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ABSTRACT

Harcombe, P.A., 1986. Stand development in a 130-year-old spruce—hemlock forest
based on age structure and 50 years of mortality data. For. Ecol. Manage., 14: 41—

58.

Influences on forest stand development were assessed using tree age and long-term
mortality data in ten 0.4 ha permanent plots established in 1935. The stand origi-
nated following a major fire in the 1840s with a period of rapid invasion (1851—1870).
This was followed by slower filling to full stand closure (1871—1900), recruitment sup-
pression (1901—1930), reinitiation of hemlock recruitment (1931—1950), and continued
slow recruitment (1951—present). Recruitment re-initiation was apparently associated
with natural stand thinning and not with major disturbance. Large blowdown patches
occurred in two plots in the 1960s, but the primary effect was release of hemlock ad-
vance regeneration rather than recruitment of new individuals. From 1935 to 1983 an-
nual mortality (calculated from 5—10-years remeasurements) was 0.5—1.2% for both
species. At this rate, continued thinning will likely allow a gradual transition to an all-
aged forest, as population turnover time is short relative to frequency of intermediate or
major disturbance.

INTRODUCTION

Application of increasingly intensive methods to the analysis of forest
stand development (e.g. Henry and Swan, 1974; Oliver and Stephens, 1977;
Lorimer, 1980, 1983; Oliver, 1981) has led to renewed interest in the long-
term dynamics of forests (Oliver, 1981), as have studies of the processes of
tree population change (e.g. recruitment, growth, and mortality: Leak, 1970;
Hartshorn, 1972; Harcombe and Marks, 1983). A question of particular in-
terest is the role of disturbance in determining structure, composition, and
spatial variation in forest communities. The role of fire has been clearly
worked out in some systems (e.g. Heinselman, 1973; Hemstrom and Frank-
lin, 1982; Grimm, 1984). Other disturbances are less clearly understood.
White’s (1979) major review catalogs the kinds of disturbance; in this paper I
focus on effects of fire and wind in a coastal spruce—hemlock forest.
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The goal is to assess forces and mechanisms influencing forest stand devel-
opment through analysis of age structure and long-term mortality in a
spruce—hemlock forest on the coast of Oregon. The system was chosen be-
cause its origin was known (a major fire in the 1940s), because long-term
mortality data were available, and because the opportunity existed to evalu-
ate the effects of wind as a major disturbance factor (Ruth and Yoder, 1953;
Lynott and Cramer, 1966; Ruth and Harris, 1979). It is also of some interest
that productivity in these forests is among the highest in the world (Briegleb,
1940; Fuyjimori, 1971; Grier, 1977). If stand structure and dynamics are
related to productivity, then studies such as this may further the practical
goal of understanding site productivity. Finally, old-growth forests in the
Pacific Northwest are different in many ways from younger forests, and the
nature of the transition to old-growth is poorly understood (Franklin et al.,
1981). Documentation of the structure of these 130-year-old spruce—hem-
lock stands lays the groundwork for future observations regarding the devel-
opment of old-growth characteristics.

The immediate objectives were to characterize the age distribution, to
describe temporal and spatial variation in tree mortality over the period
1935—1983, and to assess prospects for long-term change. The particular
questions of interest were:

(1) Do coastal forests experience the same prolonged period of stand
stocking as do some forests of the Cascades (Franklin and Hemstrom, 1981);
(2) is there a period of recruitment suppression following initial stocking
(see Connell and Slatyer, 1977; Alaback, 1982); (3) assuming recruitment
suppression, when does recruitment eventually resume; (4) is mortality
episodic due to wind storms, or continuous due to competition and small-
scale windthrow; and (5) how do these results bear on current views of suc-
cession, stand development, and forest regeneration (see especially Connell
and Slatyer, 1977; White, 1979; Oliver, 1981; Whitmore, 1982)?

