stumps observed 75 123 64 43 

Stump diameter 
(in inches) 
Average 31.2 37.1 33.1 36.1 

Range 15 -48 18 -60 14 -66 22 -55 

Stump height 
(in inches) 
Average 14.4 15.2 12.9 15.4 

Range 6 -39 9 -31 7 -23 8 -24 

Fire -scar width 
(in inches) 
Average 16.9 18.3 - -- 21.9 

Range 1-34 2 -34 3 -51 

Fire -scar depth 
(in inches) 
Average 4.8 7.4 - -- 9.5 

Range 1 -11 3 -25 - -- 5 -29 
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Average width and depth of fire -scar were 16.9 and 4.8 inches re- 

spectively with a wide range in values (Table 5). The depth of the scar 

was a measurement taken from the deepest penetration of the scar to 

the point at which this distance intersected the extension of the cir- 

cumference of the unburned protion of the stumps. 

The number of successive ring scars occurring on individual 

fire- scarred stumps sampled are given in Tables 6 and 7. 

Table 6. Some records on the occurrence of fires as indicated 
by the presence of ring scars on the stumps. 

Tenino 
Bench Seekseequa 

Boulder Lionshead Creek 

Total number of ring 
scars observed on 
stumps 

Number of ring scars 
per stump 

Average 

Range 

704 1331 459 273 

9.4 10.8 7.2 6.3 

5 -23 6 -25 2 -30 3 -14 

For the Tenino Bench study area, numbers of successive ring 

scars observed on sample fire - scarred stumps ranged from 5 to 23 

with an average of 9.4 per stump. There were 12, 8, 14 and 13 (47 

percent of the total number sampled) showing 7, 8, 9 and 10 suc- 

cessive ring scars respectively. The percentage of stumps showing 

varying numbers of ring scars for Tenino Bench and the rest of study 
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Table 7. Number of successive ring scars on sample fire - 
scarred stumps located within the four study areas. 

Number of 
successive 
ring scars 

Tenino Bench 
No, of 
stumps 

Seekseequa 
No. of 
stumps % 

Boulder Creek 
No. of 
stumps 

Lionshead 
No. of 
stumps % 

2 - 3 4.7 -_ _- 

3 - -- - -, 5 7.8 7 16.3 

4 -- - - 12 18.8 6 14,0 

5 3 4.0 -- -- 10 13.3 7 16.3 

6 6 8.0 4 3.3 3 4.7 7 16.3 

7 12 16.0 6 5.0 6 9.3 4 9.3 

8 8 10.7 18 14.9 6 9.3 3 7.0 

9 14 18.7 16 13.2 6 9.3 3 7.0 

10 13 17.3 13 10.7 3 4.7 2 4.7 

11 4 5.3 20 16.5 -- - 1 2.3 

12 7 9.3 19 14.0 5 7.8 -- - 

13 4 5.3 10 8.3 2 3.1 1 2.3 

14 1 1.3 7 5.8 1 1.6 2 4.7 

15 1 1.3 3 2.5 -- -- 
16 -- -- 2 1.7 -- -- -- 

17 1 1.3 3 2.5 -- -- -- 
18 - -- 1 0.8 1 1.6 ow NO 

23 1 1.3 -- -- -- - 

25 -- 1 0.8 -- -- -- -- 

30 -- -- 1 1.6 -- MI 

75 100 123 100 64 100 43 100 

% % 

-- 

- 
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area is given in bar graphs which are shown in Figure 14. This infor- 

mation is combined in Figure 16 for the purpose of comparing the 

number of ring scars received by the sample tree (stump) according 

to the different study areas reflecting somewhat different environ- 

ments and stand structure. 

Seekseequa Area 

The average stump diameter for the Seekseequa area was 37. 1 

inches with values ranging from 18 to 60. It will be noted that these 

were generally larger than those sampled on the Tenino Bench area. 

Average scar width and depth was 18.3 to 7.4 respectively. These 

higher values may reflect the greater size of the trees sampled and 

a somewhat more mesic area. 

The number of successive ring scars occurring on individual 

fire - scarred stumps (Tables 6 and 7, Figures 14 and 16) average 10,8 

per ' stump and is the highest of the four areas studied. Seventy -eight 

percent of the trees (stumps) showed 7 to 12 successive ring scars. 

The fewest number of ring scars occurring on any given stump was 

six and the highest number was 25. Distribution of the fire- scarred 

stumps according to the number of fires they :. sustained 

appears much like that shown for the Tenino Bench (Figures 14 and 

16). However, it will be noted that an increasing number of stumps 

on the Seekseequa unit sustained a higher number of successive fires, 
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Boulder Creek Area 

A marked change in the number of successive ring scars per 

individual trees is noted as the sampling moves to higher elevations 

and more mesic conditions which prevail on the Boulder Creek and 

Lionshead areas. 

For the first time a number of stumps (32 percent of the total 

number sampled) showed only 2, 3, and 4 ring scars (Table 7). The 

average number of scars per tree drops to 7.2 although there were 

two very old trees (stumps) with 18 and 30 successive ring scars. 

The bulk of the trees sampled showed numbers of ring scars ranging 

from two to ten. 

Distribution of the fire- scarred stumps according to number of 

ring scars (Figures 15 and 16) shows an increase in the numbers of 

trees with a low number of successive ring scars. 

Lionshead Area 

Stump diameter for the Lionshead averaged 36.1 inches and 

ranged from 32 to 55 inches. Average for scar width was 21.9 

inches. The average depth was 9.5 inches. These were the largest 

fire -scars encountered and reflect the larger and older trees and 

the more severe nature of fires that develop in the more dense for- 

est. 
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The average number of successive ring scars was 6. 3 with a 

large number of trees bearing a low number of ring scars. Sixty - 

three percent of the trees carried less than seven ring scars. There 

was one tree with 12 ring scars, one with 13 and two with 14. There 

were no trees with more than 14 ring scars. 

Percentages of trees sampled in relation to the number of ring 

scars are shown bn Figures 15 and 16. 

Although the fires that occurred in the Lionshead area appear- 

ed to be more severe the number of reoccurring ring scars left on 

any individual stumps was lowest here. 

Percentages of fire- scarred stumps for the four study areas 

showing various numbers of successive ring scars are presented in 

Table 7 and Figure 16 and combines the information given in Figures 14 

and 15 to facilitate comparisions among the study areas. The distri- 

bution of numbers of successive ring scars among the stumps ana- 

lyzed within the four areas is quite similar with a rapid increase and 

then a gradual reduction in numbers of stumps as the number of ring 

scars occurring per stump increases, This gradual decline in the 

numbers of trees which have sustained repeated fires is understand- 

able As the tree stand becomes older, fewer and fewer trees are 

left but there are more able to withstand fire (even though the fire 

scar itself may be vulnerable). The number of the trees that con- 

tinue to live through these fires will depend upon their size (bark. 
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thickness, height etc, ) and the nature of the fire. At higher eleva- 

tions where the forest is more dense, the likelihood of a crown fire 

is greater and the chances of a tree surviving this kind of fire becomes 

reduced. At lower elevations where the stand is sparser and ground 

fires are more likely to prevail, trees may withstand repeated burn - 

ings. A comparison of this decline in numbers of trees with numbers 

of ring scars may be made between Tenino Bench and Seekseequa 

areas (representing xeric conditions and many ring scars), and the 

Boulder Creek and Lionshead areas (representing more mesic condi- 

tions and fewer ring scars). 

