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Abstract. This study deals with the disturbance regime of an 
old-growth, mixed-evergreen forest with a canopy composed 
of Arbutus menziesii, Lithocarpus densiflora, Pseudotsuga 
menziesii, Quercus chrysolepis, Q. wislizenii, and Sequoia 
sempervirens. 80 canopy gaps were randomly selected from 
throughout a 230-ha watershed. Of the land area sampled, 11.1 
to 16.6 % was within gaps. Gap area had a mode of < 50 m2 and 
a range of 6 - 3437 m2. Gaps were formed by snags, snaps, tips, 
and slope failures. Although < 10 % of the gaps sampled were 
due to slope failures, these accounted for 43 % of the total land 
area within gaps. All snags resulted from the death of a 
Pseudotsuga or Arbutus individual, the widely branched trunks 
of Arbutus individuals accounted for most of the irregularly 
shaped gaps, and larger gaps resulted from the death of 
Pseudotsuga and Sequoia individuals, averaging 119 and 111 
m2 respectively, than from the death of Lithocarpus orArbutus, 
averaging 54 and 52 m2. Gaps were more frequent over con- 
cave sections of slopes and large gaps were more frequent on 
north-facing slopes. The creation of a gap increased disturb- 
ance to the adjacent canopy, with half of the gaps formed 
through more than one disturbance. 

The relationship of disturbance regime to topography, the 
influence of canopy species biology on gap properties, and the 
repeated events involved in gap formation all indicate a fine 
scale variation in the pattern of gaps and their characteristics. 

Keywords: Canopy gap; Lithocarpus densiflora; Mixed ever- 
green forest; Pseudotsuga menziesii; Sequoia sempervirens; 
Slope failure. 

Nomenclature: Munz & Keck (1968). 

Introduction 

All forests undergo a cycle of disturbance and regen- 
eration. Canopy openings (gaps) created by the removal 
of limbs and trunks frees space and creates higher levels 
of some resources. Most studies of disturbance regimes 
have examined either fire or windthrow. Studies of fire 
regimes have often explicitly focused on variation in 
area, magnitude, and frequency, as well as the relation- 
ships between these parameters and topography (Minnich 

1989; Bergeron & Brisson 1990). In contrast, most 
studies of windthrow regimes have focused only on 
variation in area, and very few have examined the rela- 
tionships between disturbance regime and topography. 
The tendency to study small areas intensively (e.g. Putz 
& Milton 1982; Hartshorn 1978; Kanzaki & Yoda 1986; 
Liu & Hytteborn 1991) or only 'representative' stands 
(Runkle 1982; Aplet, Laven & Smith 1988) reduces 
topographic variation within samples, thereby obscur- 
ing the role of topography. Furthermore, the longevity 
of trees in the canopy and the interval between distur- 
bances at one point in a forest are frequently derived by 
dividing the area disturbed per year into a unit area 
(Brokaw 1982; Runkle 1985). This method cannot dis- 
tinguish sites with little variance in intervals between 
disturbances from sites with wide variances. It also does 
not distinguish between spatially homogeneous sites 
with basically one frequency of disturbance and spa- 
tially heterogeneous sites composed of areas with dif- 
ferent frequencies of disturbance. 

In this study, we sampled canopy gaps from through- 
out a 230-ha watershed. We describe not only the pat- 
tern of canopy gaps, but also the distribution of gaps 
over the landscape, variance within the cycle of disturb- 
ance and regeneration, and the formation of gaps with 
respect to location of pre-existing gaps. 

Study area 

Our study area is the Maddock Creek watershed of 
Big Basin Redwoods State Park in the Santa Cruz Moun- 
tains of California's central coast (37? 10' N, 122? 15' 
W). The Maddock Creek watershed, 13 km from the 
Pacific Ocean, is 230 ha in size, and 340 - 535 m in 
elevation. It is underlain by Tertiary sandstones inter- 
bedded with siltstones and mudstones. Slopes are steep, 
11 - 52?, and hummocky, with slope failures forming 
scarps, and benches. The main process of erosion is the 
down-slope movement of soil and rock by debris flow, 
landslide, and soil creep (McJunkin 1983). 

