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National Forest managers in the Pacific Northwest are faced with

the task of simultaneously harvesting forest products and maintaining

ecosystem integrity and biological diversity. Consequently, forest

managers are applying "ecosystem management" techniques which seek to

manage stands for both ecosystem integrity and productivity. Ecosystem

management approaches include leaving standing green trees and snags, as

well as coarse woody debris, as would be left by natural disturbances

(e.g. fire). However, these techniques are being implemented with

little data on long term effects. This study uses a retrospective

approach to examine effects of green tree retention on biodiversity and

community structure of understory vascular plants and forest floor

bryophytes. Fourteen natural two-storied stands of mature residual

trees over well-stocked rotation-aged regeneration (60-100 years old) in

the Tsuga heterophylla (Raf.) Sarg. zone of the central Cascades in

Oregon were selected for study sites. Within each site, a pair of

nested, concentric fixed radius plots (one with residual trees,

analogous to green tree retention, and one without residual trees) were

sampled. Data were collected on residual trees, tree regeneration,

vascular plants and forest floor bryophytes. Residual trees were

positively correlated with several structural features including snag

mass and percentages of western hemlock in the regeneration, and

negatively correlated with percentages of Douglas-fir in regeneration
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and overall conifer volume. While differences in undergrowth species

richness and cover between plots with and without residuals were not

apparent on a pairwise basis, analyses across all sites suggested that

residuals did influence undergrowth communities. Shrub community

composition was correlated with residual tree number, volume, crown area

and basal area and with regeneration conifer volume, abundance and

species composition (e.g., percentages of Douglas-fir verses western

hemlock). Herb communities were most strongly correlated with species

composition of tree regeneration, which was correlated with residual

tree abundance. Vascular plant species richness was higher in

relatively open drier, Douglas-fir-dominated forests, which tended to

have fewer residual trees. Similarly, species richness for late-

successional species decreased as the percentage of western hemlock in

the regeneration and canopy cover increased. Occurrence of some late-

successional species was positively correlated with the abundance of

coarse woody debris. Bryophyte communities were apparently influenced

by snag mass, residual tree volume and live basal area, and hardwood

volume.
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Effects of Variation in Ecosystem Carryover on Biodiversity and
Community Structure of Forest Floor Bryophytes and Understory Vascular

Plants: A Retrospective Approach

INTRODUCTION

The preservation of biological diversity is one of the most

important environmental priorities today (Lubchenco et al. 1991). One

of the greatest threats to biodiversity is habitat loss. In the Pacific

Northwest, concern focuses on loss of biotically rich and structurally

complex old-growth forest (FEMAT 1993). These forests are invaluable

habitats for many organisms (Norse 1990), whereas stands managed for

maximum timber productivity have many habitat attributes (soil

nutrients, woody debris, undergrowth) that have been minimized (Alaback

1982). Old-growth forests are characterized by a multi-layered canopy

consisting of living and dead trees and with abundant woody debris

(Franklin et al. 1981). The mosaic of gaps and shaded areas allows a

spatially heterogeneous understory and a rich assemblage of plant

species (Franklin & Spies 1991). Some surveys show that management

practices that interfere with the development of old-growth structural

features are likely to result in a long-term loss of species diversity

(e.g., Halpern 1993). Fully stocked young forests with lower structural

diversity have some of the lowest vascular plant species diversity of

forest types in the Pacific Northwest (Franklin & Spies 1991).

Therefore, forest managers, who are required to manage for timber

production, ecosystem integrity and biological diversity (Kessler et al.

1992; Swanson & Franklin 1992; R.O.D. 1994) are now being charged with

fostering spatial and compositional heterogeneity in forests, in part as

a means of maintaining their biodiversity (R.O.D. 1994).

Much of the original old-growth forest area of the Pacific

Northwest has been harvested, with a two-thirds decrease in old-growth

over the last five decades (Bolsinger & Waddell 1993). Efforts to

protect remaining old-growth stands are important because much of the
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biotic diversity in Pacific Northwest forests is found there (Norse

1990), but re-creation of such systems may also be invaluable (R.O.D.

1994). The development of structural features characteristic of old-

growth forests, including large, old trees over intermediate canopy

layers with increased standing and down woody debris, may be accelerated

by management techniques. Consequently, forest managers are beginning

to apply "ecosystem management" techniques in Pacific Northwest forests

within the range of the Northern Spotted Owl (Strix occidentalis),

seeking to re-create structurally diverse stands by carrying over some

of the structural legacy of the former stands (e.g. large green trees

["green tree retention"] and coarse woody debris and snags) after

harvesting (FEMAT 1993; R.O.D. 1994). Essentially, ecosystem management

techniques seek to manage for both ecosystem integrity and productivity

in part by mimicking natural disturbances (e.g., fire), which often

leave standing green trees and snags, as well as coarse woody debris

(Swanson & Franklin 1992). However these techniques are being

implemented with little data on long term effects, particularly whether

they will enhance biotic diversity.

Natural forests of the western Cascades of Oregon consist of a

mosaic of stands that were created and influenced by fires (Agee 1991;

Morrison & Swanson 1990). Past fires of varying intensity and frequency

left varying numbers of residual trees creating a variety of stand

structures. This variation presents the opportunity to examine the

effects of residual carryover (green tree retention) on the structure

and composition of resulting stands. Nature has "conducted the

experiment" that can help us address concerns about effects of ecosystem

management on stand structure and composition. The two-storied stands

(residual trees over regeneration) created by fire are analogous to

stands which are being created by ecosystem management techniques.

Thus, a retrospective approach allows insights into the consequences of

these techniques (see also Swanson & Franklin 1992). We used a
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retrospective approach to examine the effect of variations in ecosystem

carryover, specifically green tree retention, on biodiversity and

community structure of the understory vascular plants and forest floor

bryophytes in rotation-aged stands (i.e. 60-100 yrs old). We also

examined the effect of variation in canopy composition and cover on

shrub, herb, and forest floor bryophyte communities. These results are

important to our basic understanding of understory dynamics, which have

been little studied in natural two-storied stands of this region (Hansen

et al. 1991). It is, to date, one of a few studies using a

retrospective approach to examine dynamics of the vascular understory

and bryophyte communities in Tsuga heterophylla forests of the Pacific

Northwest. The study also provides important information for forest

managers, who need to assess probable consequences of the new ecosystem

management techniques for biodiversity and community structure of

understory vascular plants and forest floor bryophytes.
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STUDY AREA

This study was conducted within the Tsuga heterophylla (western

hemlock) zone (Franklin & Dyrness 1973) of the central western Oregon

Cascades. All sites were located in the Willamette National Forest

within an elevational range from 518 m to 853 m (Fig. 1). Only sites

within the Tsuga heterophylla/Berberis nervosa (TSHE/BENE) and Tsuga

heterophylla/Berberis nervosa-Gaultheria shallon (TSHE/BENE-GASH)

associations (Hemstrom et al. 1987) were examined. These plant

associations are the most common in the Willamette National Forest and

are similar to one another in that they are typically found at mid-

elevations on moderately productive, well-drained sites (Hemstrom et al.

1987). We restricted sites to these two associations to minimize

between-site environmental variation, although TSHE/BENE sites tend to

be more mesic than TSHE/BENE-GASH sites (Hemstrom et al. 1987). Often

TSHE/BENE associations transition into TSHE/BENE-GASH communities as

slope steepness increases (Hemstrom et al. 1987).

The overstory in these associations typically is dominated by

large Douglas-fir (Pseudotsuga menziesii (Mirbel) Franco; PSME) and

western hemlock (Tsuga heterophylla (Raf.) Sarg.) over regeneration

dominated primarily by western hemlock and secondarily by western

redcedar (Thuja plicata Donn.); hardwoods such as bigleaf maple (Acer

macrophyllum Pursh), chinquapin (Castanopsis chrysophylla (Dougl.) DC.)

and Pacific dogwood (Cornus nuttallii Aud.) may also be present

(nomenclature follows Hitchcock & Cronquist 1973). The shrub layer is

dominated by vine maple (Acer circinatum Pursh) with dwarf Oregon grape

(Berberis nervosa Pursh) in the TSHE/BENE association and salal

(Gaultheria shallon Pursh) in the TSHE/BENE-GASH association.
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Figure 1: Map of study site locations.

Chimaphila menziesii (R.Br.) Spreng., Rubus ursinus Cham. & Schlecht.,

Gaultheria shallon Pursh, Vaccinium parvifolium Smith, Rhododendron

macrophyllum G.Don, Rosa gymnocarpa Nutt., Polystichum munitum (Kaulf.)

