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 Abstract

 Natural disturbances, especially fire and treefalls, influence tree canopy composition in the Pseudotsuga men
 ziesii forests of the western Cascade Range, Oregon. The composition of tree, shrub, and herb assemblages
 in the understorey of stands with different canopy types, such as maturing Pseudotsuga, Tsuga heterophylla,
 or mixed species stands, also differs.

 Differences in both canopy type and the prevalence of canopy openings correlated with different degrees
 of understorey development in stands of similar ages. This suggests that understorey assemblages also reflect
 disturbance history. Before understorey assemblages can be used to relate community samples to community
 or habitat types, the extent to which their composition reflects long term influences of stand history vs. differ

 ences in site potential must be determined.

 Nomenclature: follows Hitchcock & Cronquist (1973), Flora of the Pacific Northwest, unless otherwise indicat
 ed.

 Introduction

 In previous work (Stewart 1986a, b) I showed that
 fire and other disturbances determine tree canopy
 composition and the prevalence of canopy openings
 in Pseudotsuga forests of the central western Cas
 cade Range, Oregon, USA. The early establishment
 and dominance by a species on a site bared by fire
 was a determinant of subsequent regeneration. If
 Pseudotsuga menziesii dominated early, regenera
 tion of Tsuga heterophylla, and often Abies amabi
 lis, was rapid (Stewart 1986a). If however, Tsuga het
 erophylla established first, further regeneration of

 other species was absent or minimal until canopy
 openings formed. In stands unaffected by fires for
 several centuries, regeneration was confined to tree
 fall gaps or under Pseudotsuga canopies and rarely
 occurred under Tsuga (Stewart 1986b).

 In the course of these earlier studies I observed

 that differences in the overstorey also affected un
 derstorey development. Pseudotsuga forests often
 had a lush herbaceous understorey while adjacent
 Tsuga or multilayered Pseudotsuga-Tsuga stands
 had only a trace of understorey development. In ten
 stands ca 100-400 yr old there was a significant
 negative correlation of understorey cover with per
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 cent dominance of Tsuga in the canopy (Stewart
 1985). In old-growth Pseudotsuga stands
 (> 400 -450 yr old) mean understorey cover under

 Pseudotsuga canopies or beneath canopy gaps was
 over twice that under Tsuga (Stewart 1986b). In
 southeast Alaska, Alaback (1982) also noted
 depauperate understoreys beneath Tsuga heter
 ophylla and considered that they were a direct result
 of its high foliar biomass.

 Because forest communities of the western Cas

 cade Range are differentiated by the potential climax
 tree species and the cover of shrub and herb species
 I considered it important to determine the possible
 impacts of forest canopies on understorey develop

 ment. In this paper I investigate the influence of
 canopy type and canopy openings on the composi
 tion and cover of understorey trees, shrubs, and
 herbs in Pseudotsuga forests of the central western
 Cascade range, Oregon.

 Methods

 Study sites

 Two major forest zones are widespread in the central
 western Cascade Range; the Tsuga heterophylla zone
 (ca 300-1050 m elevation) and the Abies amabilis

 zone (ca 1050-1550 m elevation). Between these
 zones there is a transition' zone where both Tsuga
 and Abies may assume a climax role (Franklin &
 Dyrness 1973). This study deals with forests of the
 'transition' zone adjacent to Soapgrass Mountain in
 the Williamette National Forest, Linn County, Ore
 gon.

 The forest stands studied were: a mixed-canopy
 stand at lat. 44?26'N, 122? 19'W (Pseudotsugamen
 ziesii, Abies procera, Tsuga heterophylla, Abies
 amabilis - hereafter referred to as the 'mixed'
 stand); a Pseudotsuga menziesii-aomimita stand
 (the 'Pseudotsuga' stand), and an adjacent Tsuga
 heterophylla-dominated stand (the 'Tsuga' stand)
 located approximately 2 miles southeast of the

 mixed stand (Table 1, Fig. 1). Canopy types in the
 mixed stand were identified as predominantly (1)
 Tsuga heterophylla (2) Pseudotsuga menziesii/Abies
 procera and (3) canopy gap (an opening in the forest
 canopy at least 3 m in diameter, as a vertical projec
 tion from the edges of the crowns to the forest floor).
 Canopy types in the other two stands were the domi

 nant species, Pseudotsuga or Tsuga.