SITE

The study was done at the Cascade Head Experimental Forest near Otis,
Lincoln County, or (Lat. 45°03'N, Long. 123°55'W). The environment of
the area is described by Grier (1978) and by Greene (1982), from which
much of the following is abstracted. The forest is situated on an E—W ridge
system which juts out as one of the characteristic headlands of the Pacific
Northwest coast. A cool and wet climate prevails; annual precipitation is
3420 mm, coming mostly in the winter; mean January temperature is 4.6°C,
and July temperature is 15.7°C. The ridge system ranges from 0 to 400 m
elevation. Marine tuffaceous siltstone of the Tyee formation overlies a
volcanic substrate (Baldwin, 1964; Snavely and Wagner, 1964). Soils are
residual silt loams to silty clay loams, moderately well drained, strongly acid
(pH about 4.0 at surface), and high in nitrogen (0.5%) and organic matter
(28% in Al).
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The forest is predominantly western hemlock and Sitka spruce (SAF cover
types 223, 224, and 225 (Eyre, 1980); spruce—cedar—hemlock of Kuchler
(1964); Picea sitchensis Zone of Franklin and Dryness (1973)). Much of it
appears to have originated after a widespread catastrophic fire, the Nestucca
burn of the mid-19th century (Morris, 1934; Munger, 1944). Other parts,
especially those in the Neskowin Crest Research Natural Area contain scat-
tered older trees (Greene, 1982; Quaye, 1982). Average tree height is about
45 m. Density ranges from 230 to 540 stems/ha (> 5 cm dbh); basal area is
90—120 m?/ha. Important understory shrubs include Menziesia ferruginea
Smith, Vaccinium parvifolium Smith, Vaccinium ovalifolium Smith, and
Oplopanax horridum (J.E. Smith) Miq. The ground cover consists of ferns,
especially Polystichum munitum (Kaulf.) Presl. and Blechnum spicant (L.)
With., and herbs, especially Tiarella trifoliata L., and Oxalis oregana Nutt.
ex T. & G. Poor regeneration has been noted in some stands of this type
(McKee et al., 1979; Harmon and Franklin, 1983) though Quaye (1982)
suggests that enough small individuals exist in old-growth stands on the Nes-
kowin Crest to adequately replace canopy individuals as they die. This is
supported by size distributions in Greene (1982).

METHODS

This study consisted of two parts, tree age determination in an area that
blew down in 1981 and was salvaged in 1983, and analysis of periodic re-
measurement data on tree populations tagged in 1935 as part of a growth
and yield study (Meyer, 1935; Smith et al., 1984).

In the age study, basal diameters of all individuals in four 0.1-ha circular
plots were determined, the stumps were identified, and disks were removed
for age determination in the laboratory. In addition, seedlings and saplings
were collected for age determination from two 0.1-ha circular plots in an
adjacent undisturbed area.

The growth and yield study involved ten* 0.4-ha plots distributed along the
ridgetop 1—4.5 km from ‘the Pacific Ocean on moderate S to SW facing
slopes. All individuals greater than 5 cm dbh were tagged and measured in
1935 and classified by crown class (dominant, codominant, intermediate,
suppressed). In each plot 10—20 of the largest trees were cored in 1935 at
breast height for tree age determination. Trees were measured in 1935, and
again in 1940, 1945, 1955, 1968, 1978 and 1983. Growth and yield data for
the period 1935—1968 are presented in Smith et al. (1984). Mortality checks
were made during remeasurement years, in 1950, 1961, and annually from
1979 to 1982 by the Forest Service. Ingrowth (individuals reaching 5 cm
dbh between measurements) was not tagged until 1983. Density of saplings
(0—5 cm dbh), small saplings (50—140 cm height), and seedlings (less than

*QOriginally 13 plots were set up. However, most of the study is based on data from
10 plots (plot 11 is not included, as it was dominated by other species; plots 2 and 9
were destroyed by logging in the 1940s).In one case (Fig. 5) 11 plots appear. Here,
plots 2 and 9 are included, but plot 13 is excluded due to loss of original data.
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50 cm height) was estimated in 1983 using four 100-m? circular quadrats in
each growth plot. Approximately 50 saplings were also collected near the
growth plots for age determination. They were chosen to span the range of
sizes present.