Presl., Linnaea borealis L., Achlys triphylla (Smith) DC, Anemone

deltoidea Hook., Anemone lyallii Britt., Goodyera oblongifolia Raf.,

Trillium ovatum Pursh, and Viola sempervirens Greene are common in the

understory of the TSHE/BENE communities. TSHE/BENE-GASH understories

also contain Berberis nervosa, Rhododendron macrophyllum, Vaccinium

parvifolium, Linnaea borealis, Polystichum munitum, Anemone deltoidea,

Achlys triphylla, Goodyera oblongifolia, and Viola sempervirens

(Hemstrom et al. 1987).
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The study area is characterized by a maritime climate, with wet

and mild winters and relatively dry summers (Franklin & Dyrness 1973).

Precipitation is received in the winter (91-94% of mean annual pre-

cipitation) as both rain and snow and annually averages 150-205 cm.

(Taylor 1993). Average annual temperatures range from 9.3° to 10.1° C,

average January temperatures are between 0.9° to 1.6° C, and average

July temperatures range from 17.9° to 18.9° C (Franklin & Dyrness 1973).

The soils are typically moderately deep and of medium acidity with

a moderate amount of organic matter (Franklin & Dyrness 1973). However,

on steeper slopes, soils are typically less developed and shallow

(Franklin & Dyrness 1973). The Tsuga heterophylla zone of the Cascades

is typically characterized by the Xerumbrepts and Vitrandepts great soil

groups (Franklin & Dyrness 1973).
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METHODS

Plot Selection

Natural two-storied stands of mature residual trees over well-

stocked rotation-aged regeneration (60-100 yrs old) were selected in the

winter and spring of 1993 based on suggestions by Ted Thomas, Matthew

Goslin, and Willamette National Forest Silvicultural staff and by using

aerial photographs followed by field inspection. "Residual trees" are

defined as those that were dominant or co-dominant at the time of the

regeneration-initiating disturbance and survived as "green tree

carryover" into the new stand. Inter-stand heterogeneity can obscure

differences in understory plant communities that might otherwise be

attributable to variations in numbers of residual trees. However, this

heterogeneity can be reduced by focusing on one particular type of

stand-initiating disturbance (Lesica et al. 1991), thus we chose only

stands showing evidence of wildfires (e.g., fire scars on residuals) and

rejected stands originating after other disturbances (e.g., insect

damage, diseases, windthrow, and logging). To maximize our ability to

infer effects of differences attributable to residual trees (as opposed

to differences attributable to abiotic environmental variables), we

paired study plots: one plot with residuals paired with one adjacent

plot (on the same terrain) without residual trees. Thus, each site had

to be large enough (1-2 hectares) to include two adjacent areas

(circular fixed-radius plots of 30.9 m), one with residuals over the

regeneration ("residual megaplot") and one without residuals ("non-

residual megaplot"). Finally, edge effects resulting from proximity to

clearcuts were minimized by locating sites (with one exception) at least

20 m, and generally much farther, from the edge of a clearcut. Final

sample size was 14 pairs of plots (Table 1).



Table 1: Plots and environmental attributes.

Plot
No.

Site Name
(No.)

Association
Type

Slope
(t)

Aspect
(°)

Elevation Topographic
(m) Position

Canopy Cover
(t)

Residual No.
(#/ha)

Total Tree
Density

(trees/ha)

1 BRO9 (09) TSHE/BENE 75 210 671 upper slope 92.5 23.6 913.3

2 BR09 (09) TSHE/BENE 68 217 671 upper slope 93.8 0.0 600.0

3 L007 (06) TSHE/BENE-GASH 10 155 518 upper slope 97.2 15.2 673.3

4 L007 (06) TSHE/BENE-GASH 17 142 518 upper slope 95.1 0.0 800.0

5 L001 (11) TSHE/BENE-GASH 62 128 731 upper slope 95.8 36.7 976.7

6 L001 (11) TSHE/BENE-GASH 55 120 731 upper slope 94.1 0.0 1240.0

7 DE06 (07) TSHE/BENE 30 143 640 middle slope 95.9 16.7 696.7

8 DE06 (07) TSHE/BENE 40 153 640 middle slope 94.7 0.0 860.0

9 SH13 (08) TSHE/BENE 30 194 640 middle slope 96.2 19.3 1213.3

10 SH13 (08) TSHE/BENE 30 199 640 middle slope 95.9 0.0 860.0

11 SH09 (02) TSHE /BENE 53 181 671 upper slope 95.5 6.7 866.7

12 SH09 (02) TSHE/BENE 70 172 671 upper slope 96.6 0.0 1000.0

13 MC03 (01) TSHE/BENE-GASH 32 220 701 upper slope 96.0 3.3 483.3

14 MC03 (01) TSHE/BENE-GASH 32 230 701 upper slope 92.9 0.0 440.0

15 MC04 (03) TSHE/BENE-GASH 33 180 671 middle slope 95.6 10.0 630.0

16 MC04 (03) TSHE/BENE-GASH 25 193 671 middle slope 95.9 0.0 740.0

CO



Table 1, continued

17 L005 (13) TSHE/BENE 28 102 701 upper slope 97.8 53.3 513.3

18 L005 (13) TSHE/BENE 17 110 701 upper slope 96.6 0.0 860.0

19 L006 (04) TsHE/RENE 50 288 701 upper slope 97.2 10.0 490.0

20 L006 (04) TSHE/BENE 35 282 701 upper slope 95.4 0.0 920.0

21 BRO7 (12) TSHE/BENE 85 14 823 lower slope 94.9 51.0 893.3

22 BRO7 (12) TSHE/BENE 60 29 823 lower slope . 96.8 0.0 1380.0

23 BROS (14) TSHE/BENE 75 350 823 lower slope 97.2 62.7 1536.7

24 BRO8 (14) TSHE/BENE 80 343 823 lower slope 96.5 0.0 1920.0

25 BR17 (10) TSHE/BENE 73 225 853 upper slope 93.5 29.0 923.3

26 BR17 (10) TSHE/BENE 77 230 853 upper slope 93.7 0.0 1040.0

27 L008 (05) TSHE/BENE-GASH 60 124 792 upper slope 97.0 10.0 870.0

28 L008 (05) TSHE/BENE-GASH 57 112 792 upper slope 96.9 0.0 680.0
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Plot Design

On each site, a pair of nested, concentric, fixed-radius plots

were used to measure residual trees, tree regeneration, vascular plants

and forest floor bryophytes. Plot pairs were placed so that one was in

the area with residuals ("residual" plots) and the other was in the area

without residuals. Furthermore, residual and non-residual plots were

separated sufficiently that trees in the non-residual area were not

significantly affected by trees in the residual area (the sampled area

in the non-residual plot was separated by at least 30 m from the

residual plot, a distance over which it has been suggested by Hoyer

[1993] that the effects of a residual tree on new trees may be minimal).

Residual trees and the physical environment (elevation [m], slope

[t], aspect [0]) were measured in the largest circular plots

("megaplots", 30.9 m radius, area = 3000 m2), while residual trees, tree

regeneration, herbs, shrubs and forest floor bryophytes were measured in

the nested smaller "detection plots" (radius = 12.62 m, area = 500 m2).

Detection plots were centered within megaplots (one per megaplot) to

minimize the possibility of residual and non-residual areas influencing

each other directly. This nested design allowed us to characterize as

completely as possible the abundance of residual trees that may have

affected development of the new stand. Sparse residual trees probably

influence regeneration development, yet may not be included in a smaller

plot (such as the detection plot). However, measurement of residual

trees in the megaplot allows a larger area over which to sample their

abundance and size.

Within detection plots, 10 subplots (radius = 2 m), each with

three microplots (0.2 x 0.5 m2) for a total of 30 microplots per

detection plot, were randomly placed (see Fig. 2)
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Slope, aspect, physiographic class, coarse woody debris and

residuals were measured or recorded in the megaplots, as follows.

Physiographic classes were based on slope, aspect and topographic

position (Table 2; 1 = driest, 3 = wettest; modified from Kessell 1979;

Rose 1994). For residuals we recorded species and measured diameter at

breast height (dbh), height, and two perpendicular crown radii (for

computing crown area; Mouer 1992). These measurements were used to

calculate residual number (no./ha), total basal area (BA; m2/ha) , live

BA (m2/ha), live volume (m3/ha), and live crown area (m2/ha). The post-

disturbance stand will have been affected not only by currently living

residual trees, but also by residuals present over its history. Thus

dead (standing and down) residual trees were assigned to a decay class

and were measured differently depending on which decay class they

belonged to (Neitro et al. 1985, Bartels et al. 1985). Trees of decay

class 1, 2 and 3 (with class 1 being least decayed) were measured in the

same way as live residuals when possible (for methods see Zenner 1994).

Table 2: Description of physiographic classes. 1 = driest, 3 = wettest.