 Canopy structure

 Two indirect methods were used to assess differences

 Table 1. Site variables and vegetation characteristics of each stand.

 Mixed stand*  Pseudotsuga stand  Tsuga stand

 Aspect
 Slope (?)
 Elevation (m)
 Fire dates (AD)a
 Mean tree age (yr ? S.E.)a
 Age of oldest tree (yr)
 Basal area (m2/ha)
 Mean canopy height (m)a
 ?/o frequency canopy gapsa
 Association5

 NW
 0-3
 1250
 1230, 1410, 1540, 1870
 101.6?1.0(/i = 59)
 117
 100.3
 30
 11.9
 Pacific silver fir/

 coolworty
 foamflower

 SE
 15
 1140
 1860
 108.5 ? 1.6 (rt = 24)
 120
 96.5
 40
 9.3
 Pacific silver fir/

 vine maple/cool
 worty foamflower

 SE
 15
 1140
 1410, 1840
 128.7 ?2.9 (? = 23)
 146
 115.2
 30
 1.3
 Pacific silver fir/

 dwarf Oregon
 grape

 * = mixed stand (GM-2), Pseudotsuga stand (SM-1), and Tsuga stand (SM-2) in Stewart (1985).
 a = from Stewart (1985).
 b = from Hemstrom et al. (1982).
 n = number of trees aged.
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 Fig. 1. Relative dominance of major tree species in each stand by relative height class (adapted from Stewart 1985).
 D = Abies procera, \H\ = Pseudotsuga menziesii, El = Tsuga heterophylla, I = Abies amabilis.
 Height classes are: I. seedlings (30-140 cm); II. overtopped; III. intermediate; IV. lower main canopy; and V. upper main canopy.
 n = number of individuals in each relative height class.

 in cover between canopy conditions within the mixed

 stand and between the Pseudotsuga- and Tsuga
 canopied stands.
 1. Canopy cover was estimated by assessing poten

 tial light conditions in each stand from
 hemispherical fish-eye photographs of the cano
 py. In the mixed stand, 11-13 photographs were
 taken at 1 m above ground level at random loca
 tions under each canopy type. In the Pseudotsuga
 and Tsuga stands, 8 and 11 photographs respec
 tively were taken at 1 m above ground level at
 10 m intervals along a transect bisecting each
 stand longitudinally. Percentages were calculated
 for potential total diffuse plus direct radiation
 ('total site factor') and potential direct radiation
 only ('direct site factor') for the growing season
 (May-September) (Anderson 1964a, b).

 2. The frequency of canopy gaps was assessed for
 each stand from 3 x 3 m contiguous quadrats
 (Stewart 1985).

 Understorey sampling

 In each stand 50-100 quadrats (1 x 1 m) were sam
 pled on a restricted-random basis beneath each
 specified canopy type. Each quadrat was located
 within 3 m of the trunk (Tsuga or Pseudotsu
 ga/Abies) or within the canopy opening nearest to
 a randomly chosen point.

 In each quadrat the presence of all vascular spe

 cies in the understorey was recorded, and total cover
 of each of the non-tree species was visually estimat
 ed in percentage cover classes of <1, 1-5, 6-25,
 26-50, 51-75, and 76-100%. Tree seedlings were
 counted, height of the tallest individual of each spe
 cies was measured, and the numbers rooted on fallen

 logs were recorded.

 Results

 Forest structure and stand development

 Fire and other disturbances such as treefalls deter

 mined the composition of the forest canopies in all
 stands. In the mixed stand, Pseudotsuga, Abies
 amabilis, Abies procera and Tsuga heterophylla had
 all established as pioneers after a stand destroying
 fire in about 1870 (Table 1). A few remnant trees
 from older populations had scars from, or had es
 tablished after, fires in about 1230, 1410, and
 1540 AD. Recent treefalls of old Pseudotsuga snags
 had created small canopy openings (50-100 m2).
 The predominantly single species Pseudotsuga
 stand had established after a stand destroying fire in
 about 1860, and the Tsuga stand after an earlier less
 severe fire in about 1840 AD (Table 1). Several emer
 gent old-growth Pseudotsuga that had established
 after a fire in about 1410, were a feature of the Tsuga
 stand. Both the Pseudotsuga and Tsuga stands were
 subsequently undisturbed by treefalls.
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 Regeneration patterns in the three stands differed
 as a result of the different disturbance histories. The