Mixed evergreen forest covers most of the watershed, 
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but patches of chaparral exist along the ridgetop(s) and 
the upper south-facing slope. The forest has a two-tiered 
canopy: the conifers Pseudotsuga menziesii and Sequoia 
sempervirens form the upper tier while hardwood spe- 
cies Arbutus menziesii, Lithocarpus densiflora, Quercus 
chrysolepis, and Q. wislizenii dominate the lower tier. 
Neither tier forms a complete layer. Although each 
species is present throughout the watershed, distinct 
associations do exist. Nearly pure stands of Sequoia 
occur along creeksides and within concave swales on 
mesic slopes; an association dominated by Lithocarpus, 
Pseudotsuga, and Sequoia covers much of the slopes; 
and the hardwoods with Pseudotsuga predominate on 
xeric exposures and along secondary ridges and knobs. 

Old-growth forest covers the study area. During the 
last 1000 yr, parts of the watershed have burned 12- 15 
times, with between-fire intervals of 5 - 261 yr (Greenlee 
1983). Most of the study area last burned in 1904, but 
some locations burned in 1936 as well. These last two 
fires appear to have been surface fires causing little 
damage to the canopy. 

California purchased 1012 ha of unlogged forest to 
form the park in 1902 (DeVries 1978). Bark strippers 
had previously removed cords of Lithocarpus bark for 
sale to tanneries and after the park's formation some 
Sequoia were illegally logged. We did not sample a 
small area at the mouth of the Maddock Creek water- 
shed that apparently was impacted by these activities. 

Methods 

We used the point-centered quarter method (Cottam 
& Curtis 1956) to obtain a random sample of canopy 
gaps and a measure of gap density. 20 points were 
randomly located 0- 200 m up or down slope from a 6- 
km transect circling the watershed at about mid-slope. 
Thus points were located anywhere from streamside to 
ridgeline. However, due to the 'U'-shape of the transect, 
the lower slopes were oversampled relative to the upper 
slopes. From the points, we located the nearest gap 
within each compass quadrant (N, E, S, W). We consid- 
ered a gap to be any break in the canopy > 1 m2 due to 
tree or limb mortality and below which vegetation was 
less than 2/3 the height of the adjacent lower canopy 
tier. For each gap, we recorded distance from the ran- 
dom point to the gap center, area, shape, number of 
disturbance events, number of trees, the mechanism of 
gap formation and the species of tree that died and 
topographic characteristics (aspect, slope angle, slope 
shape, and position on slope). Within each compass 
quadrant, an additional point was randomly located. At 
each of these points, we recorded topographic position 
(aspect, slope angle, slope shape, and position on slope) 

and point-centered quarter data for trees. 
Openings were measured from the edge of the veg- 

etation canopy as located with a periscope. Gap length 
and gap width were measured from the gap's center. For 
irregularly shaped gaps, such as Y- or L- shaped gaps, 
lengths and widths were measured from several points. 
Non-irregular gaps were considered circles or ellipses 
unless they had pronounced corners. Round gaps whose 
lengths were within 1 m of their widths were considered 
circles. Age of sprouts, plus position of logs and their 
state of decay were used to determine the species present 
in the canopy before the gap was created, the mecha- 
nism of formation (slope failure, wind thrown, wind 
snapped, snag) plus the number of trees involved and 
the probable minimum number of disturbance events 
(which are incidents removing one or more trees from 
the canopy). We measured slope aspect with a compass 
and slope angle with a clinometer. Slope shapes were 
characterized as concave, convex, and planar. We meas- 
ured gap elevation with an altimeter and then relativized 
elevation as the difference between the gap's elevation 
and the creek's elevation divided by the difference in 
elevation between ridgetop and creekside. 

Additional data were collected on canopy structure 
and on large slope failures. For canopy structure, we 
recorded line intercept data with a periscope along six 
90 m transects (Canfield 1941; Mueller-Dombois & 
Ellenberg 1974). Three transects each were located on a 
north-facing and a south-facing slope. They ran perpen- 
dicular to the slope at 80-m intervals up the slope with 
randomly located starting points. For large slope fail- 
ures, we surveyed four adjacent old-growth watersheds 
and used aerial photographs to date the slope failures 
located in the survey. 

To analyze the pattern of gaps, we calculated gap 
density and tabulated frequency distributions of gap 
area, number of trees involved, number of events, mecha- 
nism and tree species involved. We also examined inter- 
relationships both among these characteristics and be- 
tween characteristics and topography. 