Class
1

Upper and middle west-, southwest-, and south-
facing slopes

Class
2

Upper and middle southeast- and northwest-
facing slopes

Class
3

Upper and middle north-, northeast-, and east-
facing slopes

blackp
Sticky Note
p.11 missing from original. Author unavailable to supply.
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Detection plots

Characteristics of the post-disturbance stand considered likely to

influence the shrub, herb and forest floor bryophyte communities were

measured in "detection plots", nested within megaplots. Species and dbh

of each tree (dbh s 20 cm) was measured and used to calculate BA,

species composition (percent of BA) and volume of conifers and hardwoods

in the post-disturbance stand (see Zenner 1994). Residual trees in

detection plots were measured as part of measurements described above

for megaplots. Logs and snags (with diameter > 10 cm) were also

measured, and attributes for logs (no., mass, volume, cover) and snags

(no., mass, volume, dbh) were determined (S. Acker, personal

communication).

Presence of shrubs and herbaceous species within each detection

plot was based on measurements in all subplots and microplots (see below

for definitions) and a thirty-min. ocular inspection of the detection

plot.

Subplots

Shrub cover was estimated by measuring per cent cover in ten

randomly placed (within the detection plot) 2 m-radius circular plots

("subplots") with a modified Daubenmire cover class scale which

approximates an arcsine squareroot transformation (1 = <1%, 2 = 1-5%, 3

= 5-25%, 4 = 25-50%, 5 = 50-75%, 6 = 75-95%, 7 = 95-99%, 8 = >99%) (Muir

& McCune 1988). Shrubs were structurally defined as all vascular

species > 0.5 m and < 3 m in height and those with woody stems,

regardless of height. Herbaceous plants taller than 0.5 m (e.g. P.

munitum and P. aquilinum) were included because they were typically

found in the shrub stratum, and therefore probably had similar

influences to shrubs (i.e. light interception) on the herbaceous strata.
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Canopy cover (expressed as per cent completeness of tree canopy)

was measured with a convex spherical densiometer within each subplot.

We measured canopy cover in the four ordinal directions from the center

of each subplot (the "wedge method"; Strickler 1959). The densiometer

was fastened and leveled on a pole positioned on plotcenter to minimize

user error.

Microplots

Forest floor bryophytes and herbaceous cover (percent) were

estimated in 30 microplots (3 randomly placed 0.25 x 0.5 m2 microplots

within each subplot) using the cover class scale used for shrubs in the

subplots. All vascular plants were defined by vertical position in the

understory, with vascular plants less than or equal to 0.5 m tall

considered as "herbs". Only forest floor bryophytes were measured. If

they were on wood that was obviously not homogenized with the forest

floor (e.g. log) their cover class was recorded for the general category

"wood with bryophyte", rather than by species.

The distribution of herbaceous plants can often be related to soil

characteristics and litter thickness (e.g., Menges 1986). Additionally,

microtopographic features may be related to the diversity and

distribution of herbs (Beatty 1984; Moore & Vankat 1986). Therefore,

forest floor characteristics were described for one microplot (randomly

chosen) within each subplot. Soil and litter Ph were measured in a 1:1

ratio (by volume) of soil:water, and litter depth was also measured.

Values for forest floor characteristics were not aggregated across

microplots for each detection plot, but were analyzed directly for each

microplot.



15

Data Analysis

Data on shrubs, herbs and forest floor bryophytes were analyzed

separately to elucidate any differential responses of each layer to the

environment. Because some species were in both herb and shrub strata, a

species may be represented more than once for the same plot. All cover

values (e.g. shrub, herb, and bryophyte cover classes and canopy cover)

were aggregated to the detection plot level by summing across subplots

and microplots. Henceforth, "plot" refers to detection plots for tree

regeneration, coarse woody debris, herbs, shrubs, and forest floor

bryophytes and to megaplots for residual trees (live and dead). Cover

class values were used in analyses, rather than back-transforming to

mid-points of cover class percentages, because cover class scores

improve statistical properties of the data by approximating an arcsine

squareroot transformation. SPSS/PC+ Version 4.0 (Norusis/SPSS Inc.

1988) was used for univariate analysis and PC-ORD (McCune 1993) for

multivariate analysis. Most correlations were described using Pearson's

correlation coefficient (r), while Spearman's rank correlation was used

for data that were not reasonably normally distributed.

To understand the placement of plots in species space, we analyzed

the data (28 plots x 24 species for shrubs, 28 plots x 52 species for

herbs, and 26 plots x 24 species for bryophytes); using nonmetric

multidimensional ordination (NMMS; Kruskal 1964; Mather 1976) with a

Sorenson distance measure for each layer (shrub, herb, and byrophyte).

We ordinated the plots in species space because species space integrates

environmental variables and is often more instructive than environmental

space (Beals 1984). Outliers were plots whose average distances were

greater than 2.5 standard deviations from the mean distance; such plots

were omitted from analyses (outliers for each layer were determined

separately). Both residual and non-residual plots from one stand were

identified as outliers in bryophyte composition and thus were deleted

from the bryophyte cover ordinations.
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Species cover class data were not further transformed prior to

analysis because we wanted to preserve the community structure and

species composition for each plot. We examined correlations of

environmental variables (e.g. number and BA of residual trees, canopy

cover, percent of Douglas-fir; see Plot Measurements) with ordination

axes (Pearson's "r"; overlays of environmental variables on ordination

diagrams). For shrubs and bryophytes, we rotated the axes (15° and 45°,

respectively) to maximize the variance of the important environmental

variables (variables with the highest r2) along them. Additionally,

apparently strong relationships between individual species and

environmental variables (as suggested by overlays of environmental

variables on ordination diagrams and correlation coefficients z 0.3)

were directly analyzed using Pearson correlations.

We also ordinated (NMMS) plots using only late-successional plants

as defined in the Forest Ecosystem Management Assessment (FEMAT 1993),

to determine whether compositional patterns and responses to environment

differed for this group of species compared to patterns across all

species. One stand (both residual and non-residual plots), which was

within 10 m of a large clear cut was excluded, because it contained no

late-successional species, yielding a 26 plot x 24 species matrix.

Particular species characteristics influence their survival

through stand-initiating disturbances or their ability to establish

under residual trees. For example, clonal species with below ground

parts often re-emerge after disturbances (e.g. Haeussler & Coates 1986;

Halpern 1988, 1989). Some species can transport carbohydrates and other

nutrients to parts of the clone that are in short supply of these

required materials. This ability may constitute an advantage in

exploiting space under undesirable conditions (e.g., heavy shade) if the

rest of the clone is situated in a more favorable environment (Methy et

al. 1990). Therefore, we examined correlations of summed cover classes
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for clonal and non-clonal species with biotic and abiotic environmental

variables (Spearman's rank correlation).

We also analyzed the vegetation across life forms (shrub, herb and

bryophyte), to further elucidate relationships, if any, between layers.

A matrix of 26 plots by the sum of cover class values for each layer

(shrub, herb, and bryophyte) was analyzed with NMMS. Three plots, two

from one stand and the other from the residual plot of another stand,

were identified as outliers and deleted from the analysis. Overlays and

correlations of environmental variables with ordination axes were used

to indicate relationships between the patterning of stands along

compositional gradients and environmental features. We also examined

correlations (Pearson's r) between summed covers of the various life

forms to determine whether the overall cover by each understory layer

was related to that of other layers.

Agglomerative hierarchical cluster analysis was used to generate

groups of similar plots based on summed cover classes within life form

layers. We used Ward's linkage method with a relative Euclidean

distance matrix because it is not prone to chaining and is space-

conserving (Beals 1984). Five clusters were defined. We then used

multiresponse permutation procedure (MRPP) to test the null hypotheses

that environmental characteristics did not differ among groups defined

on summed cover within life forms. MRPP is analogous to multivariate

analysis of variance, but does not require that the variables are

normally distributed with homogenous variances (McCune 1993).

We also ordinated plots using presence and absence of vascular

plant species to compare residual with non-residual plots (NMMS; 28

plots x 92 species). On this scale, stand level characteristics that

reflect structural carryover (e.g. woody debris and green tree

retention) into the new stand are more pronounced. After examining

correlations of environmental variables with ordination axes, we rotated

the axes 255° to maximize the variance of important environmental
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variables along them. We then examined correlations of species richness

with the environmental variables most strongly related to these axes.

As for the herb layer, we also performed a NMMS analysis which was

restricted to presence and absence of late-successional species (28

plots x 28 species).

To elucidate the complex relationships among environmental

variables, we examined correlations among environmental variables using

Pearson's correlation coefficient (r).



19

RESULTS and DISCUSSION

General Description of Community Composition

Diversity

A moderate number of species were measured in this study (see

Table 3, gamma diversity). Generally, the average plot contained more

herb species than shrubs, with fewest bryophytes being found (a

diversity; Table 3). However, bryophyte beta-diversity was highest,

followed by herbs and then shrubs (Table 3).