 understorey tiers (I and II) were dominated by Tsuga
 and Abies amabilis in the mixed stand, by Tsuga in
 the Pseudotsuga stand, and characterised by a few
 Tsuga seedlings and saplings in the Tsuga stand
 (Fig. 1). Pseudotsuga was not regenerating in any of
 the stands, and Abiesprocera seedlings were sparsely
 represented only in the Pseudotsuga stand (Fig. 1).

 The replacement of shade intolerant Pseudotsuga
 and Abies procera by the more shade tolerant Tsuga
 and/or Abies amabilis is apparently occurring at
 different rates, e.g., in the mixed stand Abies amabi

 lis was present in all tiers indicating that it has been

 continuously regenerating since the last fire, whereas
 in the relatively undisturbed Tsuga stand Abies
 amabilis had only recently established as seedlings
 (Fig. 1).

 Canopy cover

 Canopy gaps were significantly more frequent in the
 mixed canopy and Pseudotsuga stands than in the
 Tsuga stand (P < 0.001, x2 test, Table 1). Although
 gaps were almost as frequent in the Pseudotsuga
 stand as in the mixed stand, they were generally small

 (<25 m2) openings between the Pseudotsuga
 crowns, not distinct 'holes' in the canopy such as

 those created by dead standing trees and snags or by
 treefalls in the mixed stand.

 The estimates of the potential understorey light
 environment verified differences in cover between

 canopy types. In the mixed stand, dense-crowned
 Tsuga in and below the main canopy caused poten
 tial direct radiation estimates of about 50% less than

 those for canopy openings or mixed canopies (Ta
 ble 2). Differences in potential direct radiation were
 even more substantial in the single species stands.
 The Pseudotsuga understorey received over twice the
 amount of radiation reaching the understorey in the

 Tsuga stand. Total potential radiation was not sig
 nificantly different under the three canopy types in
 the mixed stand because of the strong influence of
 Tsuga in subcanopy tiers. Because of more even
 canopy cover, understoreys in the single species
 stands received lower total potential radiation than
 those in the mixed stand (Table 2).

 Tree seedlings

 Tsuga and Abies amabilis seedlings were rare or ab
 sent under Tsuga canopies in all stands (Tables 3, 4
 and 5). Conversely, Abies amabilis seedlings were
 common under a Pseudotsuga or Pseudotsu
 ga/Abies procera canopy. Seedlings were shortest
 beneath Tsuga canopies and tallest in canopy open

 Table 2. Mean light conditions (?S.E.) for different canopy types determined from hemispherical photographs.

 Stand and canopy type Nr Percent total Percent direct
 photos diffuse + direct radiation

 radiation

 Mixed stand
 canopy gaps 11 43.6?1.1 9.6?0.6a

 Tsuga heterophylla 13 44.9 ? 1.6 6.1 ? 0.4b
 Pseudotsuga/A. procera 11 46.6 ? 1.9 8.7 ? 0.9a

 Pure stands
 Pseudotsuga menziesii 11 36.6?0.7a 11.4?0.7a

 Tsuga heterophylla 8 31.1 ? 1.2b 4.8 ? 0.5b

 Note: Percentages in each column followed by a different letter are significantly different according to a Kruskal-Wallis one-way analysis
 of variance by ranks test (3-way comparison, P<0.001) or a Mann-Whitney U test (2-way comparison, P<0.005). Only within area
 comparisons were made.
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 Table 3. Mean maxiumum height (cm, ? S.E.) of tree seedlings in 1 x 1 m quadrats under different canopy types in the three stands.
 Percentages of seedlings on elevated surfaces also included.