Results 

Based on 80 quarter points, tree density was 650.6 
stems/ha and basal area was 124.2 m2/ha. Lithocarpus 
stems made up 54.6 % of the total density, while Se- 
quoia and Pseudotsuga were represented by a smaller 
number of larger stems (relative densities of 21 % and 
14.5 % respectively). 

Each species was well represented across a range of 
diameters (Fig. 1). Sequoia in particular had an even 
distribution of individuals up to 120 cm dbh and a few 
larger individuals up to 260 cm dbh, although several of 
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Fig. 1. Frequency distribution of diameters for trees sampled 
within the Maddock Creek Watershed, Santa Cruz County, 
California (n = 320). 

the smaller individuals were basal sprouts of previous 
trunks. Based on the age-diameter relationship for Se- 
quoia determined by Viers (1982), the larger trees may 
be about 1200 yr old. In contrast, the maximum poten- 
tial lifespan of Lithocarpus is only 300 - 400 yr (Jepson 
1910). Therefore, a considerable range exists in the 
potential canopy residency times of the trees. 

Based on the point-centered quarter gap data, 16.6 % 
of the land area sampled was within canopy gaps, with 
an average gap size of 137 m2. If one exceptionally large 
slope failure is omitted, these numbers become 11.1 % 
within canopy gaps with an average size of 91 m2. Gap 
density was 12.1/ha. The frequency distribution of gap 
size (Fig. 2) had a modal class size of < 50 m2, but gaps 
ranged in size from 6 - 3437 m2. 

Gap size was, to some extent, a product of the 
mechanism of gap formation (Fig. 3). Gaps formed by 
slope failures (n = 6, average 751 m2, range 79 - 3437 m2) 
were substantially larger than gaps formed by windthrows 
(n = 31, average 131 m2, range 8 - 734) or snaps (n = 26, 
average 87 m2, range 6- 593), both of which had aver- 

ages closer to the mean size. Although few gaps were 
formed by slope failures, these gaps accounted for 43% 
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Fig. 2. Frequency distribution of area for gaps sampled within 
the Maddock Creek Watershed, Santa Cruz County, Califor- 
nia (n = 80). 

of the total area within gaps. Gaps formed by snags (n = 
13, average 34 m2, range 10 - 103) were substantially 
smaller than gaps formed by other mechanisms. All 
snags were either Pseudotsuga or Arbutus individuals. 

Gap size and shape were also related to the species 
involved. Most gaps were elliptical in shape and a few 
(20 %) were highly irregular. Arbutus individuals grow- 
ing with a single bifurcate trunk formed many of the 
irregularly shaped gaps. Gaps formed by Sequoia and 
Pseudotsuga (averaging 111 and 119 m2 respectively) 
were ca. twice the size of gaps formed by Lithocarpus 
and Arbutus (averaging 54 and 52 m2). Gaps formed by 
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Fig. 4. Distribution of sampled openings and random points on 
three slope shapes within the Maddock Creek Watershed, 
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labeled 'entire area' (n = 160). 

Sequoia were extremely long and narrow, and frequently 
a single fallen Sequoia formed more than one gap. The 
death of a Pseudotsuga also occasionally results in more 
than one gap. In both cases, the gap which we recorded 
represents only a portion of the total area of gap created 
by the fallen tree. If the full gap area formed by the fall 
of single trees were taken into account, there would be 
an even greater difference in size between gaps formed 
by Sequoia and Pseudotsuga and those formed by the 
lower canopy species. This difference results from indi- 
vidual size differences between species and probably 
from the greater likelihood that an upper canopy indi- 
vidual will fall on another tree than will a lower canopy 
individual. 

The size of gaps varied with slope aspect. Gaps on the 
north-facing slope (205.6 m2 average, n = 17) were sig- 
nificantly larger (Mann-Whitney U, p < 0.05) than 
gaps on the south-facing slope (48.5 m2 average, n = 20). 
The higher cover of the larger species (Pseudotsuga, 
Sequoia) and the reduction in the overlap of the two 
canopy layers on north-facing slopes accounts for the 
larger mean gap size on the north-facing slope: the upper 
canopy layer covered 71 % of line intercept transects on 
the north-facing slope but only 58 % of transects on the 
south-facing slope. Further, Sequoia comprised 87 % of 
the north-facing slope's upper canopy but only 34 % of 
the south-facing slope. The lower canopy was at its 
minimum beneath Sequoia. Consequently, nearly twice 
the area on the south-facing slope was covered by two 
canopy layers as compared with the north-facing slope. 
Where two canopy layers overlap, the death of a lower 
canopy tree does not form a gap and the death of an upper 
canopy tree may form a small gap, several smaller gaps, 
or a large gap, depending on how it dies and how many 
lower canopy trees it removes when it falls. 