The absence of stumps with less than five ring scars sampled 

on both the Tenino Bench and Seekseequa areas suggest the preva- 

lence of frequent ground fires here. Undoubtedly there are young 

trees in these areas which have been burned less than four times, 

but these scars healed quickly, and they are smaller trees which are 

not cut at this time. At higher elevations in the Boulder Creek and 

Lionshead regions it appears that fires were less frequent in the past 

because of more moist conditions,but more severe. Fires here when 

they do occur, due to the presence of younger age class of shade tol- 

erant tree species such as grand fir and . Douglas -fir, consume larger 

amounts of fuel and escalate to higher strata in the forest, With this 

type of fire, the younger trees are consumed and the old trees may 

receive severe fire -scars at their base, In some instances these fire 
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scars may extend a considerable distance up to the bole of surviving 

trees. 

The distribution of successive ring scars on the stumps investi- 

gated in the four study areas show similarities in fire history and 

their response to fire. But the data also shows differences in the fre- 

quency and the severity of their fires, These differences are re- 

lated to the kind of forest supported by a variable environment within 

the ponderosa pine forest and the character of the forest fires which 

are associated with these environments. 
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Fire Chronology 

Weaver and Clements (96) state that fires may leave their 

traces on the woody plants as bark scars, more often as wood scars 

and especially as ring scars, i. e. the scars at the edge of the wood 

scar at the point where cambium cells survived the fire, and sub- 

sequent cambium growth extends the living tissue back over the scar 

in the healing process. They state further more that the time of the 

fire may be determined by counting the number of annual rings put 

down since the ring scar was formed. With the reoccurring fires, 

a number of ring scars may occur on a tree; this provides evidence 

of dates of successive fires (Figure 17). The same authors (95) 

stress the significance of annual growth rings in reconstructing the 

history of a forest not only from the successional point of view, but 

also in the way of providing evidence of the past occurrence of fires. 

Man's knowledge of the relation between tree growth and time is in- 

dicated in some early records in history. Theophrastus, for instance, 

referred to the increase in size and diameter of trees with age, and 

was aware of the increase in the number of wood rings (66). Later, 

Leonardo da Vinci apparently suggested that secondary growth may 

be periodic and annual in nature. He also suspected a relationship 

between thickness of rings and the availability of moisture during the 

corresponding years (41). 
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Figure 17. Fire -scarred stump with dated ring scars. 
(From Weaver, 94) 
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Although the annual nature of secondary growth in woody spe- 

cies has been generally accepted for centuries, numerous studies 

have shown that human and biological factors may contribute to a 

variety of errors. The possibility of errors are many. Human 

errors may be made not only in the procedure of ring counting and 

analysis but also through failure to understand certain abnormalities 

in annual ring development. Missing rings may result through the 

failure of the cambium to form a sheath of xylem over the entire 

circumference of the tree which may be related to the disturbance of 

nutrient balance and other conditions. False and multiple rings may 

be formed by multiple cambial activity during one growing season 

which may be associated with sudden changes of weather within that 

particular growing season. 

In spite of the degree of errors which have been mentioned 

above, annual growth ring counting and analysis has proven a most 

reliable method for age determination of the woody species, espe- 

cially in temperate forest regions where strong seasonal contrasts 

are characteristic. 

The most extensive study dealing with the ring analysis in the 

Pacific Northwest is Keen's study with ponderosa pine (41). He re- 

ported that the climatic history of the region was reflected in the 

annual tree growth patterns, with adjacent trees as well as trees 

over a wide area responding to periods of favorable and unfavorable 
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climatic conditions. He further concluded that moisture was one of 

the most limiting factors for growth of ponderosa pine: 

When the moisture drops below the wilting coefficient, 
the tree suffers, foliage is lost, roots dry up and dia- 
meter growth diminishes almost to the vanishing point. 
Following severe drought, once adequate moisture con- 
ditions are again restored, it may take several years 
to recuperate. (41). 

Keen did not however, purposely extend his study to the fire history 

of the region. 

Several recent accounts of fire history of a forest area as in- 

terpreted from ring scars may be cited. Schanz- Hansen(67) points 

out the occurrence of wide spread fires in the Clouqet Forest in 

Minnesota through a study of a Norway pine fire - scarred stump. 

From the records of early pioneers in the regions, and from the 

examination of the fire - scarred stumps, Spurr (71) describes the 

developmental history of Itasca State Park, Minnesota during the 

nineteenth century. Aller (2) used growth ring counts from incre- 

ment boring to help establish the date of most recent forest fires 

in an ecological and taxonomical study of the flora of Monument 

Peak, Oregon. Weaver (92) has been the first to call attention to 

the fire history in the ponderosa pine forests of the Warm Springs 

Indian Reservation, Oregon. An annual ring count and analysis of 

four fire - scarred stumps collected from high to low elevations in 

the Reservation area showed that periodic fires were characteristic 
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features of the environment in the past. This finding led him to 

suggest that fires have played a dominant role in the development 

of this forest. The fire chronology reported in this dissertation ex- 

tends Weaver's study through more complete and extensive sam- 

plings. 

The earliest ring scar recorded in this study is estimated to 

have formed by fire in 1509 (Appendix Table 1 p. i0).The next 

oldest fire observed was recorded on a Douglas -fir stump located 

in the eastern part of the Boulder Creek study area. It is estimated 

that this 500 (plus) year old tree received its first fire scar in 1540. 

Since that time 29 successive ring scars are shown (Figure 18). The 

stump itself has been badly damaged by insect infections especially 

at the central part, yet it still provided readable annual rings and 

conspicuous ring scars. 

In order to show the relative occurrence of fires during the 

period of time that ring evidence was obtained, the number of ring 

scars observed on fire - scarred stumps during 50 year intervals 

(from 1500 to the present) are given in Table 8. It may be noted that 

few ring scars are recorded during the first two 50 year intervals 

(between 1500 and 1600) and that these are recorded only by old 

trees located on the Seekseequa and Boulder Creek areas. Only 

three ring scars were formed by firesi for the interval between 1500 to 

1550. From 1551 to 1600 five fires were recorded for the 

, 



Figure 18. Fire - scarred stump section 38 inches in diameter 
and approximately 500 years old the earliest fire - 
scar is estimated to have occurred in 1540. Pins 
shown in photograph mark the positions of 30 suc- 
cessive ring scars. 
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Table 8. Number of fires as indicated by the presence of ring scars on the fire - scarred 
stumps within estimated 50 year intervals. 