 Seedling species ?/o elevated

 Canopy type Abies Tsuga Abies Tsuga
 amabilis heterophylla amabilis heterophylla

 mixed stand
 Tsuga heterophylla 11.3?6.3a - (0)
 (n=100)*
 P. menziesii/A. procera 20.0 ? 3.2b + * * (22)
 (n = 50)

 canopy gaps 27.7 ? 4.9c 37.5 ?2.5 (14) (100)
 (n = 50)

 pure stands
 Tsuga heterophylla 5.6?0.6a - (0)
 (n=100)
 Pseudotsuga menziesii 23.6?6.6b 61.5?7.4 (42) (86)
 (n=100)

 Note: Mean maximum heights for each species followed by a different letter are significantly different according to a one-way ANO VA
 and applying Duncan's new multiple-range test (3-way comparison, P<0.05) or a t-test (2-way comparison, P<0.05).
 * number of quadrats sampled.
 ** + = absolute frequency <5.

 ings (Table 3), indicating either different establish
 ment times or different growing conditions under
 each canopy type.

 Tsuga seedlings were most abundant on elevated
 woody substrates such as old Pseudotsuga logs and
 stumps (Table 3). These substrates were common
 beneath Pseudotsuga, mixed canopies and in cano
 py openings, but rare under Tsuga, again indicating
 different conditions under the different canopy
 types.

 Shrub and herbaceous vegetation

 In the mixed stand, most major understorey species
 were more frequent in canopy openings than
 beneath the other canopy types (Table 4). Many of
 these species were also frequent under a mixed cano
 py of Pseudotsuga/Abiesprocera, and were signifi
 cantly more frequent here than beneath a Tsuga
 canopy (Table 4).

 Differences in understorey cover for the different
 canopy types of the mixed stand were more marked
 than differences in frequency. All species had <2%

 cover under a Tsuga canopy; most had >2% cover
 under Pseudotsuga/Abies procera and in canopy
 openings (Table 4). Although several species (e.g.,
 Vaccinium alaskaense) were present in many of the
 Tsuga plots, they contributed little cover as they were
 generally < 20 cm tall. Cover in canopy openings
 was significantly higher than under mixed canopies
 for most species (e.g., Vaccinium, Clintonia, Smila
 cina, and Tiarella).

 Species richness was greater under mixed Pseu
 dotsuga/Abies procera canopies and in canopy
 openings than under Tsuga (Table 4). No species
 grew exclusively under Tsuga, but several rare species
 were limited to one or both of the other canopy types
 (e.g., Achlys triphylla, Listera borealis, Valeriana
 sitchensis, Campanula scouleri and Streptopus
 roseus).

 In the single species stands (Table 5) all species ex
 cept A bies amabilis were significantly more frequent
 under Pseudotsuga than under Tsuga. Covers of
 most species were greater than 5?7o under Pseudotsu
 ga but did not exceed 1% under Tsuga. Forty-four
 species were encountered under Pseudotsuga, but
 only 25 under Tsuga. Many species were exclusive to
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 Table 4. Frequency and cover of common species in 1 x 1 m quadrats under different canopy types in the 'mixed' stand. Only species
 with frequency >25% are listed.

 Species  Canopy type

 % frequency

 Tsuga
 heterophylla
 (n=100)a

 % cover (?S.E.)

 P. menziesii/
 A. procera
 (n = 50)

 canopy
 openings
 (n = 50)

 Tsuga
 heterophylla
 (n=100)

 P. menziesii/ canopy
 A. procera openings
 (n = 50) (n = 50)

 Tree seedlings, shrubs
 Abies amabilis 3
 Vaccinium alaskaense 63
 Rubus lasiococcus 32

 Herbs, ferns
 Clintonia uniflora 21
 Cornus canadensis 26
 Smilacina stellata 9
 Pteridium aquilinum 9
 Tiarella unifoliata 8
 Trillium ovatum 21

 Viola spp.c 41
 Coptis laciniata 5
 Pedicularis racemosa 4

 All speciesd
 Total number of species 23
 Total of absolute frequencies/n 2.6

 38*
 82*
 86*

 38*
 88*
 12
 34*
 16
 46*
 88*
 44*
 12*

 33*
 7.3*

 42*
 92*

 78*
 84*
 50*
 46*
 30*
 32*
 90*
 54*
 30*

 27
 8.2*

 1.6 ?0.3
 1.7?0.5

 + b
 +
 +
 +
 +
 +
 +
 +
 +

 not measured
 22.3 ?3.7
 16.9?3.2

 4.5?1.1
 20.6 ?2.9
 4.2?2.3
 5.2?1.8
 +

 1.8?0.6
 5.3 + 1.0
 12.1 ?3.1
 1.6 ?0.9

 43.7:
 16.6:

 4.5
 2.7

 9.4+1.5
 26.9?3.5
 13.0 + 3.1
 10.7?2.9
 4.4?2.0
 2.0?0.9
 2.4?0.5
 11.2 + 2.9
 5.2+ 1.8

 Note: Differences in percent frequency were subjected to a \2 test using the absolute frequencies and applying Yates' correction (Greig
 Smith 1964). Pairwise comparisons were made between Tsuga and each of the other canopy types. Differences in cover were not statistical
 ly compared.
 a number of quadrats sampled.
 b + = <i% cover.
 c 3 species were recognised; Viola glabella, V. sempervirens and V. orbiculata.
 d includes 20 additional species which occurred in < 25% of the quadrats under any canopy condition. The species are: Tsuga heterophyl

 la, Vaccinium membranaceum, Rosa gymnocarpa, Ribes lacustre, Chimaphila umbellata, Rubus ursinus, Anemone lyallii, Achlys
 triphylla, Vancouveria hexandra, Campanula scouleri, Xerophyllum tenax, Pyrola secunda, Listera borealis, Hieracium albiflorum,
 Valierana sitchensis, Osmorhiza chilensis, Goody era oblongifolia, Streptopus roseus, Linnaea borealis, Polystichum munitum.

 * indicates significant difference from Tsuga at P<0.05.

 the Pseudotsuga stand (e.g., Acer circinatum, A nem
 one deltoidea, Pedicularis racemosa, Pyrola secun
 da, and Clintonia uniflora). Berber?s nervosa was
 the only species significantly more frequent under
 Tsuga than under Pseudotsuga (27% vs 3%).

 Discussion

 The three stands were following different succession

 al pathways after fire (Stewart 1985). The replace

 ment of shade intolerant Pseudotsuga and Abies
 procera by the more shade tolerant Tsuga and/or
 Abies amabilis was occurring at different rates, e.g.,
 in the mixed stand Abies amabilis was present in all
 height tiers and it had established intermittently over
 the last 120 yr (Stewart 1985). In contrast, in the rela

 tively undisturbed Tsuga stand, Abies amabilis had
 only recently established as seedlings.

 The differences in understorey composition
 documented in the present study indicate that under

 storey development was also occurring along differ
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 Table 5. Frequency and cover of common species in 1 x 1 m quadrats under different canopy types in the 'pure' stands. Only species
 with frequency >30% are listed.

 Species
 ?/o frequency

 Tsuga
 heterophylla
 (n=100)a

 Pseudotsuga
 menziesii
 (n=100)

 % cover (?S.E.)

 Tsuga
 heterophylla
 (n=100)

 Pseudotsuga
 menziesii
 (n=100)

 Tree seedlings, shrubs
 Abies amabilis
 Tsuga heterophylla
 Vaccinium alaskaense
 Vaccinium membranaceum

 Chimaphila umbellata
 Rubus ursinus
 Rubus lasiococcus

 Herbs, ferns
 Clintonia uniflora
 Cornus canadensis
 Smilacina stellata
 Pteridium aquilinum
 Viola spp.c
 Linnaea borealis
 Pyrola secunda

 All speciesd
 Total number of species
 Total of absolute frequencies/n

 16
 18
 4
 7
 1

 25
 1.5

 13
 23*
 45*
 44*
 71*
 93*
 41*

 49*
 52*
 76*
 52*
 67*
 63*
 32*

 44*
 9.6*

 not measured
 not measured
 + b
 +
 +
 +
 +

 7.8+ 1.6
 3.3?0.8
 12.5 + 1.8
 2.5?0.3
 3.2?0.6

 8.0+ 1.5
 12.6?2.0
 25.1 +3.1
 6.6+ 1.3
 4.5?0.7
 6.5?1.0

 +

 Note: Differences in percent frequency were subjected to a x2 test using the absolute frequencies and applying Yates' correction (Greig
 Smith 1964). Differences in cover were not statistically compared.
 a number of quadrats sampled.
 b + = <1% cover.
 c 3 species were recognised; Viola glabella, V. sempervirens, V. orbiculata.