Table 3: Species diversity measures for each vegetation layer. Alpha-
diversity = number of species in a given community, beta-diversity =
degree of change in species composition of communities along a gradient,
and gamma-diversity = total number of species in all plots.

VEGETATION
GROUP

DIVERSITY MEASURE

a 13 6

Shrubs 8.4 2.86 24

Herbs 10.1 5.15 52

Bryophytes 3.9 6.15 24

Combined undergrowth

There were two primary gradients in vascular undergrowth species

composition (cumulative r-squared = 0.71; Table 4), with most of the

variance related to the second axis (r2 = 0.48). The first axis was

dominated by Ga/ium triflorum Michx., Montia sibirica (L.) Howell,

Polystichum munitum, Trillium ovatum Pursh, and Viola sempervirens

towards one end, where plots were at lower elevations, and log volume

was higher. Towards the other end plots were dominated by Chimaphila

menzeisii, Chimaphila umbellata (L.) Bart., Coptis laciniata Gray,

Linnaea borealis, P. munitum, Rhododendron macrophyllum, Whipplea

modesta Torr. and Xerophyllum tenax (Pursh.) Nutt.
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Elevation could be important because of changes in temperature and

moisture regimes associated with increasing elevation, changes in

overstory composition with increasing elevation (e.g. increasing western

hemlock), or its influence on disturbance regimes (e.g., decreasing fire

frequency with increasing elevation) or all of these. For example,

Chimaphila is a fire-sensitive species which was more common at higher

elevations. As another example, all of the species that were positively

correlated with this first axis (except P. munitum and R. macrophyllum)

are characteristic of moderately moist to dry sites, whereas the four

species most negatively correlated with it are characteristic of moist

sites (G. triflorum, M. sibirica, T. ovatum, and V. sempervirens; Topik

& Hemstrom 1982). Finally, some species, such as X. tenax, may have

been favored by the cooler temperatures characteristic of higher

elevations, while warmer site species, such as G. triflorum (Zobel et

al. 1976) were favored at lower elevations.
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Table 4: Pearson correlations (r) of species with ordination axes for
plots in species space (presence/absence data). Only species with r
0.30 for axis 1 or 2 are presented.*

SPECIES Axis 1 Axis 2

Acer circinatum -0.17 -0.32

Acer macrophyllum 0.09 -0.30

Achlys triflorum 0.28 -0.32

Adenocaulon bicolor 0.36 -0.31

Allotropa virgata 0.37 0.49

Amelanchier alnifolia 0.03 -0.47

Anemone deltoidea 0.43 -0.49

Arnica sp. 0.15 -0.45

Arbutus menziesii 0.31 -0.37

Castanopsis chrysophylla 0.13 -0.38

Chimaphila menziesii 0.71 -0.09

Chimaphila umbellata 0.62 0.31

Collomia heterophylla 0.14 -0.68

Coptis laciniata 0.62 0.42

Corallorhiza mertensiana -0.33 0.12

Corallorhiza maculata -0.30 0.10

Cornus canadensis 0.36 -0.53

Cornus nuttallii 0.39 -0.19

Disporum hookeri -0.18 -0.45

Galium oreganum 0.19 -0.41

Galium triflorum -0.53 -0.59

Gaultheria shallon -0.23 0.37

unknown grass -0.09 -0.68

Hieracium albiflorum 0.35 -0.18

Holodiscus discolor 0.19 -0.41

unknown legume -0.04 -0.38

Linnaea borealis 0.86 0.13

unknown LILIACEAE -0.06 -0.42

Lonicera ciliosa 0.19 -0.41

Montia sibirica -0.43 -0.29

Monotropa uniflora -0.38 -0.07

Pleuricospora fimbriolata 0.08 0.35



Table 4, continued

Polystichum munitum -0.47 0.11

Pyrola picta 0.41 0.28

Rhus diversiloba 0.05 -0.31

Rhododendron macrophyllum 0.48 0.66

Rosa gymnocarpa 0.10 -0.65

Stachys cooleri 0.03 -0.47

Symphoricarpos mollis 0.41 -0.66

Synthyris reniformis 0.23 -0.37

Thuja plicata 0.41 0.48

Trillium ovatum -0.55 -0.12

Vancouveria hexandra 0.15 -0.32

Vaccinium parvifolium 0.01 0.31

Viola glabella 0.30 -0.10

Viola orbiculata 0.05 -0.31

Viola sempervirens -0.43 -0.30

Whipplea modesta 0.46 -0.71

Xerophyllum tenax 0.48 0.66
* where r a ±0.37, p s 0.05; r a ±0.47, p 5 0.01

Shrubs
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Ordination of plots in shrub species space using the quantitative

data revealed two strong gradients (r2 = 0.36 for axis 1; cumulative r2

= 0.68; Table 5). The first axis was a gradient of increasing abundance

of Acer macrophydlum, Gaultheria shallon, Pteridium aquilinum (L.)

Kuhn., Rosa gymnocarpa, Rubus ursinus, and Symphoricarpus mollis Nutt.

(Table 5). As cover of these species increased along the first axis,

slope steepness decreased (Table 6). Axis 1 was also a gradient of

stand structural variables and will be discussed in the section on

"residual trees and stand structure vs. community composition."
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Table 5: Pearson correlations (r) of shrub species' cover class values
with ordination axes. Only species with r a 0.30 for axis 1 or 2 are
presented.*

SPECIES Axis 1 Axis 2

Acer circinatum

Acer macrophyllum

Castanopsis chrysophylla

Cornus nuttallii

Gaultheria shallon

Polystichum munitum

Pteridium aquilinum

Rhamnus purshiana

Rhododendron macrophyllum

Rosa gymnocarpa

Rubus ursinus

Symphoricarpos mollis

Tsuga heterophylla

Vaccinium parvifolium

0.34

0.57

0.43

0.35

0.78

0.07

0.66

0.31

0.02

0.55

0.80

0.56

0.43

0.20

0.70

0.35

0.36

0.18

0.54

0.51

-0.22

0.05

-0.47

0.19

0.28

-0.23

0.09

0.31
* where r a ±0.37, p 5 0.05; r a ±0.47, p 5 0.01

Table 6: Pearson correlations (r) of ordinations (by bryophyte, herb,
and shrub layer) to site variables.

ENVIRONMENTAL
VARIABLES

LAYER

Bryophyte Herb Shrub

Axis 1

slope (%)

aspect (0)

elevation (m)

0.04

0.49**

0.22

Axis 2 Axis 1 Axis 2 Axis 1 Axis 2

0.32 -0.39* 0.15 -0.40* 0.07

0.15 -0.27 -0.03 0.14 0.11

0.50** -0.25 0.07 -0.31 -0.04
* p s 0.05; ** p s 0.01

Herbs

Variation in positions of plots in herb species space, based on

the quantitative data, was predominately accounted for by the second

axis (r2 = 0.52 for axis 2; cumulative r2 = 0.81). Plots with higher
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abundances of Polystichum munitum were towards one end and those with

more Berberis nervosa, Gaultheria shallon*, Rubus ursinus, Rosa

gymnocarpa, Symphoricarpos mollis, Whipplea modesta*, Achlys triphylla,

Linnaea borealis*, Viola sempervirens, and Pyrola asarifolia Michx. were

towards the other end of the second axis (Table 7; * denotes species

typical of drier sites according to Zobel et al. 1976; Gagnon &

Bradfield 1986). The fact that many of these species were more abundant

on dry sites, implies that this axis may be related to a moisture

gradient, at least in part.

The position of plots along the first axis (r2 = 0.29 for axis 1)

was somewhat related to slope steepness with Amelanchier alnifolia

Nutt., Synthyris reniformis (Dougl.) Benth., Collomia heterophylla

Hook., Galium triflorum, and Calypso bulbosa (L.) Oakes. typically more

abundant than G. shallon, R. ursinus, and Pteridium aquilinum on steeper

slopes (Tables 6 & 7).

We had expected that herbs, which are very heterogeneously

distributed, would respond to microscale variables such as

mircotopography (Beatty 1984), and such responses would not be reflected

in the larger scale, plot-level analysis. Indeed, microscale variables

(e.g. soil/litter pH, litter depth, microtopography) were apparently not

correlated with herb community composition (maximum correlation with

ordinations axes = 0.27).
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Table 7: Pearson correlations (r) of herb species' cover class values
with ordination axes. Only species with r Z 0.30* for axis 1 or 2 are
presented.