Study Areas 
1500 

to 
1550 

1551 
to 

1600 

1601 
to 

1650 

1651 
to 

1700 

1701 
to 

1750 

1751 
to 

1800 

1801 
to 

1850 

1851 
to 

1900 

1901 
to 

1964 

Total occurrence 
of fires 
dated 

Tenino Bench 7 10 16 33 46 50 39 201 

Seekseequa 2 5 6 8 24 45 50 48 39 217 

Boulder Creek 1 6 10 5 12 34 46 47 20 193 

Lionshead - 2 3 6 14 28 31 13 97 

Total 11 25 26 58 126 170 176 111 708 3 

-- 
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Seekseequa and six for the Boulder Creek areas. A gradual but signif- 

icant increase in the numbers of forest fires, (as evidenced by ring 

scars) is noted for the 50 year intervals from 1601 to 1900. A sharp 

decrease in number of fires occurs in the 1900 to 1964 interval. 

The number of fires occurring for the 50 year intervals (be- 

tween 1751 and 1900) is markedly higher for all study areas. For the 

Tenino Bench, Seekseequa and Boulder Creek study areas ring scars 

indicate that a fire occurred within each of these areas almost every 

year during a 100 year period (from 1801 to 1900). ` The number of 

fires occurring on the Lionshead area for the same 100 year periods 

was somewhat lower (Table 8). 

In addition to evidence of frequencies of occurrence of fires dur- 

ing the period of time that fire -scarred trees remained standing, the 

number of trees showing evidence of ring scar formed by fire during 

any given year is also of interest. This repeatability of fires on more 

than one stump provides some idea as to the size and extent of the fire 

and also the susceptibility of the trees to becoming scarred by fire. 

The number of stumps which showed evidence of being burned during 

the same year are given in Table 9. 

Between the years of 1_500 and 1750 the number_ of trees receiving 

a ring scar during the same year was very low., The highest number 

of trees scarred during any given year was six. This was in the 

Lionshead area in 1717 (Appendix Table 1, p. 109). The average 



Table 9. Number of stumps showing evidence (ring scars) of burning during the same year (range 
of number for stumps by 50 year intervals given). 

Study 
Areas 

1500 -1550 1551 -1600 1601 -1650 1651 -1700 1701 -1750 1751 -1800 1801 -1850 1851 -1900 1901 -1964 
Average R ange Average Range Average Range Average Range Average Range Average Range Average Range Average Range Average Range 

Tenino -- -- -- -- 1.0 1 -1 1.2 1 -3 1.6 1 -3 2.4 1 -3 3.8 1 -7 5.2 1-11 3.6 1 -17 
Bench 

Seek- 
seequa 

1.0 1 -1 1.0 1 -1 1.0 1 -1 1.1 1 -2 1.4 1 -3 4.0 1 -1a 7.6 1 -14 10.0 1 -31 3.8 1 -18 

Boulder 1.0 1 -1 1.1 1 -2 1. 1 1 -2 1.0 1 -1 1.1 1 -2 1.7 1 -3 2.6 1 -5 3.4 1 -10 2.8 1 -13 
Creek 

Lions- 

i 
head 

-- -- 1.0 1 -1 1.1 1 -2 2.0 1 -6 2.6 1 -9 2.6 1 -12 3.4 1 -14 2.8 1 -13 

I. 
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number of trees scarred during this 250 year period was slightly 

greater than one. 

The number of tree stumps showing evidence of burning during 

the same year was much higher during the 150 year period between 

1751 and 1900. This repeatability of ring scars during a given year 

on different trees is also related to the higher frequency of fire during 

the same period (1751 to 1900) (Table 8). The highest number of trees 

with ring scars formed during the same year was 31. This occurred in 

Seekseequa in 1863 (Appendix Table 1, p. 106) and may be cited as 

good evidence of an extensive fire in this area during this year. In 

fact the highest value for average repeatability of ring scars 
on different trees during any given year within the period of 

1751 to 1900, occurred on the Seekseequa study area. It will be noted 

that the Seekseequa area also showed the highest fire frequency value 

for the same period (Table 8). 

Some explanation for the high fire frequencies and also for the 

greater number of trees showing scars from fire during any given year 

during the period 1751 to 1900 is undoubtedly related to the ages of the 

trees examined. Most of these trees were approximately 300 years of 

age, with only a few reaching age beyond 400 years. For this reason 

a comparison of the relative frequency of fire before and after about 

1700 would be difficult because of the limited numbers of trees sampl- 

ed over 300 years of age. The answer to the question of whether fires 
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were more prevalent before the year 1700 then after will require a 

much greater degree of study of older trees than was possible in this 

effort. 

Evidence of the decline of forest fires since the turn of the 

century is clear, however. This undoubtedly reflects the effective- 

ness of the fire control effort instigated by Federal agencies in re- 

cent years. 

To best characterize the pattern of the occurrence of fires with- 

in each study area, a chronological arrangement of the total number 

of fires occurring in each area in the past was plotted against the 

numbers of stumps on which ring scars for any given year were ob- 

served. 

The results are given in Figures 19, 20, 21 and 22 for the 

Tenino Bench, Seekseequa, Boulder Creek, and Lionshead study area, 

respectively. Each black line shows the occurrence of fire at partic- 

ular year as evidenced by the presence of ring scars. The length of 

the line varies, depending upon the number of times ring scars were 

repeated (number of trees scarred during any particular year). Al- 

though each study area has its distinctive pattern which is character- 

ized by its own fire chronology, three features appear common to all 

areas: (a) the rareness of the fire records within the period of 1500 to 

1700, (b) the gradual but significant increase of fire records from 

1700 up to 1900, and reaching the peak within the period of 1750 to 
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Figure 19. Occurrence and repeatability of ring scars, Tenino Bench area. 
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Figure 20. Occurrence and repeatability of ring scars, Seekseequa area. 
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Figure 21. Occurrence and repeatability of ring scars, Boulder Creek area. 
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Figure 22. Occurrence and repeatability of ring scars, Lionshead area. 
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1900, and (c) the decline of fire records from 1900 up to the present 

time. 

It must be remembered, however, that the date of fire occur- 

rence given here is the best estimate, consistent with method used. 

It cannot be assumed that these dates are always correct. To obtain 

more exact dates would have required precision beond the capabil- 

ities of this study, It must also be remembered that the older the 

estimated date (further back in time) the greater the chance and de- 

gree of errors involved. 

An example of the limitation which must be kept in mind when in- 

terpreting the data presented here may be shown by reference to re- 

cent fire records. The boundaries of the 1938 fire on the Tenino 

Bench are well documented and the fire record since that time is com- 

plete. However, it will be noted that ring scar data for the Tenino 

Bench (Figure 18) show ten ring scars indicating the occurrence of 

fire during 1938, 17 during 1939, and eight during 1940. Since there 

were no fires recorded for this area in 1939 and 1940, ring scars in- 

dicated for these dates are obviously in error. The errors involved 

here appear related to the rate of recovery of the trees after burning. 

This recovery rate is in turn related to the severity of the burn 

and the age and the vigor of the tree at the time it was burned. 