 d includes 28 additional species which occurred in < 30% of the quadrats under either canopy condition. The species are: Abies procera,

 Pseudotsuga menziesii, Vaccinium parvifolium, Acer circinatum, Berber?s nervosa, Rubus nivalis, Rosa gymnocarpa, Chimaphila
 menziesii, Spiraea sp. (probably S. betulifolia), Symphoricarpos mollis, Pyrola picta, Galium oreganum, Listera borealis, Poly
 stichum munitum, Tiarella unifoliata, Vancouveria hexandra, Xerophyllum tenax, Hieracium albiflorum, Oxalis oregana, Streptopus
 roseus, Campanulascouleri, Corallorhizamertensiana, Anemonedeltoidea, Achlystriphylla, Trillium ovatum, Pedicularis racemosa,
 Goodyera oblongifolia, Coptis laciniata.

 * indicates significant difference from Tsuga at P<0.05.

 ent trajectories. Canopy type has a marked influence
 on the degree of understorey development once trees
 dominate a site (cf. Zamora 1982). In the mixed
 stand the degree of understorey development de
 pended on the canopy type, with gaps
 > Pseudotsuga/Abies procera canopies > Tsuga
 canopies. In the Pseudotsuga stand the understorey
 was well developed after 120 yr, whereas in the
 dense-canopied Tsuga stand after ca 150 yr it was
 still minimal (Tables 1 and 5). As the canopies of the

 Pseudotsuga and Tsuga stands open up it is unlikely
 that their understoreys will become like those of the
 mixed stand.

 Differences in understorey composition between
 canopy types may have been related to the potential

 light environment in which the understorey devel
 oped. Potential direct radiation was low beneath
 Tsuga canopies where tree seedlings were rare and
 understorey development was minimal (Table 2, 4
 and 5). Potential direct radiation beneath the other
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 canopy types, however, was significantly higher, and
 Abies amabilis and/or Tsuga heterophylla were able
 to regenerate and maintain height growth. The per
 cent frequency, cover, and species richness of most
 understorey shrubs and herbs were also significantly
 higher beneath the other canopy types than beneath
 Tsuga.

 However, differences in canopy type will also de
 termine other variables not measured in this study,
 such as available soil moisture (e.g., Voigt 1960), a
 factor critical for understorey development (Christy
 1982; Daubenmire 1930). In addition, canopy type
 influences the type of substrates available for see
 dling regeneration. For example, Tsuga seedlings
 may have been rare in the Tsuga stand because most
 log substrates available for their establishment were

 fallen Tsuga stems, not old Pseudotsuga logs or
 stumps, their favoured establishment sites (Christy
 & Mack 1984).

 Similar overstorey-understorey relationships have
 been observed for Tsuga canadensis (L.) Carr. (east
 ern hemlock) in Indiana (Daubenmire 1930, 1936),
 central New York (Lewin 1974), hemlocks northern
 range (Rogers 1980), and in the Great Smoky Moun
 tains (Hicks 1981). It has been suggested that many
 understorey species common to non-hemlock
 forests are apparently unable to reproduce or even
 survive under hemlock canopies due to a combina
 tion of deep evergreen shade, leached coarse
 textured soil, and persistent, probably antibiotic, lit
 ter (Daubenmire 1930; Lewin 1974; Rogers 1980).
 Woods & Whittaker (1981) and Woods (1984)

 found that total sapling density was significantly
 lower in the hemlock-northern hardwood forests in

 areas with high hemlock dominance and that see
 dling and sapling establishment or mortality were
 related to the species of nearby canopy trees. Fur
 thermore, maintenance of spatial heterogeneity in
 forest floor resources by the presence of different
 species of canopy trees may be important in the

 maintenance of diversity in understorey herb com
 munities (Crozier & Boerner 1984). The lack of un
 derstorey species under eastern hemlock led Glenn
 Lewin (1977) to suggest that conifer species have a
 strong negative effect on temperate-zone plant
 diversity in North America.