SPECIES Axis 1 Axis 2

Acer circinatum 0.05 -0.30

Achlys triphylla 0.26 -0.45

Amelanchier alnifolia -0.57 0.15

Anemone deltoidea 0.20 -0.31

Berberis nervosa 0.21 -0.80

Calypso bulbosa -0.38 0.00

Chimaphila menziesii -0.03 -0.35

Coptis laciniata -0.01 0.34

Collomia heterophylla -0.47 0.07

Galium triflorum -0.42 0.05

Gaultheria shallon 0.70 -0.59

unknown grass -0.34 -0.05

Linnaea borealis 0.22 -0.45

Polystichum munitum -0.06 0.62

Pteridium aquilinum 0.49 -0.35

Pyrola asarifolia 0.33 -0.37

Rosa gymnocarpa 0.32 -0.53

Rubus ursinus 0.52 -0.55

Symphoricarpos mollis 0.34 -0.47

Synthyris reniformis -0.57 0.15

Viola sempervirens 0.16 -0.38

Whipplea modesta 0.13 -0.46
* where r Z +0.37, p s 0.05; r z ±0.47, p s 0.01

Bryophytes

The first axis of the ordination of plots in bryophyte species

space, based on quantitative data, was apparently related to aspect (r2

= 0.32 for axis 1; Tables 6 & 8). For example, plots with more westerly

aspects tended to have higher abundances of Hypnum circinale Hook. and

Trachybryum megaptilum (Sull.) Schof., whereas those that were more
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east-facing, and therefore potentially moister and cooler, had

relatively greater abundances of five other species (Dicranum fuscescens

Turn., Eurhynchium oreganum (Sull.) Jaeg., Isothecium myosuroides Brid.,

liverworts and Plagiothecium laetum Schimp in B.S.G.) (Tables 6 & 8).

However, moss community composition was apparently not related to

physiographic classes (MRPP of groups based on physiographic class; p =

0.54). The second axis was related most strongly to decreasing residual

volume and also to decreasing elevation (r2 = 0.64 for axis 2; Table

10) .

We anticipated that bryophyte cover would be related to microsite

attributes (such as soil or litter pH; Gagnon & Bradfield 1986).

However, microscale variables (e.g. soil/litter pH, litter depth,

microtopography, and soil texture) were not significantly correlated

with species abundances or composition even in microplot-level

ordinations which included only those microplots for which microscale

variables were measured (maximum correlation with ordination axes =

0.18). However, this may be due to the fact that the bryophyte layer

was very heterogeneous and that this variability overshadowed any

discernible patterns. In addition, unmeasured abiotic environmental

variables may have been more important in structuring the bryophyte

community than were those measured here. For example, bryophyte

diversity in the Kenrose Preserve, New York was related to soil calcium,

but not to other microclimatic variables such as light intensity and

relative humidity (Slack 1977). Future studies may require a larger

sample size for revealing relationships of the byrophyte layer to

microsite variables (e.g. pH, substrate, climate; Gagnon & Bradfield

1986).
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Table 8: Pearson correlations (r) of bryophyte species cover class
values with ordination axes. Only species with r 0.30* for axis 1 or
2 are presented.

SPECIES Axis 1 Axis 2

Brachythecium sp. -0.15 -0.39

Dicranum fuscescens 0.65 0.19

Eurhynchium oreganum 0.52 0.97

Hypnum circinale -0.30 -0.05

Isothecium myosuroides 0.63 0.14

Leucolepis acanthoneuron 0.06 0.33

Liverworts 0.53 -0.13

Mnium spinulosum 0.06 0.33

Plagiomnium insigne 0.06 0.33

Plagiothecium undulatum 0.60 -0.07

Rhytidiopsis robusta 0.00 0.32

Rhytidiadelphus triquetrus 0.04 0.32

Trachybryum megaptilum -0.31 0.30
* where r a ±0.38, p s 0.05; r z ±0.49, p s 0.01
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Residual Trees and Stand Structure vs. Community Composition

Our analyses did not take direct advantage of the paired plot

design of the study, because differences in species composition between

residual and non-residual plots were not obvious, and the paired plots

did not separate into groups (residual versus non-residual plots) nor

show trends on ordinations. We had expected that undergrowth

composition would differ between residual and non-residual plots, and

that these differences between pairs would be reflected on ordinations

(e.g. for each plot pair, the residual plot may have been pulled by

compositional differences systematically to one side or the other of its

corresponding non-residual plot on ordination axis 1). However, we did

not see such patterns and therefore focused our analyses on examining

individual plots, rather than on differences between plot pairs.

Correlations between stand structural variables

Residual trees may have influenced the tree layer in the

regeneration stand (e.g. canopy cover and composition), which in turn

affected herb, shrub and bryophyte layers. Analyses based on Pearson

correlation coefficients suggested that stands with more residual trees

generally had higher percentages of western hemlock (r = 0.61; p 5

0.01), lower percentages of Douglas-fir (r = -0.62; p 5 0.01), and lower

overall conifer volume (r = -0.67; p 5 0.01).

Structural carryover into the post-disturbance stand was also

apparently related to green-tree retention. Specifically, snag mass was

correlated with the total BA of residual trees in the stand (r = 0.40; p

5 0.05). Further, all residual tree attributes (total BA, live BA,

total volume, crown area) were highly inter-correlated (p 5 0.01).

Thus, while the number of residual trees itself was not always

correlated with ordination axes (see below), residual trees often
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influenced the variables that were correlated with axes of community

composition.

The characteristics and composition of the regeneration cohort

were also inter-related. Canopy cover (including residuals and

regeneration trees) was more complete in stands with more western

hemlock and less complete in stands with more Douglas-fir (r = 0.39 and

-0.39, respectively; p s 0.05). Regeneration conifer volume was higher

in stands with more Douglas-fir and lower in stands with more western

hemlock (r= 0.52 and -0.50, respectively; p s 0.05), consistent with

Rose (1994). Because Douglas-fir often grows faster than western

hemlock, one would expect Douglas-fir to have a competitive advantage in

stands where it was able to establish initially (Wierman & Oliver

1979). However, at higher elevations, this advantage would diminish

(western hemlock is more tolerant of cooler temperatures than Douglas-

fir [Franklin & Dyrness 19731) and higher relative abundances of western

hemlock might be expected. Indeed, as elevation increased, conifer

volume generally decreased (r = -0.39; p s 0.05), probably reflective of

a decrease in the relative abundance of Douglas-fir. Conifer volume was

also lower on steeper slopes (r = -0.50; p s 0.05). In contrast to

results for regeneration volume, regeneration density was positively

correlated with the percentage of western hemlock in the regeneration (r

= 0.32), implying an abundance of relatively small stems in stands with

regeneration dominated by western hemlock, a result consistent with

others (Edmonds et al. 1993).

Stands with a more complete canopy and higher abundance of western

hemlock were moister (as determined by physiographic classes), whereas

drier sites were correlated with abundance of Douglas-fir (r = 0.52,

0.73, and -0.74, respectively; p s 0.05). The number of regenerating

trees was positively correlated with slope steepness (r = 0.49; p 5

0.05) and negatively correlated with log cover (r = -0.39; p 5 0.05).
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Combined undergrowth in relation to structure

For the ordination of herb and shrub presence and absence data,

the first axis was correlated with log cover and volume, with plots with

higher log cover being linked to increased occurrences of Trillium

ovatum, Galium triflorum, Polystichum munitum, Montia sibirica, and

Monotropa unfilora L. (r2 = 0.23 for axis 1; Tables 4 & 9).

The second axis was related to increasing percentages of western

hemlock, numbers of non-residual trees and overall canopy cover and to

decreasing percentages of Douglas-fir in the regeneration (r2 = 0.48 for

axis 2). Generally, shade tolerant species (Thuja plicata, Allotropa

virgata T.& G., Rhododendron macrophyllum; Franklin & Dyrness 1973) were

more typical in plots as the percentage of western hemlock, canopy cover

and regeneration trees increased. Old-growth associated species such as

A. virgata (FEMAT 1993) may be found under relatively dense canopies, as

they are less competitive in more open forests, but can persist in long-

lived, densely-shaded forests (Gustafsson 1994). A greater variety of

species (Amelanchier alnifolia, Anemone deltoidea, Collomia

heterophylla, Corylus cornuta Marsh., Galium triflorum, unknown grass,

Rosa gymnocarpa, Stachys cooleyae Heller, Symphoricarpos mollis,

Whipplea modesta) were associated with more open, physiographically

drier plots with increased percentages of Douglas-fir regeneration

(Tables 4 & 9), consistent with results from ordinations for individual

layers. Of these species, C. heterophylla, C. cornuta, and W. modesta

are indicators of relatively warm, dry stands (Zobel et al. 1976). In

one study, A. deltoidea was associated only with Douglas-fir forests, as

opposed to those with western hemlocks (Stewart 1986), consistent with

the pattern observed here.
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Table 9: Pearson correlations (r) of ordination scores (presence/absence
data for herbs and shrubs) to structural variables.