The measurement records were made available for this study by the U.S.
Forest Service Pacific Northwest Forest and Range Experiment Station, Cor-
vallis, OR.

RESULTS
The relationship of size and age

Early recruits (older stems) vary greatly in size (Fig. 1), as might be ex-
pected for a population experiencing the effects of site heterogeneity, gen-
etic variation, and temporally and spatially varying competition. Though it
was not within the scope of this study to sort out these influences, graphs of
growth of the largest and smallest of the older recruits show some tendency
for individuals to grow faster from the beginning (Fig. 2). Clear divergence
occurs in the second interval (20—40 years), corresponding with the time of
canopy closure,
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Fig. 1. Plot of age vs basal diameter for all stems of spruce (Picea) and hemlock (Tsuga)
collected from four 0.1-ha plots in a 5-ha blowdown at Cascade Head Experimental
Forest.

Later recruits show a reasonably close relationship between size and age
(Fig. 1) and so for individuals less than 40 cm diameter, size might reason-
ably be used as a surrogate for age. The better correlation of size and age
among younger individuals may indicate uniformly low light levels in the
lower canopy. This is supported by the observation that ranges in growth are
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lower among the younger individuals (mean annual diameter increments of
50-year-old stems range from 0.02 cm/year to 0.12 ¢cm/year vs 0.33—1.10
cm/year for 120-year-old stems). The slowest of the 120-years-old trees grew
at a mean annual rate nearly three times the most vigorous 50-year-old. If
0.33 cm/year were taken as the minimum long-term average growth rate re-
quired for successful entry into the canopy, then very few of the 50-year-
olds would be expected to survive.
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Fig. 2. Average growth in 20-year intervals (20-year radial increment) vs age for the four
largest and the four smallest trees more than 100 years old.
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size class). Numbers in bars are tree ages.
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Tree size distributions

Size distributions of the two tree populations are offset (Fig. 3), probably
due to inherently slower growth of hemlock, rather than age differences.
Spruce shows a bimodal distribution, which is a well-recognized feature of
thinning cohorts (Mohler et al., 1978); here it may be accentuated by slight
age differences (mean age of 50—70 cm individuals is 118 years, mean age of
90—120 cm individuals is 122 years).

Age structures

Age structures for both spruce and hemlock show relatively narrow peaks
(Fig. 4) — 83% of all spruce and 68% of the big hemlocks (over 40 cm basal
diameter) germinated within a 20-year period (1851—1970), suggesting that
invasion was, in fact, rapid. Apparently seed sources were adequate, presum-
ably due to presence of unburned remnants of the forest reported in the near
vicinity (Munger, 1944; Juday, 1976; Quaye, 1982). The frequent and proli-
fic seed production of spruce and hemlock (Ruth and Berntsen, 1955)
undoubtedly also contributed to rapid regeneration. Reburning appears not
to have been a problem, though it apparently seriously retarded tree recruit-
ment further north in the Nestucca burn (Munger, 1944) and the Tillamook
burn (Isaac and Meagher, 1938). Likewise, brush competition seems to have
been unimportant, despite the strong tendency toward development of dense

20 -
5 PICEA
10
5

0 o — [

= L

E) SEebLINGS
BJ SMALL SAPLINGS
[J LARGE SAPLINGS

NUMBER OF INDIVIDUALS

> - T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130

AGE

Fig. 4. Age-frequency distributions for spruce (Picea) and hemlock (Tsuga). Bars in
the bottom panel represent individuals collected from the forest adjacent to the blow-
down. Seedlings were defined as all individuals less than 50 cm tall. Small saplings were
all individuals between 50 and 140 cm tall. Large saplings were all individuals greater
than 140 cm tall and less than 5.0 cm dbh.
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shrub communities dominated by Rubus spectabilis, Sambucus racemosa
var. arborescens, and Vaccinium spp. during early succession in these forests
(Franklin and Dyrness, 1973) and the observation of reduced establishment
of spruce and hemlock (Bertsen, 1955) and lower growth and survivorship
of spruce (Madison, 1959) under dense brush in clearcuts at Cascade Head
Experimental Forest.