The author was aware of this problem when counts were being 

made in the area. It was noted that younger, more vigorous 
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trees exhibited the correct number of annual rings, with the older and 

less vigorously growing trees showing an insufficient number . More 

detailed study would undoubtedly provide evidence of weakly developed 

growth rings, Since this degree of detail could not be allowed in view 

of the number of stumps required to meet the objectives of this study, 

counts on these stumps were made in a fashion consistent with pro- 

cedures used for all of the stumps studied, thus, attempting to avoid 

any bias. 

Data to this point has dealt with the occurrence and extent of 

fires within the study areas. Also of interest is the degree of burning 

which individual fire - scarred trees have sustained. Figures 23 and 

24 are of interest in this connection and indicate the rapid degree of 

recovery from fire which ponderosa pine is capable of exhibiting. The 

thinning of the tree stand, and the removal of the other competing 

species undoubtedly accentuated this degree of recovery. 

The average, maximum and minimum time interval between 

successive burns which the fire - scarred stumps exhibit are given in 

Table 10. The average number of growth rings between successive 

fires was 16.5, 14.2, 24.6 and 30.2 for the Tenino Bench, Seekseequa, 

Boulder Creek, and Lionshead areas, respectively. As has been pre- 

viously shown, trees in Seekseequa have been subjected to the most 

frequent fires. Stumps sampled in the Tenino Bench area in general 

are located at a lower elevation than those sampled on the Seekseequa 



Diameter : 

Age : 

Figure 23. 

5 inches 

46 years 

3 inches 

56 years 
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Comparison between growth of two ponderosa pine 
saplings approximately the same age and from the 
same site (located on the Tenino Bench area). The 
unburned tree was growing in a dense thicket of 
reproduction. The burned tree was growing in a 
former reproduction thicket which had been thinned 
by fire. 



Figure 24. 

1791 

Fire - scarred stump section, 34 inches in 
diameter and approximately 210 years old. 
Stump shows dramatic recovery from the 
fire -scar occurring in 1791. 
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and,. therefore, the question may be raised as to why the intervals 

between fires on individual trees was less on the more xeric Tenino 

Bench area. An explanation for this difference may lie in the differ- 

ence between the topography of the two areas. 

Table 10. Average, maximum and minimum time interval (in 
years) between successive ring scars observed for 
individual trees (stumps). 

Tenino Boulder 
Bench Seekseequa Creek Lionshead 

Average time interval 
observed on individual 
trees (stumps) 

Average minimum in- 
terval observed on 
individual trees (stumps 

Average maximum in- 
terval observed on 
individual trees (stumps) 

16.5 14.2 24.6 

6.5 6.2 

36. 3 28. 8 

30.2 

13.7 17.2 

44.9 54.9 

The Seekseequa area ranges from lower to higher elevations than 

the Tenino Bench and is more rugged topographically. Whereas fire 

on Tenino Bench may occur frequently because of the level topography 

and more open nature of the forest, the fire is likely to be less severe 

and consequently less chance that trees may be scarred by the fire 

passing through on this area. On the other hand, fires on the diverse 

topography such as exist on the Seekseequa area may be more easily 

generated, and as Weaver's observation during the 1938 fire would 
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indicate (92), tend to inflict a greater degree of damage to the forest 

resulting in more uniform and complete fire evidence on the surviv- 

ing trees. 

The marked reduction in the time interval between fires for 

trees from the Boulder Creek and Lionshead areas appears reason- 

able. The more mesic condition and the more closed type of forest 

associated with these sites may provide conditions less likely for fire 

to become started. However, because of the greater accumulation 

of fuel available, once those fires do develop they tend to be 

of the more severe "crown type. Only the larger and more favor- 

ably located trees can survive this type of fire. Fire -scars on these 

old and favorably situated trees show a longer time interval between 

fires but also indicate fires of a more severe nature when they do 

occur. 
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SUMMARY 

Fire has played a prominent role in the development and char- 

acter of the ponderosa pine forests in western North America. Its re- 

cords are written in the scars of trees that have survived the fire. 

Careful studies of these fire -scars may be used as a means of recon- 

structing the fire history of the forest. 

This study was conducted in the Warm Springs Indian Reserva- 

tion on the east side of the Cascades in Oregon, and was aimed at 

describing the fire history of the area in terms of frequency of oc- 

currence, extent, and chronology, as these relate to somewhat dif- 

ferent climate, topography, and vegetation structure found within the 

ponderosa pine zone in this area. 

Since accurate interpretation of the fire history generally re- 

quired the exposure of the fire - scarred stumps through felling, the 

study areas were selected where tree felling was recent or in progress. 

Four study areas were selected within the Warm Springs Indian Res- 

ervation. These areas were located within the cutting boundaries of 

the Tenino Bench, Seekseequa, Boulder Creek and Lionshead logging 

units. 

A total of 305 fire - scarred stumps were sampled during the 

course of the study, Information concerning the character of the 

stand in the vicinity of the fire - scarred stumps was obtained from 

100 x 100 foot plots. The fire- scarred stumps provided data pertinent 

to the frequency of fires during the past as indicated by the presence 

of successive ring scars. The date of a given fire was determined by 

.. 
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counting the number of annual growth rings formed since the occur- 

rence of the ring scar. 

For the Tenino Bench area, numbers of successive ring scars 

observed on the stumps ranged from 5 to 23 with an average 9.4 per 

stump. Forty - seven percent of the total number of fire -scarred 

stumps sampled showed seven, eight, nine and ten successive ring 

scars with an average time interval of 16.5 years between the ring 

scars. Average minimum and maximum time intervals between the 

ring scars on the fire - scarred stumps observed on the Tenino Bench 

study area were 6.5 and 36.3 years respectively. The number of 

successive ring scars on individual fire -scarred stumps averaged 

10.8 in the Seekseequa area. Seventy -eight percent of the trees ob- 

served here showed7 to 12 successive ring scars. The least num- 

ber of ring scars occurring on any given stump was six. The great- 

est number was 25. The average time interval between ring scars 

was 14.2 years with an average minimum interval of 6. 2 years and 

the average maximum interval of 28.8 years. 

A sharp reduction in the number of successive ring scars per 

individual tree is noted in the Boulder Creek and Lionshead study 

areas located at higher elevations. Thirty -two percent of the total 

number of stumps examined in the Boulder Creek area showed two, 

three and four successive ring scars with an average of 7. 2 per 

stump. The bulk of the trees sampled showed numbers of ring scars 

ranging from two to ten. On the Lionshead area 63 percent of the 

trees showed less than seven successive ring scars. The average 

number of successive ring scars per stump was 6. 3. The maximum 
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number of successive ring scars observed in this area was 14, Al- 

though the frequency of fires was higher in the two most xeric areas 

(Tenino Bench and Seekseequa) these fires did not appear to be as 

severe (as evidenced by the size of the fire- scars) as the two more 

mesic areas (Boulder Creek and Lionshead). The difference in fre- 

quency and severity of fires within the ponderosa pine zone appears 

in part related to the susceptibility of the area to fire and the accu- 

mulation of the fuel materials. The greater frequency of less severe 

fire in the lower part of the pine zone may be due to the more open 

nature of the stand and the slower accumulation of fuel materials. The 

more moist conditions of the forest at higher elevation may explain 

the less frequent occurrence of fire. However, because of the more 

dense nature of the forest and especially the presence of young age 

classes of more shade tolerant tree species, once fires do become 

started the possibility of the fire escalating to the crown type fire is 

greater. 