STRUCTURAL
VARIABLES

Axis 1 Axis 2

canopy cover (%) -0.30 0.57**

percentage PSME 0.03 -0.61**
(BA/ha)

percentage TSHE -0.04 0.60**
(BA/ha)

log volume (m3/ha) -0.43* -0.07

log mass
(megagrams/ha)

log cover (m2/ha)

-0.38*

-0.43*

-0.11

0.05

regeneration no. 0.27 0.46*
*p 5 0.05; ** p 5 0.01

Shrubs

Overall summed cover for shrubs did not appear to differ

consistently between residual and non-residual plots (Fig. 3a).

However, multivariate analyses revealed effects of residual trees on

shrub cover (both at the species-level, discussed here, and by summed

cover, as discussed below in life form section), most likely because the

multivariate analysis allowed detection of individual species and

community responses. As cover of Acer macrophyllum, Gaultheria shallon,

Pteridium aguilinum, Rosa gymnocarpa, Rubus ursinus, and Symphoricarpos

mollis (Table 5) increased along the first axis, residual trees

(residual number, residual total and live BA) decreased, as did the

percentage of western hemlock in the regeneration. In contrast, the

percentage of Douglas-fir in the regeneration and overall conifer volume

increased along this axis (Table 10).

Direct correlations of individual shrub species' cover class

values with regeneration conifer volume showed that, as conifer volume

increased, the cover of R. ursinus and G. shallon increased (r = 0.46

and 0.45, respectively; p 5 0.05). Additionally, plots with higher
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conifer volume had higher percentages of Douglas-fir (described above),

perhaps reflecting Douglas-fir's faster growth rate than western hemlock

(Wierman & Oliver 1979).

Generally, Douglas-fir canopies are thinner than western hemlock

canopies (Stewart 1988), and therefore, there is greater development of

many shrub species under Douglas-fir than under western hemlock. For

example, direct correlations of shrubs with percentages of western

hemlock showed that, as cover of G. shallon and Acer circinatum

increased, western hemlock regeneration decreased (r = -0.46 and -0.46,

respectively; p s 0.05). Gaultheria shallon, although not highly shade-

tolerant, can do well under a uniform, somewhat open canopy (Messier

1992), as seen in Douglas-fir-dominated stands. Stewart (1986) found

that A. circinatum was present only in Douglas-fir stands, as opposed to

western hemlock. Similarly, Anderson (1967) found that the distribution

of A. circinatum had a strong positive correlation with the distribution

of Douglas-fir within the stand. Furthermore, shrub development (cover

and composition) was lower in plots with more residual trees (see Tables

5 & 10), probably because these plots had relatively greater abundances

of western hemlock in the regeneration, this abundance in turn being

positively correlated with residual trees.

Relatively mesic sites were also areas where more residual trees

and western hemlock were found, apparently to the exclusion, or at least

disadvantage, of many shrub species. However, relatively moister sites

typically had higher abundances of P. munitum, which is often associated

with relatively moist, nutrient rich sites (Gagnon & Bradfield 1986).
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Table 10: Pearson correlations (r) of ordination scores (separated by
bryophyte, herb and shrub layers; based on quantitative data) to
environmental variables representing structural characteristics of the
stand.

LAYER

ENVIRONMENTAL
VARIABLES

Bryophyte Herb Shrub

Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2

canopy
cover(%)

residual no.

residual total
BA (m2/ha)

residual
volume (m3/ha)

residual live
BA (m2/ha)

residual crown
area (m2/ha)

percentage
PSME (BA/ha)

percentage
TSHE (BA/ha)

regeneration
conifer volume
(m'/ha)

hardwood
volume (m3/ha)

log no.

log volume
(m3/ha)

log mass
(megagrams/ha)

log cover
(m2/ha)

snag no.

snag volume
(m' /ha)

snag mass
(megag./ha)

snag dbh (cm)

regeneration
no.

regeneration

-0.21

0.12

0.15

0.04

0.00

-0.08

-0.05

0.09

0.00

-0.19

0.05

0.22

0.29

0.22

0.02

0.40*

0.54**

0.26

-0.27

-0.08

-0.04

-0.33

-0.37

-0.40*

-0.41*

-0.34

0.23

-0.20

0.27

0.36

-0.01

0.08

0.07

-0.00

0.13

-0.22

-0.12

-0.08

0.09

0.29

0.08

-0.23

-0.25

-0.17

-0.15

-0.10

0.12

-0.09

0.30

0.09

0.08

0.10

0.09

0.16

-0.13

-0.33

-0.35

-0.12

-0.29

0.13

0.32

0.34

0.31

0.28

0.30

0.24

-0.71**

0.69**

-0.28

-0.07

0.20

0.12

0.16

0.19

0.06

0.17

0.22

0.13

0.18

-0.27

-0.18

-0.53**

-0.48**

-0.39*

-0.44*

-0.38*

0.46*

-0.43*

0.56**

-0.14

0.05

0.17

0.16

0.24

-0.26

-0.19

-0.23

0.24

-0.38*

0.35

-0.29

-0.18

-0.05

-0.03

-0.03

0.00

0.23

-0.23

0.05

0.02

0.09

0.19

0.12

0.13

0.24

0.11

0.09

0.18

-0.15

0.05
BA (m2/ha)

* p s 0.05; ** p s 0.01
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Herbs

As for the shrub layer, overall herb cover did not differ

consistently between plots with residual trees and those without (Fig.

3b), but a multivariate analysis did reveal patterns. Variation in

positions of plots in herb species space was predominately accounted for

by the second axis (r2 = 0.52), which was most strongly related to

relative abundances of Douglas-fir and western hemlock in the

regeneration (Table 10). Relative abundances of these species was

related, in turn, to that of residual trees, as described previously.

The second axis was also somewhat related to physiographic classes, with

drier sites being towards the low end of axis 2 and dominated by

Douglas-fir and moister sites towards the top, where western hemlock was

more abundant. Furthermore, as for the shrub layer, plots with a more

developed herb layer (in terms of species richness and cover) were

apparently correlated with higher percentages of Douglas-fir (Table 10).

Direct analysis showed that percentages of Douglas-fir in the

regeneration were correlated with cover of Berberis nervosa and

Gaultheria shallon in the herb layer (r = 0.53 and 0.44, respectively; p

5 0.05).

Bryophytes

Effects of residual trees on bryophyte cover were not directly

apparent (Fig. 3c), but, again, ordinations were illuminating. The

first axis of the ordination of plots in bryophyte species space was

related to changing abundances of species that may have been responding

to gradients in snag mass and snag volume (Tables 8 & 10). Dicranum

fuscescens Turn., Eurhynchium oreganum, Isothecium myosuroides,

liverworts and Plagiothecium laetum were in relatively greater abundance

in plots with higher snag masses and volumes (Tables 8 & 10).

Cover by these five species also tended to decrease as hardwood volume
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increased, although the correlation of hardwood volume with the first

axis was not statistically significant (Table 10). This weak negative

relationship with hardwoods may somehow be related, at least in part, to

litter, as those sites with a thicker litter layer also typically were

sites with greater hardwood volumes (Traut unpublished data). Most

bryophytes do not grow well when covered by annual leaf fall (Slack

1977) .

The second axis was related most strongly to decreasing residual

volume (Table 10). Stands with lower residual volumes typically had

greater abundances of several species (including Leucolepis

acanthoneuron (Schwaegr.) Lindb., Mnium spinulosum (Voit) Schwaegr.,

Plagiomnium insigne (Mitt.) T. Kop., Rhytidiopsis robusta (Hook.)

Broth., Rhytidiadelphus triquetrus (Hedw.) Warnst., and Trachybryum

megaptilum (Sull.) Schof. Eurhynchium oreganum, in particular, was most

abundant in stands with fewer residual trees (Tables 8 & 10). The

proximal cause of the general decrease in bryophyte abundance with

increasing residual trees may be that plots with more residuals

generally had less Douglas-fir regeneration, which was apparently

correlated with higher overall canopy cover (Pearson's correlation of

percentage Douglas-fir regeneration to canopy cover, r = -0.39).

Furthermore, hardwood volume tended to be higher in stands with greater

residual trees (r for correlation of hardwood volume to residual crown

area = 0.31), and was negatively correlated with this second axis as

well. Therefore, it appears that many bryophytes may be favored by more

open canopies, as would be found in stands with fewer residual trees.

Snags probably also influenced understory community structure in

the post-disturbance stand, either directly (e.g. microhabitat

differentiation; Harmon et al. 1986) or indirectly through proximate

factors such as moisture and light interception (Maser et al. 1976). In

particular, several bryophyte species were more abundant in stands with

more snags (Tables 8 & 10). In Sweden, rare bryophytes were found more
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frequently in a virgin stand with relatively high structural diversity

(e.g. logs and snags; Gustafsson & Hallingback 1988). Stands with more

snags may have a relatively great abundance of humid microsites, because

these snags may help prevent desiccation of small epixylic bryophytes

via: (1) reduced canopy interception of precipitation (because snags are

often associated with canopy gaps) and (2) the ability of large dead

wood to retain water. Snags also provide habitat for many wildlife

species (FEMAT 1993), some of which may be important vectors for

bryophyte propagules. However, the influence of snags on bryophyte

communities is not clear.