These data suggest early initiation and rapid completion of the tree estab-
blishment phase of stand development on a single site. To determine whether
this occurred over a larger area, I obtained tree ages from field notes made
in 1935 on the growth plots. The ages were based on breast-height cores
from 10—20 dominant trees in each plot. Time of first arrival ranged from
1845 to 1861 (Fig. 5), and recruitment phases on individual plots ranged
from a few years to as much as 24 years (these must be regarded as minimum
estimates of recruitment phases, as only small samples of dominant trees
were cored). The variation in time of first arrival suggests that at this large
scale, brush competition and rates of seed input may have influenced the
timing and duration of recruitment. As these plots appear to have been
selected for their uniformity and as they occupy similar topographic posi-
tions, intrinsic site characteristics probably were a secondary source of varia-
tion. The plots are close together, so it seems unlikely that some would have
escaped reburning if any had experienced it.

Peaks in the age structures for spruce and hemlock on the blowdown plot
occurred at roughly the same point (Fig. 4) so it seems unlikely that earlier
invasion could account for spruce dominance. Higher growth rates of seed-
lings and saplings of spruce in full sun (Minore, 1979) probably account for it.
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Fig. 6. Ranges in breast-height recruitment dates for 10—~20 dominant trees one each of
11 0.4-ha plots set up in 1935. The vertical axis is order of proximity to ocean, from
furthest (Plot 1: 4.5 km) to closest (Plot 10: 0.5 km).
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Following the initial recruitment pulse, both species showed little regen-
eration between stand ages 20 and 90. Though spruce is often thought to
require large openings it did continue to enter the stand in spite of the fact
that canopy openings during this time would likely have been small. The
secondary peak in the hemlock age structure for 30—50-year-old trees ap-
parently represents reinitiation of recruitment. Ages of saplings (< 5 cm dbh)
collected nearby (Fig. 4) indicate continued recruitment down to the present,
with perhaps a slight reduction between 1950 and 1970.

The stages of stand development are perhaps most apparent in a time—
frequency distribution (Fig. 6) which shows the accumulation of stems in
the stand over time. It should be noted that this ignores any mortality that
must have taken place, and hence is not an actual reconstruction of stand
stocking. There is the suggestion of five stages in stand development: rapid
invasion (1851—1870), slower filling to full stand closure (1871—1900),
recruitment suppression (1901—1930), recruitment re-initiation (1931—
1950), and a second period of slight suppression by later recruits (1951—
present).
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Fig. 6. Cumulative time—frequency distribution of stems present in four 0.1-ha plots at
the time of blowdown in 1981.

Mortality

The average mortality rates (number of dead trees in 48 years) were 0.99%
per year for hemlock and 1.03% per year for spruce); these are in the range



49

of rates for other species in the eastern United States (see Harcombe and
Marks, 1983) and are also quite similar to those calculated from normal yield
tables for spruce—hemlock forest of similar ages (0.91%; Barnes, 1962) and
to estimates for western conifers. For example, Hamilton and Edwards
(1976) estimated mortality rates of 1.36% per year for western hemlock and
0.63—0.95% per year for other conifers in Idaho, and normal yield tables for
Douglas-fir (McArdle et al.,, 1949) show 0.80% mortality between 80 and
130 years.