Ring scar evidence during the past 400 years indicates a sharp 

reduction in the frequency of fire since 1900. This marked decline 

in the occurrence of fire -- reflects the effectiveness of fire control 

efforts instigated by Federal Agencies in recent years. Changes in - 

the composition and structure of this forest as a result of fire ex- 

clusion are noted. 
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Appendix Table 1. Estimated date of ring scar formation and 
number of trees on which the ring scar was 
observed. 

Estimated yealiNo. 
of ring scar 
formed 

of stumps 
showing evi- 
dence of ring 
scar 

Estimated year 
of ring scar 
formed 

No. of stumps 
showing evi- 
dence of ring 
scar 

Estimated year 
of ring scar 
formed 

No. of stumps 
showing evi- 
dence of ring 
scar 

1601 

1608 

1615 

1630 

1634 

1639 

1646 

1654 

1659 

1666 

1670 

1676 

1683 

1693 

1696 

1703 

1705 

1711 

1714 

1723 

1729 

1 

1 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

2 

TENINO BENCH AREA 

1782 

1783 

1784 

1786 

1787 

1788 

1789 

1792 

1793 

1794 

1795 

1797 

1798 

1799 

1800 

1802 

1803 

1804 

1805 

1806 

1808 

1809 

2 

2 

2 

3 

2 

2 

3 

2 

1 

3 

4 

3 

5 

3 

3 

4 

3 

3 

1 

5 

6 

3 

1733 

1743 

1746 

1749 

1752 

1754 

1756 

1758 

1759 

1761 

1764 

1765 

1767 

1768 

1771 

1773 

1774 

1775 
1776 

1778 

1780 

1781 

2 

2 

1 

2 

1 

3 

2 

3 

1 

1 

1 

1 

2 

2 

1 

4 

1 

4 

1 

2 

5 

3 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed deuce of ring 

Scar 
formed dence of ring 

scar 

TENINO BENCH AREA (continued) 

1810 3 1836 3 1859 3 

1811 2 1837 4 1860 2 

1812 3 1838 5 1861 3 

1813 5 1839 3 1862 2 

1814 5 1840 4 1863 3 

1815 2 1841 5 1864 1 

1816 6 1842 7 1865 7 

1817 3 1843 2 1866 3 

1818 5 1844 7 1867 1 

1820 3 1845 4 1868 10 

1821 7 1846 4 1869 5 

1822 3 1847 6 1870 3 

1823 3 1848 7 1871 7 

1824 2 1849 4 1872 6 

1825 1 1850 1 1873 4 

1826 7 1874 6 

1827 3 1851 3 
1875 7 

1829 1 
1852 10 

1876 4 

1830 6 
1853 2 1877 3 

1831 2 1854 7 
1878 3 

1832 5 
1855 2 1879 2 

1833 2 1856 12 
1880 4 

1834 1 
1857 2 1881 8 

1835 6 
1858 12 

1882 11 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 

¡ formed dence of ring formed dence of ring formed Bence of ring 
' scar scar scar 
1 

TENINO BENCH AREA (continued) 

1883 7 1903 6 1929 1 

1884 4 1904 12 1931 1 

1885 8 1905 3 1936 1 

1886 5 1907 4 1938 10 

1887 8 1908 3 1939 17 

1888 3 1909 2 1940 8 

1889 8 1910 2 1941 1 

1890 6 1911 2 1942 3 

1891 3 1912 3 1945 1 

1892 6 1913 6 1946 1 

1893 5 1914 7 1948 2 

1894 2 1915 5 1949 2 

1895 8 1916 1 1950 2 

1896 11 1918 2 
1952 2 

1897 7 1920 1 

1956 1 
1898 7 1921 6 

1959 4 
1899 7 1922 1 

1900 1 1923 1 
1960 2 

1924 1 

1901 6 
1926 5 

1902 3 

SEEKSEEQUA AREA 

1509 1 1561 1 1575 

1542 1 1565 1 1587 1 

1 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year' No. of stumps 

of ring scar showing evi- of ring scar showing evi- of ring scar 
¡ 

showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed 

1 

dence of ring 
scar 

e 

SEEKSEEQUA AREA (continued) 

1509 

1612 

1622 

1628 

1629 

1634 

1640 

1651 

1661 

1669 

1684 

1695 

1696 

1697 

1711 

1712 

1715 

1718 

1720 

1722 

1723 

1725 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

1 

1 

2 

1 

1 

1 

1728 

1729 

1731 

1734 

1735 

1739 

1740 

1741 

1742 

1743 

1744 

1745 

1746 

1747 

1749 

1750 

1752 

1753 

1754 

1755 

1758 

1759 

1760 

1 

1 

1 

1 

3 

1 

3 

2 

1 

1 

1 

1 

2 

2 

2 

1 

2 

1 

2 

2 

1 

1 

3 

1761 

1762 

1763 

1765 

1766 

1768 

1769 

1770 

1771 

1772 

1773 

1774 

1775 

1776 

1777 

1778 

1779 

1780 

1781 

1782 

1783 

1784 

1785 

1786 

3 

3 

1 

1 

3 

1 

1 

5 

3 

6 

3 

2 

7 

5 

3 

8 

1 

5 

2 

8 

8 

4 

7 

3 

I 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed dence of ring 

scar 

SEEKSEEQUA AREA (continued) 

1787 4 1811 11 1835 11 

1788 3 1812 7 1836 9 

1789 8 1813 11 1837 10 

1790 2 1814 6 1838 8 

1791 5 1815 9 1839 7 

1792 10 1816 11 1840 9 

1793 4 1817 5 1841 1 

1794 6 1818 11 1842 10 

1795 5 1819 4 1843 11 

1796 4 1820 6 1844 10 

1797 8 1821 7 1845 9 

1798 7 1822 2 1846 6 

1799 6 1823 8 1847 7 

1800 3 1824 4 1848 5 

1825 5 1849 9 

1801 13 1826 7 1850 10 

1802 2 1827 8 

1803 6 1828 2 
1851 8 

1804 8 1852 8 
1829 10 

1805 7 1853 11 
1830 7 

1806 14 1831 11 
1854 23 

1807 2 1832 5 
1855 3 

1808 12 1833 6 
1856 8 

1809 3 1834 10 
1857 15 

1810 7 1858 8 
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Appendix Table 1. (continued) 
Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed deuce of ring 

scar 

SEEKSEEQUA AREA ( continued) 

1859 8 1884 11 1908 3 

1860 8 1885 12 1909 5 

1861 6 1886 18 1910 3 

1862 5 1887 5 1911 18 

1863 31 1888 12 1912 3 

1864 1 1889 12 1913 5 

1865 17 1890 6 1914 8 

1866 6 1891 6 1915 4 

1867 6 1893 26 1916 5 

1868 3 1894 8 1917 3 

1869 8 1895 10 1918 2 

1870 11 1896 7 1920 8 

1871 15 1897 11 1921 2 

1872 6 1898 6 1922 1 

1873 15 1899 8 1923 1 

1874 6 1900 8 1924 2 

1875 10 1927 2 

1876 10 1901 2 1928 1 

1878 8 1902 13 1929 4 

1879 5 1903 6 1930 4 

1880 14 1904 2 1931 1 

1881 14 1905 10 1932 2 

1882 10 1906 7 1933 2 

1883 8 1907 3 1935 3 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 

of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed dence of ring 

scar 

SEEKSEEQUA AREA (continued) 