Snags (mass and volume) were positively correlated to the total

basal area of residual trees and may therefore reflect a denser or more

heterogenous canopy in the past. As discussed above, some bryophytes

are more abundant in stands with continuity through disturbances,

characteristic of old-growth stands with large down woody debris and

large residual trees (Gustafsson et al. 1992). Hence, stands with

relatively large snags could reflect a past stand with much microhabitat

differentiation, and thus, today, we see a different bryophyte

assemblage in plots with snags than those without. Alternatively, plots

with more large woody debris may have different communities of forest

floor bryophytes than those with less woody debris because the former

may result in more diverse microhabitat differentiation (Tables 8 & 10).

Correlations among life forms in relation to structure

Total cover in the shrub and herb layers was positively correlated

(r = 0.94), but not correlated with total cover in the bryophyte layer

(r = 0.08 and 0.06, respectively). This may be partially explained by

the fact that the herb layer is structurally defined by vertical

position and therefore contained some shrub species, and that the

factors favoring shrubs may also favor herbs.
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Gradients in total cover for shrubs, herbs, and forest floor

bryophytes (ordinations by summed cover of each layer; cumulative r2 =

0.98; Table 11) were related to complex environmental gradients, in

which plots with more complete canopy cover, higher percentages of

western hemlock and more residual trees had lower shrub and herb covers

(r = 0.63, 0.67, 0.55 respectively for correlations with axis 2). As

for species-level ordinations, plots with higher shrub and herb covers

had higher percentages of Douglas-fir in the regeneration layer (r =

0.71 with ordination axis 2). Bryophyte cover was essentially

correlated to this gradient while shrub and herb layers were strongly

related to ordination axis 2 (r = -0.97 and -0.89, respectively, with

ordination axis 2). As hardwood volume decreased (r = -0.53 with

ordination axis 1), total cover by bryophytes increased (r = 0.88 with

ordination axis 1), consistent to but somewhat stronger than results

from species-level bryophyte ordinations.

Plots with the least cover of shrubs and herbs were moistest (as

determined by overlays of physiographic classes on ordinations which

patterned along axis 2), while drier plots had higher cover. However,

physiographic classes did not distinguish between plots for the

bryophyte layer. The influence of physiographic factors may be

expressed on a larger scale (e.g. one to which shrubs respond), while

bryophytes may have been more affected by local microclimatic

influences, particularly given the rather narrow range of site

physiographies within which we worked (e.g. see Slack 1977).

Furthermore, different vegetation layers may experience different

environments as a result of modification by the other layers (e.g.

McCune & Antos 1981).



39

Table 11: Pearson correlations (r)* for life form layers with ordination
axes (ordination of plots by summed cover of each layer).

LIFE FORM LAYER Axis 1 Axis 2

Shrub 0.07 -0.97

Herb -0.01 -0.89

Bryophyte 0.88 -0.21
* where r a ±0.38, p s 0.05; r a ±0.49, p s 0.01

Cluster analysis based on summed cover within life form layers for

each plot distinguished five groups of plots (Fig. 4). The groups were

significantly separated by the environmental variables (MRPP, p s 0.05)

most strongly correlated with ordination gradients in summed cover by

life forms (e.g. canopy cover, residual number, per cent western

hemlock, per cent Douglas-fir, and hardwood volume which are those

variables with a Pearson correlation with a p s 0.05). This separation

by these variables suggests that a complex combination of post-

disturbance stand attributes influenced the overall community structure

of the undergrowth.

In general, the environmental attributes that influenced

individual layers also influenced the community structure based on

summed covers within each life form. Across all scales (e.g., coarse

scale of summed cover within each life form and finer scale of cover at

species-level), canopy composition (overall canopy cover, percentages of

western hemlock vs. Douglas-fir, and thus numbers of residual trees)

appeared most influential. This influence could be acting in several

ways; via the soil (e.g., water and nutrient competition), the canopy

(e.g. light or moisture interception), or both.
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Western hemlock and Douglas-fir influence the understory

environment (e.g., see Alaback 1982; Stewart 1986). For example, less

direct light comes through relatively thick hemlock canopies, than

through those of Douglas-fir (Stewart 1986) and sunflecks may be more

frequent under Douglas-fir than under western hemlock. Thus, it is

understandable that low canopy cover and higher proportions of Douglas-

fir (and higher conifer volume) were often positively correlated with

higher cover by shrubs, herbs and bryophytes. Some shrub species (e.g.

Gaultheria shallon and Acer circinatum) are sensitive to overstory and

respond with increased growth in thinned stands (Tappeiner & Zasada

1993). Direct light, even in the form of sunflecks, is apparently

important to many forest herbs and shrubs (Pearcy 1983).

As elevation increased, light availability may have decreased;

conifer volume decreased with increased elevation but regeneration

number and relative abundance of western hemlock increased. Greater

relative abundance of western hemlock may explain, in part, the

generally lower covers of shrubs, herbs, bryophytes, and late-

successional species at higher elevations. Positive relationships of

herb or shrub cover with conifer volume may be related to clonal

species' ability to take advantage of transient light that is more

abundant under the less dense Douglas-fir canopy as well as to species'

shade tolerances.

Many of the physiographically-defined "moister" sites may actually

have lower soil water than the physiographically-defined drier sites,

because of more interception of moisture by the canopy. Western hemlock

canopies intercept more precipitation than many other conifers, such as

Douglas-fir (Rothacher 1963; Voigt 1960), and thus less moisture may

reach the forest floor in western hemlock-dominated forests. Understory

development was less under eastern hemlock (Tsuga canadensis (OL.)

Carr.) and this was attributed to a lack of soil moisture (Daubenmire

1930). Thus, moisture interception, in addition to light interception,
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by western hemlock is probably important in influencing the understory.

However, these effects are not uniform across plots, because most stands

had mixtures of western hemlock and Douglas-fir. Thus, while soil

moisture is probably reduced under western hemlock, the

physiographically moister sites that support these trees may often have

areas where interception is lower (as under Douglas-fir) and soil

moisture is higher. Responses of one species in particular seemed to

indicate that interception varied within plots. Specifically, Coptis

laciniata, usually an indicator of moist sites (Hemstrom et al. 1987),

was more abundant in western hemlock-dominated sites, perhaps appearing

in areas where interception was minimal.

The presence of large down logs in sites may also influence soil

moisture and stand humidity (Franklin et al. 1981). Such logs can

retain water throughout the summer and also provide shade and diminished

wind at the forest floor, thereby reducing evaporation. In this study,

two mesic-site plants, Trillium ovatum and Polystichum munitum

(Hitchcock & Cronquist 1973) were more abundant in plots with more logs.

Their occurrence may also reflect decreased competition with other

understory herbs, if they are raised on logs above competitors (also

indicated in this study for V. parvifolium which occurred commonly on

logs; also see Stewart 1986).

Late-successional species (presence/absence data)

Variation in the position of plots in late-successional species

space (presence/absence data) was related to complex gradients of canopy

cover, elevation, log cover and regeneration number, but not

significantly to percentages of Douglas-fir and western hemlock in the

regeneration (Tables 12 & 13; cumulative r2 = 0.79). Relatively open

plots (lower canopy cover) generally contained Achlys triphylla,

Adenocaulon bicolor Hook., Anemone deltoidea, Whipplea modesta,

Chimaphila menziesii, Linnaea borealis, and Vancouveria hexandra (Hook.)
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Morr. & Dec., while plots with higher canopy covers were typified by the

presence of Corallorhiza maculata Raf., Corallorhiza mertensiana Bong.,

Hypopitys monotropa Crantz., and Vaccinium parvifolium (axis 1, Tables

12 & 13). A gradient of increased log cover was also important on the

first axis, log cover increasing with canopy cover (Table 12).

Interestingly, three of the species characterizing plots with high

canopy and log cover, were mycotrophs (C. maculata, C. mertensiana, H.

monotropa; Hitchcock & Cronquist 1973; Furman & Trappe 1971). Logs may

help to maintain mycorrhizal associates of these species through the

stand-initiating disturbance and in the present stand (Spies et al.