There was some variation among time intervals and among plots in mortal-
ity (Table 1), but declines in numbers of tagged individuals from 1935 to
1983 were relatively continuous over the 48 years for all but hemlock in
three of the plots (Figs. 7 and 8, plots 6, 10, and 13). Of these three stands,
one was blown down by a major wind storm on 12 October 1962 (plot 6);
this plot was in a vulnerable position, being in a saddle just above a clearcut
area (see Ruth and Harris, 1979). Another stand was opened up by wind
some time after 1968, and has continued to lose individuals at a high rate
(plot 13), a gap enlargement phenomenon reminiscent of fir waves (Sprugel,
1976) in the northeastern United States. High losses in the remaining plot
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Fig. 7. Number of hemlock individuals each 0.4-ha plot at each census time (multiply
by 2.47 for numbers per ha). Note that the line for plot 6 (dashed) ends in 1955. The
plot was apparently entirely blown down in 1962. The arrow above plot 8 denotes the
1981 windstorm.




50

200 r
PICEA
[
S \Plot9
o
o«
w
o
. \
g Plot 4
=)
[a] Plot 5
2 \
[a] Plot 3
4 \ﬂ Plot 10
W_won
Plot 11
Plot 13
0 — - - ==mwu Plot 1, Plot 8
1935 40 45 50 55 61 68 78 83

YEAR

Fig. 8. Number of spruce individuals in each 0.4-ha plot at each census time (multiply by
2.47 for numbers per ha). Plot 9 was destroyed by road building activity in the late 1940s.
Plot 6 was blown down in 1962.

70

i

e13

T

60
50 [~

40 - * 12 _.-%8
. -
30 5e.--""

20~
10~

o)) O N T N N N
50 100 150 200 250 300 350

TOTAL DENSITY IN 1935

Fig. 9. Plot of number of trees dying between 1935 and 1983 vs total initial density
(spruce plus hemlock) in each of the nine 0.4-ha plots that survived to 1983,

NO. TREES DEAD 1935-1983
w
A}
iy

(plot 10) are undoubtedly related to exposure to wind and salt spray as this
plot is nearly 3 km closer to the ocean than the others. It is noteworthy that
spruce survivorship was highest in this plot, perhaps due to greater salt
tolerance (Cordes, 1972) and reduced competition.

The low variation in the remaining six plots may be attributable to the
relative uniformity of these stands; they were roughly even-aged, reasonably
well-stocked, and on sites with limited topographic and geographic variation.
There is some evidence for weak density dependence (Fig. 9) — the densest
plot showed highest loss (89%) and the sparsest plots showed lowest losses
(21 and 22%) — but mortality was not related to stand basal area or volume
either among plots or over time. Aside from the periods of high mortality in
plots 6 and 13 mentioned above, annualized interval mortality was remark-
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TABLE 1

Annualized interval mortality of spruce and hemlock on growth plots at Cascade Head Experimental
Forest (fraction of trees present at start of interval that died during the interval, divided by interval

length)