 The extent to which vegetation layers are correlat

 ed has significant implications for classification
 (McCune & Antos 1981), e.g., in boreal forests the
 poor correspondence between tree canopy types and
 their understoreys led the Finnish (Caj ander 1926) to
 develop a system of classification based primarily on
 the understorey vegetation (although sole reliance
 on the understorey has now been questioned - see
 Lahti & Vaisanen 1987). Similarly, in the western
 United States the view that the forest overstorey and

 understorey occupied their areas independently,
 responding more directly to abiotic than to biotic in
 fluences, led to the development of the habitat type
 classification (Daubenmire 1952).

 Forest classification systems based on the habitat
 type concept (Layser 1974) require recognition of the
 potential climax (sensu Daubenmire 1952) tree spe
 cies and understorey assemblages in a stand
 (Daubenmire & Daubenmire 1968). Potential climax
 trees can be identified by evaluating the stand struc
 ture and relative shade tolerance of the tree species
 since the most shade tolerant are the most likely to
 become dominant (Daubenmire & Daubenmire
 1968; Pf ister & Arno 1980). Once the canopy closes,
 sun-requiring herbs and shrubs are eliminated, leav
 ing shade tolerant species to persist indefinitely.
 The nature of potential climaxes can therefore be

 inferred from population analyses of the trees and
 the shade-tolerant shrubs and herbs present in the
 understoreys of old-stable stands (Daubenmire &
 Daubenmire 1968; Daubenmire 1980), in maturing
 serai stands often as young as 50-100 y (Hem
 strom et al. 1982; Pfister & Arno 1980; Brockway et
 al. 1982), or in Stable-state' stands (Hall 1980).

 Because in the forests of the western Cascade
 Range many species are widely distributed, commu
 nities are usually differentiated by the cover, rather
 than the presence, of shrub and herb species (Dyr
 ness et al. 1974; Hemstrom et al. 1982; Brockway et
 al. 1983). This classification system is similar to the
 habitat type concept except that the habitat type in
 cludes the climax plant communities and the land
 area they occupy. Communities are composed of
 different plant associations, or 'more or less discrete,

 recurring collections of plant species which main
 tain stable populations over a long time period'
 (Hemstrom et al. 1982). Inherent in this definition
 is a rapid (50-100 y) stabilisation in understorey
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 composition and a long, disturbance-free period;
 only those plants which can grow and reproduce in
 competition with their neighbours remain.

 However, extensive areas of forest in the central
 portion of the western Cascade Range have been af
 fected by recurrent fires and treefalls (see Introduc
 tion). In these stands succession from shade intoler
 ant pioneers to climax shade tolerant species can
 follow different pathways and occur at different
 rates, e.g., Pseudotsuga menziesii and/or Abies
 procera may be replaced by Tsuga heterophylla
 and/or Abies amabilis but any or all of these species
 may behave as pioneers immediately after fire
 (Franklin & Hemstrom 1981; Stewart 1986a). There
 fore, although potential climax tree species in these
 forests can be easily recognised in stands un
 disturbed by fire (Franklin & Dyrness 1973), their
 recognition in most stands depends on a knowledge
 of the historical factors influencing successional de
 velopment (cf. Alaback 1982). My results also sug
 gest that although relatively long fire-free periods
 may occur the understorey may not stabilise for
 several centuries because of the influences of canopy

 composition and small-scale canopy openings.
 Recently, White et al. (1985) contrasted various

 predictions of stand composition as a way of ex
 amining the assumptions of the over
 storey/understorey comparison. They found that
 traditional methods for prediction of future forest
 composition result in divergent predictions depend
 ing on the kind of data and assumptions that are
 used. In particular the traditional methods do not
 account for canopy/understorey interactions,
 differential survivorship among species, longevity of
 canopy species and fail to adequately predict the im
 portance of species which exploit canopy gaps. In
 my study both the composition and cover of under
 storey species varied greatly between canopy types
 (Tables 4 and 5). This suggests that differences in un

 derstorey species cover must be interpreted cautious

 ly before community samples can be related to com
 munity or habitat types.
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