1937 

1940 

1944 

1 

6 

3 

1946 1 

1947 1 

1952 1 

1954 

1959 

1540 

1558 

1568 

1579 

1591 

1594 

1599 

1602 

1604 

1608 

1616 

1628 

1631 

1637 

1647 

1650 

1665 

1682 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

BOULDER CREEK AREA 

1756 

1757 

1760 

1762 

1764 

1765 

1768 

1769 

1770 

1772 

1773 

1775 

1776 

1777 

1779 

1780 

1781 

1783 

1785 

1786 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

2 

4 

3 

1 

2 

2 

2 

2 

2 

1 

1684 1 

1697 1 

1699 1 

1701 2 

1706 1 

1711 1 

1715 1 

1723 1 

1726 1 

1735 1 

1736 1 

1738 1 

1742 1 

1747 1 

1750 1 

1751 3 

1752 1 

1753 2 

1 

1 

1 

- 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed deuce of ring 

scar 

BOULDER CREEK AREA (continued) 

1788 

1789 

1790 

1791 

1792 

1795 

1796 

1797 

1798 

1799 

1800 

1801 

1802 

1803 

1804 

1805 

1806 

1807 

1808 

1809 

1810 

1811 

1812 

1813 

3 

1 

1 

1 

2 

2 

4 

1 

3 

1 

2 

3 

1 

2 

1 

1 

2 

2 

4 

4 

1 

4 

2 

2 

1814 

1815 

1816 

1817 

1818 

1819 

1820 

1821 

1822 

1823 

1824 

1825 

1826 

1828 

1829 

1830 

1831 

1832 

1835 

1836 

1838 

1839 

1840 

1841 

3 

2 

2 

3 

3 

1 

3 

2 

5 

1 

5 

1 

1 

3 

1 

5 

4 

5 

4 

4 

1 

3 

4 

3 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

1851 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1862 

1863 

1865 

1866 

1867 

3 

4 

3 

2 

2 

4 

2 

1 

2 

4 

5 

2 

2 

4 

4 

1 

5 

1 

5 

2 

6 

1 

4 

4 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed dence of ring 

scar 

BOULDER CREEK AREA (continued) 

1868 5 1886 3 1903 1 

1869 3 1887 3 1904 5 

1870 7 1888 10 1906 2 

1871 3 1889 3 1907 1 

1872 1 1890 8 1908 13 

1873 2 1891 3 1909 2 

1874 1 1892 3 1911 1 

1875 7 1893 2 1912 1 

1876 2 1894 7 1914 6 

1877 1 1895 1 1915 1 

1878 2 1896 4 1918 1 

1879 3 1897 3 1919 2 

1880 2 1898 3 1920 1 

1881 5 1899 4 1921 1 

1882 3 1900 2 1924 2 

1883 4 1926 2 

1884 1 
1901 7 

1931 5 

1902 
1 

1885 3 1941 

LIONSHEAD AREA 

1614 1 1690 2 1737 1 

1634 1 1742 1 

1717 6 1747 

1653 1 1721 2 

1670 1 1730 1 1751 1 

1 

1 
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Appendix Table 1. (continued) 

Estimated year No, of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed dence of ring 

scar 
formed dence of ring 

scar 
formed dence of ring 

scar 

LIONSHEAD AREA (continued) 

1755 8 1820 1 1858 3 

1757 1 1821 5 1861 1 

1763 1 1823 1 1863 2 

1765 2 1824 5 1864 4 

1770 1 1825 1 1865 11 

1775 5 1831 1 1866 3 

1781 1 1834 3 1868 1 

1782 2 1835 2 1870 3 

1792 2 1836 1 1871 1 

1796 1 1837 1 1874 3 

1797 9 1838 1 1876 2 

1798 1 1840 1 1877 3 

1800 1 1842 2 1878 2 

1843 1 1880 2 

1803 1 
1844 12 1881 1 

1805 4 
1847 4 1882 2 

1808 2 
1849 2 1884 2 

1809 2 
1850 1 1885 3 

1810 11 1887 2 

1811 1 1851 11 1889 9 

1814 1 1852 1 1890 1 

1815 1 1853 1 1892 2 
1817 2 1854 1 1894 14 
1818 2 1856 6 1895 2 
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Appendix Table 1. (continued) 

Estimated year No. of stumps Estimated year No. of stumps Estimated year No. of stumps 
of ring scar showing evi- of ring scar showing evi- of ring scar showing evi- 
formed deuce of ring 

scar 
formed deuce of ring 

scar 
formed deuce of ring 

scar 

LIONSHEAD AREA (continued) 

1897 4 1908 7 1917 1 

1899 2 1910 13 1924 1 

1911 2 1927 1 

1902 1 1913 1 1931 1 

1904 1 
1915 2 1934 4 

1905 1 
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Appendix Table 2. Average, maximum and minimum time interval 
(in years) between successive ring scars for 
individual trees (stumps). 

Average Maximum Minimum Average Maximum Minimum 

TENINO BENCH AREA 

18.3 31 8 9.5 26 2 

10.8 20 2 15.6 47 2 

16.6 60 6 14.7 39 2 

25.5 51 15 12.5 21 7 

12.6 39 5 13.2 30 6 

16.7 40 6 30.7 51 12 

11.3 22 6 13.8 25 7 

11.6 15 7 16.1 40 10 

13.1 27 4 11.0 13 5 

13.7 38 4 18.7 26 10 

13.1 26 1 16.0 28 10 

13.3 23 7 21.5 59 8 

8.6 27 6 18.1 52 4 

14.9 56 2 18.6 53 4 

23.6 32 18 20.0 59 10 

21.6 39 13 24.1 59 2 

8.1 16 4 20.6 59 5 

15.7 25 7 24.0 41 16 

20.8 62 5 19.4 41 5 

11.4 19 8 17.6 45 7 

19,4 29 3 11.9 24 4 

11.3 19 2 17.2 45 6 

9.4 27 1 17.6 41 5 

8.2 21 4 23.5 44 8 

16.7 30 4 13.1 24 4 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

TENINO BENCH AREA (continued) 