1936—40 195145 1946—50 195155 1956—61 1962—68 1969—78 1979—83 Mean

Plot
Hemlock
1 0.005 0.007 0.008 0.013 0.012 0.008 0.005 0.006 0.008
3 0.015 0.012 0.017 0.0056 0.004 0.010 0.004 0.003 0.009
4 0.003 0.000 0.003 0.000 0.007 0.014 0.001 0.007 0.005
5 0.000 0.006 0.006 0.005 0.005 0.008 0.003 0.006 0.005
7 0.003 0.006 0.004 0.003 0.012 0.008 0.009 0.012 0.007
8 0.013 0.007 0.015 0.004 0.004 0.009 0.010 0.013 0.010
10 0.024 0.002 0.018 0.0156 0.020 0.019 0.014 0.003 0.015
12 0.002 0.013 0.005 0.003 0.005 0.005 0.016 0.008 0.008
13 0.003 0.008 0.013 0.009 0.016 0.005 0.028 0.044 0.016
Mean 0.008 0.007 0.010 0.007 0.010 0.010 0.010 0.012 0.009
Spruce
1 0.033 0.040 0.050 0.000 0.000 0.000 0.000 0.000 0.015
3 0.013 0.002 0.005 0.002 0.007 0.004 0.008 0.003 0.006
4 0.004 0.003 0.003 0.006 0.004 0.006 0.002 0.012 0.006
4] 0.003 0.003 0.020 0.004 0.003 0.010 0.009 0.010 0.008
7 0.009 0.004 0.000 0.000 0.008 0.010 0.000 0.016 0.006
8 0.000 0.000 0.000 0.050 0.000 0.000 0.000 0.066 0.015
10 0.000 0.000 0.000 0.004 0.000 0.003 0.002 0.000 0.011
12 0.006 0.006 0.000 0.013 0.024 0.006 0.000 0.000 0.007
13 0.022 0.000 0.012 0.026 0.000 0.000 0.007 0.000 0.009
Mean 0.010 0.007 0.010 0.012 0.005 0.005 0.003 0.012 0.008

ably constant over the measurement period for both species (Table 1).
Though these 5—10-year averages are slightly misleading, as indicated by
the variation evident in annual mortality data for 1979—1983 (Figs. 7 and
8), they do set an upper bound for the proportion of trees that might die in
any given year.

It is doubtful that the temporal uniformity of mortality rate applies to the
first 80 years of stand development. One way of evaluating this is to estimate
initial hemlock and spruce densities by projecting back in time from present
stocking levels assuming a constant exponential mortality rate equal to that
computed for the period 1935—1983. This was done graphically using semi-
logarithmic paper (Fig. 10) to obtain an estimate of 540 hemlock and 250
spruce recruits per plot (1350 and 625 per ha, respectively) (using the most
densely stocked plots). Modern studies at Cascade Head Experimental Forest
(Berntsen, 1955) showed establishment of approximately 5000 spruce and
5000 hemlock per ha after logging. Shaw (1953) found natural regenera-
tion after the Forks (Wn) burn of 2250—3250 hemlocks per ha. The low
recruitment estimate must be due to a combination of low recruitment
rate following the Nestucca fire and high mortality rates in these stands
during the first 80 years. Plots of number of stems from normal yield tables
(Barnes, 1962) suggest the latter is more important (Fig. 10).

Causes of death were not uniformly recorded. Field notes on the 61
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Fig. 10. Estimates of pre-1935 stocking rates based on assumed constant mortality rates
over the entire period (dashed lines) and on normal yield tables for spruce and hemlock
in western Oregon and Washington (solid lines) (multiply by 2.47 for number of trees per
ha).

trees found dead in the 1950 mortality check show suppression (50) and
wind (4) as death causes. In the 1983 remeasurement, 26 dead trees were
found, half windthrown and half standing. Though Grier (1978) suggests
that wind is the major cause of mortality, these observations suggest that
standing death has always been more common. A gradual shift from sup-
pression to wind as the chief agent of mortality seems entirely reasonable;
as the stand ages, fewer suppressed trees remain, and a larger proportion
of the trees are in the upper canopy where susceptibility to wind damage
is higher.

Recruitment

Notes made during establishment of the growth plots and again during
remeasurement indicate presence of hemlock seedlings on the plots since
1935. The recruits were mostly 1—1.5 m tall in 1940; they approached 3 m
by 1950, and were not much taller in 1983. Apparently changes have oc-
curred in the understory since 1935, culminating in 1983 in presence of a
substantial amount of ingrowth (stems greater than 5 cm dbh). Early field
notes suggest that the large numbers of 5 cm stems recorded in plots 5 and 8
in 1983 (Table 2) are related to road construction nearby in the 1940s.
Large ingrowth numbers in plot 13 are undoubtedly due to sapling release by
the wind-related stand opening that began in 1968.
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Sapling ages range from about 15 to 55 years, suggesting relatively contin-
uous recruitment. Though field observations suggest that a dense canopy of
saplings can suppress later recruitment, sapling distribution is sufficiently
irregular that seedlings are abundant, and so it seems most reasonable to
regard the seedling—sapling population as a continuously turning-over pool
of recruits. Presence of numerous dead stems is evidence of the turnover.