Canopy gaps were not distributed randomly with 
respect to slope shape. 36 % of canopy gaps occurred on 
concave sections of slopes (Fig. 4), substantially more 
than expected from a random distribution over the sam- 
ple area (;2 = 8.75, p < 0.05). Gaps over concave sec- 
tions of slope represent primarily two distinct catego- 
ries, small gaps over narrow gullies or ravines and slope 
failures within broad swales. 

Gaps may be more frequent over gullies and ravines 
because of a slower rate of gap closure or more frequent 
disturbance. Riparian shrubs occur within these gaps 
and may interfere with the establishment and growth of 
tree saplings which would fill the gap (Hunter 1989). 
The gullies are actively eroding, undercutting trees along 
their flanks and thus possibly contributing to windthrow. 
Windthrow accounted for significantly more gaps over 
gullies (53 %, n= 15) than elsewhere (38 %, n =61). 

During heavy rainfall, slope failures of soil and 
broken rock occur within the concave swales of the 
more mesic slopes. Within the coast ranges of N. Cali- 
fornia, steep slopes are frequently punctuated by con- 
cave sections. These topographic hollows contain 1 - 5 m 
of colluvium filling a U- or V-shaped depression within 
the bedrock (Lehre 1981). Water concentrates within 
the center and lower portions of these concave hollows 
and most slope failures occur within them. After a slope 
failure removes colluvium from a hollow, the hollow 
refills by soil creep, back wearing of the scarp, and sheet 
erosion from the sides, and eventually fails again. 

These slope failures are episodes of disturbances 
rather than single disturbance events. A slope failure 
removes support from adjacent areas, destabilizing the 
slope and initiating subsequent failures. Soil creep and 
sheet erosion from the sides or backwearing of the scarp 
may undermine adjacent canopy trees, creating further 
disturbance. We surveyed three adjacent watersheds of 
old growth forest for large slope failures and located 
four. Three of these involved several successive events. 
The large slope failure within this study's random sam- 
ple of 80 gaps appears on aerial photographs in 1973 as 
a smaller gap. Prior to 1985, an additional area upslope 
failed down onto the original gap. 

Other disturbance mechanisms within this forest 
interact and also may promote episodes of repeated 
disturbance. Fire easily damages Lithocarpus and the 
trunks are weakened by decay around fire scars. Trees 
are subsequently felled by wind or ice (Roy 1957). For 
example, in portions of Big Basin State Park, a 1974 ice 
storm knocked down large numbers of Lithocarpus with 
trunks rotted as a result of fire scars (Greenlee 1983). 
Windthrows may damage other canopy individuals or 
expose adjacent individuals to stronger winds and these 
individuals may fall at a later date. Snags also involve a 
series of disturbances. Each snag involves at least two 
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Fig. 5. Frequency distribution of the probable minimum number 
of disturbance events involved in forming the gap for gaps 
sampled within the Maddock Creek Watershed, Santa Cruz 
County, California (n = 76). 

events, the initial death and defoliation of the canopy 
tree, and the eventual toppling of its trunk. Pseudotsuga 
snags involve a more protracted series of events: slough- 
ing bark, dropping branches, and the trunk snapping one 
section at a time (Graham 1982). Some of these events 
may damage the adjacent canopy. 

In this study, multiple disturbances were frequent: 
half of the sampled gaps resulted from at least two or 
more recognizable events (Fig. 5). Most involve re- 
peated windthrows or snaps. Several gaps were formed 
by a series of at least four events involving wind-thrown 
and snapped individuals. In one of these gaps, the 1904 
fire had charred the wood which was exposed after a tree 
had snapped during the first event. This dates gap initia- 
tion and indicates repeated disturbance during an 85-yr 
interval. This episodic nature of disturbance by 
windthrows, snags, fires, and slope failures indicates 
that disturbances are not randomly distributed with re- 
spect to prior disturbances nor are disturbances evenly 
rotating throughout a forest. 