14.0 30 6 14.0 38 6 

17.4 30 4 13.9 32 4 

21.1 51 11 16.9 27 3 

21.7 28 15 32.2 52 19 

10.0 18 3 23.3 45 19 

12.8 39 5 18.1 38 4 

21.0 62 2 18.1 51 10 

9.3 21 2 16.2 32 10 

16.5 24 7 14.5 51 2 

18.7 59 6 21.3 44 8 

17.3 30 6 
Ave.16.5 36.3 6.5 

17.1 41 2 

SEEKSEEQUA AREA 

11.3 29 4 11.8 22 3 

12.8 26 4 10.7 26 6 

12.8 60 1 13.2 24 7 

15.6 35 7 11.0 16 3 

19.1 50 3 14.0 25 9 

16.5 26 9 14.3 26 6 

11.5 32 6 11.0 26 5 

11.5 27 3 11.7 27 5 

13.1 33 6 15.1 49 6 

14.9 26 7 12.5 28 7 

16.5 33 7 18.0 40 8 

15,3 30 6 12.8 18 7 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

SEEKSEEQUA AREA (continued) 

12.8 21 5 9.7 19 3 

10.9 25 6 11.1 29 4 

1.2.9 49 5 12.2 26 3 

13.3 20 7 13.4 23 6 

17.5 56 9 11.1 21 3 

11.5 25 5 14.0 19 6 

12,5 22 7 12,7 25 7 

19.0 40 10 10.5 22 7 

12.8 26 8 16.9 27 10 

8.6 18 4 11.4 24 6 

11.4 28 4 9. 8 17 2 

16.8 35 6 18.6 25 11 

14.9 31 6 14.8 25 7 

11.6 24 7 9.5 19 5 

14,2 36 4 10.4 18 4 

20.6 36 9 13.2 26 3 

13.7 47 3 12.4 23 7 

9.5 17 5 9.S 25 6 

14.0 16 8 38.9 80 15 

17.6 30 7 14.8 27 8 

16.1 36 6 11.4 20 4 

15.1 21 3 16.6 27 5 

19.2 32 3 22,6 48 14 

10.1 21 4 13.0 26 5 

12,4 19 7 12.5 19 3 

12.7 24 8 12.0 26 3 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

SEEKSEEQUA AREA (continued) 

13.4 26 3 18.7 29 7 

18.7 26 12 13.5 15 7 

9.5 20 3 8.9 20 4 

11,4 22 5 11.3 18 5 

13.5 43 7 21.6 47 12 

9. 9 16 5 19.0 28 10 

12.3 23 5 12.5 19 7 

16.3 26 7 9. 8 19 4 

10.6 26 5 12.8 24 5 

20.8 43 7 12.0 26 6 

11.4 22 4 14.7 35 6 

15.0 25 8 13.7 20 5 

22.2 32 19 12.1 28 6 

12.6 22 4 15.6 26 9 

22.8 33 16 11.9 45 4 

21.2 42 7 7.2 10 3 

17.7 40 7 14.4 29 5 

17.0 40 6 13.5 22 8 

19.3 27 7 12,2 20 5 

12.5 24 8 19.4 36 11 

13.5 20 4 14.9 40 5 

27,2 122 7 12.5 25 4 

17.1 22 12 14.0 28 4 

10.5 22 2 Ave.14. 2 28.8 6.2 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

BOULDER CREEK AREA 

30.5 43 18 22.2 39 17 

29.3 56 14 32.3 25 14 

45.3 83 15 32.2 38 26 

26.3 37 17 24.2 47 14 

24.3 37 15 25.3 39 14 

76.7 194 16 22.0 34 16 

12.4 26 7 14.6 23 5 

31.3 47 23 19,0 23 14 

19.3 50 7 12.7 43 5 

11.0 19 4 18.6 88 6 

42.7 75 18 12.2 22 12 

16.5 29 4 22.3 34 10 

28.2 56 18 29.9 57 6 

45.5 56 35 14.3 22 7 

20.8 33 6 18.6 43 6 

25.0 55 10 17.4 30 9 

27.0 74 11 15.9 34 11 

21.8 54 8 13.5 26 6 

37.5 52 18 18.5 58 9 

37.0 45 29 16.0 34 10 

23.6 57 11 21.3 34 13 

70.3 72 68 20.3 20 13 

19.5 23 15 12.7 25 8 

32.0 46 18 22.3 50 13 

26.0 40 18 18.3 23 11 

28.8 55 19 14.5 31 9 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

BOULDER CREEK AREA (continued) 

13,1 31 7 29.7 60 19 

12.3 34 6 29.6 42 19 

11.5 25 7 43,3 60 27 

26.6 56 13 25.8 58 10 

11,3 23 6 33.4 51 9 

15.8 32 5 32,4 44 18 

Ave,24. 6 44.9 13.7 

LIONSHEAD AREA 

25.4 71 11 11.5 50 19 

21.7 38 12 17,7 56 18 

31.0 71 14 22.5 56 19 

70,0 102 50 23,5 40 14 

62.5 102 34 35.0 71 20 

43.3 71 19 36.4 39 9 

41.7 66 19 29.5 39 7 

29.3 45 19 27.8 45 17 

14.2 31 6 39.9 65 18 

20,8 56 9 38.7 70 19 

43.0 56 18 41.8 56 20 

20.4 53 11 12.8 50 19 

28.3 40 14 24.2 48 14 

25.0 31 15 28.9 88 16 

16.6 55 6 32.5 38 26 

17.2 41 7 42.8 76 18 

32.7 75 15 41.9 76 19 
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Appendix Table 2. (continued) 

Average Maximum Minimum Average Maximum Minimum 

LIONSHEAD AREA (continued) 

25.6 57 11 13.8 31 9 

32.9 46 18 31.3 48 24 

26.7 40 18 37.0 46 30 

33.4 45 19 19.5 29 16 

29.7 60 14 Ave. 30, 2 54.9 17. 2 
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Appendix Table 3. List of plant species recorded on sample plots 
located within the four study areas. 

SPECIES 

Abies grandis Lindl, x 

x 

x 

- 

x 

- 

x 

x 

x 
Abies laciocarpa (Hook. ) Nutt. 
Achillea millefolium L. 
Agoseris glauca (Pursh) Dietr, x 

x 
x 
x 

x 

x - Agoseris retrosa (Benth) Green. 
Agropyron spicatum (Pursh) x x - 

Scribn & Smith 
Amelanchier florida Lindl, 

x 
x 
x 

x 
x 

x 
Antennaria geyeri A. Gray 
Apocynum pumilum (Gray) Green. - x x 
Arctostaphylos parryana Lem, x x x x 
Arnica cordifolia Hook, x x - - 
Aster canescens Pursh. x x x x 
Balsamorhiza sagittata ( Pursh ) Nutt, x x x x 
Berberis repens Lindl, - x x x 
Blepharipappus scaber Hook, x 

x 
x 

x 
x 
x 

x 
x 
x 

x 
Bromus racemosus L, 
Bromus tectorum L. 
Calamagrostis rubescens Buckl, x 

- 
x 
x 

x 
x Carex sp. 

Castanopsis chrysophylla (Dougl. ) Adc. P x 
Castilleja miniata Dougl. x x 
Ceanothus prostatus Benth, x 

x 
x 

x 
x 

x 
x Ceanothus velutinus Dougl, 

Chrysothamnus nauseosus (Pall.) 
Britt. 

Chrysothamnus vicidiflorus (Hook) x 
Nutt. 