The number of hemlock ingrowth stems tallied in 1983 (Table 2) more
than compensates for the loss of stems due to mortality over all the plots,
though there is considerable variation among the plots. Overall, hemlock
population density is clearly increasing, giving promise that regeneration is
adequate for long-term perpetuation of the forest. Spruce is declining, as it
did in an Alaska chronosequence (Alaback, 1982), but recruits are still enter-
ing the stand.

TABLE 2

1983 Size distribution of seedlings and saplings in growth plots (number of individuals
per plot)?

Plot 50 cm tall 50—140 dbh dbh dbh 5 ecm
cm height 2.5 em 2.5—5 ¢m (tagged

ingrowth)
1 172 810 1630 466 29
3 314 375 253 111 0
4 101 121 506 375 54
5 54 40 142 395 304
7 1397 617 921 4056 42
8 202 506 1761 627 126
10 1994 20 10 0 0
12 1568 91 202 324 120
13 4454 202 202 263 200

8Multiply by 2.47 to obtain number of individuals per ha.

Continued decline in spruce on the 130-year-old growth plots seems likely
in light of the overwhelming dominance of hemlock in the understory. Such
a decline has been suggested by others (e.g. Franklin and Dyrness, 1973;
Alaback, 1982) and Hines (1971), Cordes (1972), and Quaye (1982) all
speculate that spruce must persist by gap-phase regeneration. However, low
adult mortality (and great longevity — Franklin et al., 1981) undoubtedly
contributed to persistence of spruce in these forests despite apparently low
recruitment.

DISCUSSION

The stands described here were initiated by a crown-destroying fire, and
their age structure is quite clearly a consequence of the nature of the initiat-
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ing disturbance. Regarding the role of fire in these systems, Hemstrom and
Franklin (1982) suggest that it is the most important stand-initiating event
in the Pacific Northwest, even in the Coast Range. They calculate a mean fire
rotation of 434 years, but point out that it is highly variable (226—2583),
depending on topography and the time span involved. Viers (1982), on the
other hand, found no evidence of canopy fires for the coast redwoods of
northern California in a habitat much like that of Cascade Head. There,
ground fires occur at 250—1000-year intervals. In the Coast Range, the
major fires of the late 19th and early 20th centuries were all thought to be
man-caused (Morris, 1934; Munger, 1944); they were all crown fires. It
seems plausible therefore, that though large-scale fires may well be major
stand initiation events in the spruce—hemlock zone, the natural return inter-
val is long.

Restocking, which may take more than 75 years in drier forests of the Cas-
cades (Franklin and Hemstrom, 1981; Hemstrom and Franklin, 1982) is as
rapid here as in spruce (McCulloch, 1929) or spruce—hemlock forests (Ala-
back, 1982) in Canada and Alaska. At Cascade Head, Berntsen (1955) found
a logged area near plot 7 to be 81% stocked 6 years after logging. The rapid
restocking can be attributed in part to frequent and prolific seed production
by both spruce and hemlock (Ruth and Berntsen, 1955).

Initiation of recruitment following the period of suppression seems to
have been related, as often as not, to events occurring outside the stands,
suggesting that increases in diffuse light are as important as increases in
direct beam radiation that might occur under discrete canopy gaps. There is
little evidence, either in the mortality pattern or recruitment under the
canopy, of the cyclic regeneration in even-aged stands postulated by Hett
and Loucks (1976) for eastern hemlock (T'suga canadensis) in Wisconsin.
However, Meyer (1937), on finding frequent evidence of suppression during
the first 30—50 years of growth in even-aged stands, explained the wide-
spread occurrence of even-aged stands in western Oregon as follows: “‘Sud-
denly the overstory was removed, perhaps by windthrow, less probably by
looper — and within a few years the stagnant stand developed into a vigorous
second-growth stand.”