Discussion 

Our results illustrate the episodic nature of gap for- 
mation, the links between canopy tree biology and gap 
properties, and the relationship between topography and 
disturbance regime. The mechanisms of slope failure, 
fire, windthrow, and death of standing trees by disease 
or herbivory may all create intervals of repeated disturb- 
ance rather than single disturbance events: slope failures 
destabilize adjacent sections of slopes; fires damage 
trees mechanically, leaving them at risk to death by 
disease, herbivory, or windthrow; wind-thrown trees 
may damage their neighbors while falling and leave 

them exposed to stronger winds; and snags may break 
apart gradually and drop debris on adjacent individuals 
and the understory for a prolonged period of time. In this 
study, half of the gaps resulted from more than one 
disturbance event. Studies of other forests have also 
found a high proportion of gaps formed by repeated 
events (e.g. Foster & Reiners 1986; Runkle & Yetter 
1987; Taylor 1990; Taylor & Halpern 1991). 

The biology of canopy species affects the character- 
istics of gaps resulting from their death. In our study, all 
snags resulted from the death of a Pseudotsuga orArbutus 
individual, the widely branched trunks of Arbutus indi- 
viduals accounted for most of the irregularly shaped 
gaps, and larger gaps resulted from the death of 
Pseudotsuga and Sequoia individuals (which are larger 
trees than the other canopy species). Other studies have 
found differences between species in their propensity to 
snap or tip up (Kanzaki & Yoda 1986), susceptibility to 
ice storm damage (Whitney & Johnson 1984; De Steven, 
Kline & Matthiae 1991), and in the size of gaps resulting 
from their deaths (Stewart 1986). 

There is both a direct and an indirect relationship 
between topography and disturbance regime. Topogra- 
phy directly affects the disturbance regime. Slope as- 
pect and position on a slope can affect the frequency of 
fires and the effects of windstorms (Kilgore & Taylor 
1979; Foster 1988). Local physiographic features can 
serve as barriers to fire (Givnish 1981; Hemstrom & 
Franklin 1982). Geomorphic processes such as rockfalls 
(Hupp & Sigafoos 1982), slope failures, and avalanches 
(Johnson 1987) are exogenous disturbances related to 
topographic features. Topography also indirectly af- 
fects the disturbance regime because resource availabil- 
ity varies with local topography, and hence so does the 
species composition and structure of the forest canopy. 
These differences in species composition and canopy 
structure result in differences in disturbance regime. In 
this study, the larger canopy species were less abundant 
on the south-facing slopes and a greater portion of the 
south-facing slopes' canopy had two canopy layers. As 
a consequence, gaps were smaller on these slopes. 

The direct and indirect relationships of disturbance 
regime and topography, the influence of canopy species 
biology on gap properties, and the repeated events in- 
volved in gap formation all indicate the need to examine 
fine scale variation in the pattern of gaps and their 
characteristics within stands of forest vegetation. 

Acknowledgements. We thank Alice Chien and the staff of 
Big Basin Redwoods State Park for their assistance. We 
appreciate the advice of M. G. Barbour, J. Brisson, J. Gaither, 
J. Greenlee, D. Hunter, T. Niesen, R. Patterson, R. K. Peet, 
C. Ray, P. White, and four anonymous reviewers. 

23 



Hunter, J. C. & Parker, V. T. 

References 

Aplet, G. H., Laven, R. D. & Smith, F. W. 1988. Patterns of 
community dynamics in Colorado englemann spruce-sub- 
alpine fir forests. Ecology 69: 312-319. 

Bergeron, Y. & Brisson, J. 1990. Fire regime in red pine stands 
at the northern limit of the species' range. Ecology 71: 
1352-1364. 

Brokaw, N. V. L. 1982. Treefalls: frequency, timing and 
consequences. In: Leigh, E. G., Rand, A. S. & Windsor, D. 
M. (eds.) The ecology of a tropical rainforest, pp. 101- 
108. Smithsonian Institute Press, Washington, D. C. 

Canfield, R. H. 1941. Application of the line interception 
method in sampling range vegetation. J. For. 39: 388-394. 

Cottam, G. & Curtis, J. T. 1956. Use of distance measures in 
phytosociological sampling. Ecology 37: 451-460. 