Collomia grandiflora Dougl. x 
Comandra pallida A. Dc, 

- 
x x 

- x Convolvulus sp. 
Cynoglossum occidentale A. Gray - x - - 
Deschampsia elongata (Hook, ) Munro x x x 

x x 

x 
x 

- - 

- 

F 

W 

0 
c 

E 

m 
o a 

x 

tñ 

- 

- 

- 

- 

- 
- 

- 
- 

- 
- 

- 

- 
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Appendix Table 3. (continued) 

119 

Epilobium angustifolium L. x x x X 

Epilobium minutum Lindl. x x x x 
Epilobium paniculatum Nutt. x 

x 
x x 

Eriogonum umbellatum Torr. 
Erigeron filifolius Nutt. x x 
Festuca idahoensis Elmer x x x x 
Festuca ' sp. x x x x 
Fragaria platypetala Rydb. x x 
Gilia aggregata (Pursh. ) Spreng. x x x 
Habenaria hyperborea (L. ) R. Br. - x x 
Haplopappus bloomeri A. Gray x x x 
Hieracium sp. x x x x 
Holodiscus discolor (Pursh) Maxim x x x 
Hordeum Sp. x - - 
Lagophylla Ramisissima Nutt. x x 
Larix occidentalis Nutt. - - - x 
Lathyrus sp. x x x 
Libocedrus decurrens Torr. x x x x 
Lomatium triternatum (Pursh) x x x 

T. & R. 
Lotus douglassi Greene x x x 
Lotus crassifolius (Benth. ) Greene x x 
Lupinus caudatus Kell. x x x x 
Lupinus lepidus Dougl. x x x x 
Madia gracilia (Smith) Keck x x - 
Microceris nutans (Geyer) Schultz- - x 

Bip. 
Montia perfoliata (Donn. ) Howell x x x x 
Mentzelia laevicaulis (Dougl. ) m x 

T. & G. 
Narvarretia breweri (Gray) Greene x - 
Osmorhiza obtusa (C. & R. ) Fern. x x - 
Phlox gracilis (Hook. ) Greene x x x 

x Pinus contorta Dougl. var. murryana 
(Balf. ) Engelm. 

Pinus ponderosa Dougl. x x x x 

x 

' 

x 

O 

v 
ÿ 
O 

0.l 

- - 
- - 

- 

- 

- 

- 
- 

- 

- 

- 

- 

- 

- - 
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Appendix Table 3. (continued) 

SPECIES 

Pinus monticola Dougl. 
x 

- 
x x 

x 
Poa secunda Presl, 
Potentilla glandulosa Lindl. - x x x 
Pseudotsuga menziesii (Mirb.) Franco x x x x 
Pteridium aquilinum (1, ) Kuhn. x x x 
Purshia tridentata ( Pur sh> ) DC. x x x x 
Pyrola asarifólia var, Bracteata - x 

Jepson 
Ranunculus occidentalis Nutt. x x 
Rigiopappus leptodatylus Gray x - ® 

Rosa gymnocarpa Nutt. x x x x 
Rubus sp. x x x 

x Salix sp. 
Sitanion h r s trix (Nutt. ) Smith x x x x 
Smilacina amplexi.caulis Nutt. - x x x 
Stipa occidentalis Thurb. x x x 
Sieversia ciliata Pursh. 
Tetradymia canescens DC. x 

x 
x 

Townsendia florifer (Hook. ) Gray 
Trientalis latifolia Hook. a x x 
Trifolium eriocephalum Nutt. x x - 

Trillium ovatum Pursh. - x x x 
Vicia sp. x x x 

- 

- 

- 

- 
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Appendix Table 4. Average basal area per acre for tree species 
occurring within 100 x 100 foot sample plots, 
located within the four study areas indicated. 
Only trees over 10 inches in diameter are 
included. 

Tenino 
Bench Seekseequa 

Boulder 
Creek l.ionshead 

284l' -3200' 
elevation 

2600' -3500' 
elevation 

3400' -4200' 
elevation 

4200' -4600' 
elevation 

Pinus ponderosa 50.8 85.5 40.2 24.8 
Dougl. 

Pseudotsuga 
2.8 8. 9 7.8 7.9 menziesii (Mirb.) 

Franco 

Abies grandis Lind. -- -- -- 5.9 

Libocedrus -- 5.2 2.5 -- 
decurrence Torr. 

Lares occidentales -- 1.9 2.2 
Nutt. 

Pinus contorta 
-- -- 1.2 -- var. Murryana 

(Balf.) Englem. 

Pinus monticola Dougl -- -- -- 1.7 



Appendix Table 5. Average dominance ratings according to size class designations for tree 
species occurring on 100 x 100 foot plots located within the four study 
areas indicated. 

SPECIES 

TENINO BENCH SEEKSEEQUA BOULDER CREEK LIONSHEAD 

2841' -3200' 
elevation 

2600' -3500' 
elevation 

3400' -4200' 
elevation 

4200' -4600' 
elevation 

Seedling Sapling Pole Mature SeedlinglSapling1PoleMature Seedling Sapling Pole Mat lre Seedli Sapling ¡Pole Matura. 

Pinus ponderosa Dougl. 2. 3 3.9 3.7 3.9 2. 1 3.7 3. 8 3.4 3.2 3.2 2.8 2.8 1.9 2.2 2. 8 2.7 

Pseudotsuga menziesii 1.9 2.9 2.0 0.9 2.0 2.6 2. 2 1.9 3. 1 2. 7 2.7 2.2 3. 3 3.6 2. 5 1. 3 

(Mirb.) Franco 

Abies grandis Lindl. -- 1.9 -- -- 2.0 2.4 2. 2 2.7 3.4 -- -- 3. 2 3.5 2.7 2.6 

Libocedrus decurrence 2. 1 2.9 -- -- 2.9 3. 3 2.7 1.2 2.2 2.8 -- 1.6 1.9 -- -- -- 
Torr. 

Larix occidentalis Nutt. -- -- -- -- -- -- -- -- -- -- 1. 7 1. 1 -_ -- 1. 5 1.6 

Pinus contorta Dougl. 1. 1 1. 1 

var. Murryana (Ball) -- -- -- -- -- -- -- -- -- 1. 1 1. 1 -- -- -- _- -- 
Engeem. 

Pinus monticola Dougl. -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.4 1.4 

1 

11 

1 
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Appendix Table 6, Fuel ratings (low, medium and high *) assigned 
to area surrounding 100 x 100 foot sample plots 
located within the study areas indicated. Num- 
bers and percentages of plots assigned to the 
three fuel rating categories are given. 

Fuel Tenino 
Rating Bench Seekseequa Boulder 

Creek Lionshead 

No. of 
plot 

No. of 
plot °lo 

No. of 
plot 

No, of 
plot 

Low 51 68.0 35 28.4 18 41.9 

Medium 9 12.0 18 14.6 12 27.9 

High 15 20.0 70 57.0 13 30.2 

The term fuel rating refers to dry and dead material which will 
provide a high degree of combustion should fire occur in the area. 
Relative amounts of dried grass, litter, slash, windfall, snags, 
and other readily combustible materials were taken into account 
in assigning plots to one of three categories used. 

- - 

-- 

% 