Very large blowdowns are known to occur in some forests (e.g. a 61-ha
blowdown in central Wisconsin on 4 July 1978; Canham and Loucks, 1984),
and wind damage is common in spruce—hemlock forests (Ruth and Harris,
1979). Two extensive blowdowns are known to have occurred in western
Oregon since about 1880, one in 1951 and another in 1962 (responsible for
the blowdown in plot 6); a third storm blew down approximately 5 ha of
timber at Cascade Head in 1981 (the blowdown stand in which the age deter-
minations reported here were made). Greeley et al. (1953) attributed aloss of
more than 10 billion board feet (23.6 million m?®) to blowdown and subse-
quent bark beetle attack following the 1951 storm. They noted that “‘in the
recorded history of the forests of the two states (Oregon and Washington),
only the Tillamook fire of 1933 has caused more damage at a single stroke.”
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Concentrated blowdown (more than 10% of the stems in a stand) occurred
on about 200 000 acres (81 000 ha), which is roughly 2% of the area sur-
veyed. Overall, about 70% of the volume loss occurred as scattered trees.
Mortality of Douglas-fir in one of the areas most heavily damaged by blow-
down and insects was only 0.96% per year over the period 1945—-1955
(Wright and Lauterbach, 1958). This pattern of damage is reminiscent of
that reported by Lorimer (1980) in western North Carolina, where storm
episodes were apparent in ring-width records, but evidently did not com-
pletely destroy the canopy. Aside from the blowdown of plot 6, none of the
recent major Pacific Northwest storms is particularly evident in the growth
plot survivorship figures (Figs. 7 and 8). Though wind is certainly an impor-
tant cause of mortality, its effect.on landscape patterns is apparently more
diffuse than wind in other areas, e.g. fir waves in the mountains of the north-
eastern United States (Sprugel, 1976) or the large-area blowdown in Wiscon-
sin. Consequently it may not generate a distinct mosaic of regeneration
patches like fire does in mixed conifer trees of the western United States
(see Bonnickson and Stone, 1982).

Another way of assessing the role of wind is to ask what proportion of the
individuals initially present was removed in major events. Nine percent of
the individuals were lost in storms blowing down more than an acre at a
time, 4% were lost in multiple-tree blowdowns of less than an acre, and 42%
died standing or were blown down in smaller patches. If large storms were
the major force affecting forest dyanmics, canopy turnover time would be
550 years (9% in 50 years). Adding in the blowdown in plot 13 gives 13% in
50 years, or a 384-year turnover time. Turnover time based on small scale
events alone is 119 years. A turnover time of 400—500 years is short com-
pared to return intervals for catastropic disturbances reported for other sys-
tems, e.g. approx. 1200 years for large-area blowdowns (greater than 0.5 ha)
in Wisconsin (Canham and Loucks, 1984) or 800 years for forest fires in
Maine (Lorimer, 1977).

Large fires and blowdowns do occur, but the results of this study suggest
that less spectacular events may be equally important forces in community
dynamics in spruce—hemlock forests. Clearly, however, the relative impor-
tance of large- or small-scale events depends very strongly on the temporal
and spatial scale of the investigation and also on the perspective of the ob-
server. Certainly canopy openings occur in all sizes, and it may be premature
to generalize by trying to evaluate the relative importance of ‘““catastrophic’
events. This study emphasizes the need for a broad perspective and caution
in attempting to fit the results into the prevailing general models of forest
development, as such models are, of necessity, often oversimplified. Only
through accumulation of a larger body of case histories of long-term forest
dynamics at several spatial scales, will the true picture of the role of distur-
bance in determining structure and dynamics emerge.
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