De Steven, D., Kline, J. & Matthiae, P. E. 1991. Long-term 
changes in a Wisconsin Fagus-Acer forest in relation to 
glaze storm disturbance. J. Veg. Sci. 2: 201-208. 

DeVries, C. 1978. Grand and ancient forest. Valley Publish- 
ers, Fresno, CA. 

Foster, D. R. 1988. Disturbance history, community organiza- 
tion and vegetation dynamics of the old-growth Pisgah 
Forest, southwestern New Hampshire, U.S.A. J. Ecol. 76: 
105-134. 

Foster, J. R. & Reiners, W. A.. 1986. Size distribution and 
expansion of canopy gaps in a northern Appalachian spruce- 
fir forest. Vegetatio 68: 109-114. 

Givnish, T. J. 1981. Serotiny, geography, and fire in the Pine 
Barrens of New Jersey. Evolution 35: 101-123. 

Graham, R. L. 1982. Biomass dynamics of dead douglas-fir 
and western hemlock boles in mid-elevation forests of the 
Cascade Range. Ph.D. thesis. Oregon State University, 
Corvallis, OR. 

Greenlee, J. M. 1983. Vegetation, fire history, and fire poten- 
tial of Big Basin Redwoods State Park, California. Ph.D. 
thesis. University of California, Santa Cruz, CA. 

Hartshorn, G. S. 1978. Treefalls and tropical forest dynamics. 
In: Tomlinson, P. B. & Zimmerman, M. H. (eds.) Tropical 
trees as living systems, pp. 617-638. Cambridge Univer- 
sity Press, London. 

Hemstrom, M. A. & Franklin, J. F. 1982. Fire and other 
disturbances of the forests in Mount Rainier National 
Park. Quat. Res. 18: 32-51. 

Hunter, J. C. 1989. The pattern of canopy gaps in an old 
growth forested landscape. M.A. thesis. San Francisco 
State University, San Francisco, CA. 

Hupp, C. R. & Sigafoos, R. S. 1982. Plant growth and block- 
field movement in Virginia. In: Swanson, F. J., Landa, R. 
J., Dunne, T. & Swanston, D. N. (eds.) Sediment budgets 
and routing in forested drainage basins, pp. 78-85. U. S. 
D. A. For. Serv. Gen. Tech. Rep. PNW-141. 

Jepson, W. L. 1910. The silva of California. Calif. Univ. Mem. 2. 
Johnson, E. A. 1987. The relative importance of snow ava- 

lanche disturbance and thinning on canopy plant popula- 
tions. Ecology 68: 43-53. 

Kanzaki, M. & Yoda, K. 1986. Regeneration in subalpine 
coniferous forests: mortality and the pattern of death of 
canopy trees. Bot. Mag. Tokyo 99: 37-51. 

Kilgore, B. M. & Taylor, D. 1979. Fire history of a Sequoia- 

mixed conifer forest. Ecology 60: 129-142. 
Lehre, A. K. 1981. Sediment mobilization and production 

from a small Coast Range catchment: Lone Tree Creek, 
Marin Co., California. Ph.D. thesis. University of Califor- 
nia, Berkeley, CA. 

Liu, Q. & Hytteborn, H. 1991. Gap structure, disturbance and 
regeneration in a primeval Picea abies forest. J. Veg. Sci. 
2: 391-402. 

McJunkin, R. D. 1983. Geology of Big Basin Redwoods State 
Park, Santa Cruz County, California. California Division 
of Mines and Geology Open-File Report 84-6SAC. 

Minnich, R. A. 1989. The biogeography of fire in the San 
Bernardino Mountains of California. Univ. Cal. Publ. 
Geogr. 28. 

Mueller-Dombois, D. & Ellenberg, H. 1974. Aims and meth- 
ods of vegetation ecology. John Wiley and Sons, New 
York. 

Munz, P. A. & Keck, D. D.. 1968. A California flora and 
supplement. University of California Press, Berkeley, CA. 

Putz, F. E. & Milton, K. 1982. Tree mortality rates on Barro 
Colorado Island. In: Leigh, E. G., Rand, A. S. & Wilson, 
D. M. (eds.) The ecology of a tropical forest, pp. 95-100. 
Smithsonian Institute Press, Washington, D. C. 

Roy, D. F. 1957. Silvical characteristics of tanoak. U. S. D. A. 
For. Ser. Cal. For. & Range Exper. Stat., Tech. Paper 22. 

Runkle, J. R. 1982. Patterns of disturbance in some old-growth 
mesic forests of eastern North America. Ecology 63: 1533- 
1546. 

Runkle, J. R. 1985. Disturbance regimes in temperate forests. 
In: Pickett, S. T. A. & White, P. S. (eds.) The ecology of 
natural disturbance and patch dynamics, pp. 17-33. Aca- 
demic Press, San Francisco. 

Runkle, J. R. & Yetter, T. C. 1987. Treefalls revisited: gap 
dynamics in the Southern Appalachians. Ecology 68:417- 
424. 

Stewart, G. H. 1986. Forest development in canopy openings 
in old growth Pseudotsuga forests of the western Cascade 
Range, Oregon. Can. J. For. Res. 16: 558-568. 

Taylor, A. H. 1990. Disturbance and persistence of Sitka 
spruce in coastal forests of the Pacific Northwest. Bioge- 
ography 17: 47-58. 

Taylor, A. H. & Halpern, C. B. 1991. The structure and 
dynamics of Abies magnifica forests in the southern Cas- 
cade Range, USA. J. Veg. Sci. 2: 189-200. 

Viers, S. D. 1982. Coast redwood forest: stand dynamics, 
successional status, and the role of fire. In: Means, J. (ed.) 
Proc. symp. forest succession and stand development re- 
search in the Northwest, pp. 119-141. Oregon State Uni- 
versity, Corvallis, OR. 

Whitney, H. E. & Johnson, W. C. 1984. Ice storms and forest 
succession in southwestern Virginia. Bull. Torr. Bot. Club 
111: 429-437. 

Received 26 April 1992; 
Revision received 6 July 1992; 

Accepted 6 July 1992. 

24 


	Article Contents
	p. 19
	p. 20
	p. 21
	p. 22
	p. 23
	p. 24

	Issue Table of Contents
	Journal of Vegetation Science, Vol. 4, No. 1 (Feb., 1993), pp. 1-144
	Front Matter [pp.  3 - 4]
	Editorial: The Journal of Vegetation Science: Volume 4 [pp.  1 - 2]
	Reproductive Biology in a Tropical Shrubland of Venezuelan Guayana [pp.  5 - 12]
	Latitudinal Pattern of Mountain Vegetation Zonation in Southern and Eastern Asia [pp.  13 - 18]
	The Disturbance Regime of an Old-Growth Forest in Coastal California [pp.  19 - 24]
	Changes in Soil Characteristics in Eucalypt Plantations Replacing Natural Broad-Leaved Forests [pp.  25 - 28]
	The Calcifuge Behaviour of Viscaria vulgaris [pp.  29 - 36]
	A Hierarchical Set of Models for Species Response Analysis [pp.  37 - 46]
	An 11 400 Year Paleoecological History of a British Chalk Grassland [pp.  47 - 66]
	Allosyncarpia-Dominated Rain Forest in Monsoonal Northern Australia [pp.  67 - 82]
	Vegetation-Environment Relationships in a Negev Desert Erosion Cirque [pp.  83 - 94]
	Tree Seedling Development in Tropical Dry Abandoned Pasture and Secondary Forest in Costa Rica [pp.  95 - 102]
	Diversity Patterns of Wet Meadows along Geochemical Gradients in Central Spain [pp.  103 - 108]
	Changes in Composition and Structure of Vitex Shrubland in Northern China in Relation to Human Disturbance [pp.  109 - 114]
	Vegetation Establishment in Post-Fire Adenostoma Chaparral in Relation to Fine-Scale Pattern in Fire Intensity and Soil Nutrients [pp.  115 - 124]
	A Syntaxonomical Study of Subalpine Heathland Communities in West European Low Mountain Ranges [pp.  125 - 134]
	Forum
	Do Ecological Communities Exist? A Reply to Bastow Wilson [pp.  135 - 136]

	Book Reviews
	untitled [p.  137]
	untitled [pp.  137 - 138]
	untitled [pp.  138 - 139]
	untitled [p.  139]
	untitled [p.  140]
	Short Reviews [p.  140]

	Teofil Wojterski 1992-1991 [p.  141]
	Fernando González Bernáldez 1933-1992 [p.  142]
	IAVS News [pp.  143 - 144]
	Back Matter