1988). The mycorrhizae associated with H. monotropa are compatible with

Tsuga (Furman & Trappe 1971), the most abundant conifer in stands with

higher canopy cover. Vaccinium parvifolium was associated with

relatively high log cover, as described previously. The second axis was

most strongly related to an elevational gradient, with L. borealis, C.

laciniata, X. tenax, P. picta, T. plicata, C. umbellata, C. menziesii,

and A. virgata more typical of plots at higher elevations (Table 12 &

13). A gradient of increasing numbers of regeneration trees was also

influential, perhaps reflecting, at least in part, an elevational

gradient.

Table 12: Pearson correlations (r) of ordinations (presence/absence for
herbs and shrubs) to environmental variables. * p s 0.05; ** p s 0.01.

ENVIRONMENTAL
VARIABLES

LATE-SUCCESSIONAL SPECIES

Axis 1 Axis 2

elevation 0.17 0.46*
canopy cover -0.64** -0.03
percentage 0.29 -0.23
PSME
percentage -0.28 0.21
TSHE
log volume -0.37* -0.30
log mass -0.26 -0.28
log cover -0.42* -0.29
regeneration
no.

0.02 0.38*
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These results are similar to those for presence/absence across all

species, except that relationships to structural environmental gradients

were more pronounced when the analysis was restricted to only late-

successional species. For example, C. maculata and C. mertensiana were

more clearly responsive to a gradient in log cover when analyses

included only late-successional species, and L. borealis was more

strongly correlated with the axis defined by canopy cover than in

analyses including all species.

Table 13: Pearson correlations (r) of
presence/absence with ordination axes.

late-successional species'
Only species with r a 0.30* for

axis 1 or 2 are presented. * where r Z ±0.37, ps0.05; r a +0.47, p s

0.01.

SPECIES Axis 1 Axis 2

Achlys triphylla 0.38 0.09

Adenocaulon bicolor 0.42 0.16

Allotropa virgata -0.07 0.51

Anemone deltoidea 0.77 0.08

Chimaphila menziesii 0.62 0.54

Chimaphila umbellata 0.30 0.55

Coptis laciniata 0.13 0.69

Corallorhiza maculata -0.49 -0.16

Corallorhiza mertensiana -0.42 -0.13

Disporum hookeri 0.16 -0.36

Goodyera oblongifolia 0.32 -0.39

Hypopitys monotropa -0.42 -0.03

Linnaea borealis 0.47 0.71

Monotropa uniflora -0.18 -0.41

Pyrola picta -0.02 0.61

Thuja plicata 0.11 0.60

Trillium ovatum -0.19 -0.63

Vaccinium parvifolium -0.42 0.07

Vancouveria hexandra 0.47 0.00

Whipplea modesta 0.75 0.06

Xerophyllum tenax 0.02 0.64
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Clonal species

In general, clonal shrubs and herbs were positively correlated

with percentages of Douglas-fir in the regeneration and overall conifer

volume, while negatively correlated with overall canopy cover and

percentages of western hemlock (Table 14). Moister sites also

apparently had lower cover by both clonal and non-clonal herbs and

shrubs. These results are consistent with results from herb and shrub

ordinations, in that moister sites had more residual trees, higher

percentages of western hemlock and generally less development of shrubs

and herbs. Relationships of cover by non-clonal herbs and shrubs to

environmental variables were weaker than for clonal species, but,

interestingly, the signs of correlations were the same for clonal and

non-clonal species, suggesting that clonal and non-clonal species

respond similarly to the environmental attributes examined here. We

expected to see more cover by clonal species in areas with more residual

trees, assuming that the presence of more residuals reflects a less

intense disturbance than in stands without residuals. For example,

underground portions of clonal plants often survive low intensity fires

(Haeussler & Coates 1986; Halpern 1988, 1989). However, there was no

evidence of increased clonal cover in areas with residuals. Rather, the

distribution of clonal plants reflected canopy characteristics of the

current stand, and their abundance was generally inversely related to

the abundance of residual trees.
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Table 14: Spearman's rank correlation coefficients for the sum cover of
clonal and non-clonal shrubs and herbs with environmental attributes.

VEGETATION
TYPE

ENVIRONMENTAL ATTRIBUTES

canopy
cover(%)

percent
PSME

percent
TSHE

conifer
volume
(m3)

physiogr.
class

clonal shrubs -0.63** 0.64** -0.66** 0.45* -0.65**

clonal -0.40 0.66** -0.64** 0.50* -0.68**
herbs

non-clonal -0.26 0.27 -0.23 0.25 -0.46*
shrubs

non-clonal -0.29 0.38 -0.37 0.34 -0.44
herbs

* p 5 0.01; ** p 5 0.001

Species richness

Herbaceous species richness often decreases with canopy closure

(e.g., Alaback 1984; Stewart 1988; Duffy & Meier 1992). In our study,

the most diverse plots tended to be drier, with higher percentages of

Douglas-fir in the regeneration and more open canopies, rather than

under the denser western hemlock canopies (Table 15). These results are

consistent with results from other studies of forests in the region,

which have found that species richness tends to increase toward the

drier forest communities (e.g. Zobel et al. 1976).

Species richness, a relatively coarse-scale community measure,

reflected the same important environmental gradients as the finer scale

community ordinations (sum cover of herbs and shrubs and herb and shrub

species-level). Therefore, the undergrowth reflects stand

characteristics, whether the understory is measured in terms of

richness, cover by life form layers, or community composition.

Although richness was not significantly correlated with residual

trees (i.e. residual number, BA, volume, or crown area; maximum p 5

0.05; Figs. 3d & 3e), such retention may be an ultimate causal factor.

The number of residual trees was positively correlated with higher
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proportions of western hemlock and lower proportions of Douglas-fir in

the regeneration canopy. Residual tree presence, number, and possibly

size, influenced the establishment of regeneration trees, which affected

the community structure of the vascular plant understory.

Table 15: Spearman's correlation coefficient for species richness (S)
with environmental attributes*. Physiographic classes are ranked where:
1 = driest, 3 = moistest.

canopy %PSME %TSHE phys.
class

S (all) -0.56** 0.72** -0.74** -0.55**

S (late-successional) -0.38* 0.48* -0.48* -0.27
* only variables significantly correlated (p s 0.05) with richness are
presented

* p s 0.05; **p s 0.01
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SUMMARY AND CONCLUSIONS

The main findings of this study can be summarized in six points.

(1) Shrub community composition was correlated with residual

tree characteristics (e.g. residual number, volume, crown

area and total and live residual BA) and with some

regeneration tree variables (e.g. regeneration conifer

volume, number of regeneration trees and species composition

of regeneration). Communities characteristic of dry, open

sites were negatively associated with residual tree

abundances and percentage of western hemlock and positively

associated with percentage of Douglas-fir, while communities

characteristic of moist, closed sites were more commonly

associated with residual trees and relatively high

abundances of western hemlock.

(2) Herb communities were not clearly related to live residual

tree variables, but were strongly correlated to regeneration

composition (e.g. percentages of western hemlock and

Douglas-fir), which was, in turn, correlated with residual

tree abundance (negatively correlated for Douglas-fir and

positively correlated with western hemlock).

(3) Species richness for herbs and shrubs was higher in

relatively open drier, Douglas-fir-dominated forests, which

tended to have fewer residual trees. Species presence

generally responded to elevation gradients which could

reflect temperature or moisture regimes, overstory

characteristics, or disturbance histories.

(4) Species richness for late-successional species also

increased as percentages of western hemlock in the

regeneration and overall canopy cover decreased.

Additionally, many of these species were more common in
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lower elevation stands with relatively large amounts of

coarse woody debris and less dense tree regeneration.

(5) Community composition for bryophytes was correlated with

snag mass, some residual tree characteristics (volume and

live residual BA) and hardwood volume.

(6) The summed cover of each layer also reflected gradients in

percentages of Douglas-fir and western hemlock in the

regeneration, canopy cover and residual tree number, tending

to increase as Douglas-fir percentages increased and as the

latter three decreased. For bryophytes, the relationship to

hardwood volume was more pronounced at this level than it

was at the species-level, with bryophyte cover decreasing as

hardwood volume increased.

The understory reflected overstory characteristics, with cover and

richness for herbs and shrubs being highest in relatively open stands

which were dominated by Douglas-fir in the regeneration, as opposed to

stands with more residual trees and western hemlock in the regeneration.

The bryophyte layer was less related to the measured environmental

variables. Factors operating on the microhabitat scale (e.g. humidity,

soil/substrate composition) may influence bryophyte communities more

strongly than do the larger-scale stand characteristics. However,

bryophyte cover did diminish with increasing hardwood volume, which

increased as the number of residuals increased.

Large woody debris abundance also seemed to affect understory

communities. As snag mass and volume increased, bryophyte cover tended

to increase. Some vascular species also apparently responded to the

amount of log cover and volume. For example, some of the mycotrophic

species (i.e. Corallorhiza maculata, Corallorhiza mertensiana, Hypopitys

monotropa) were more commonly found in stands with higher log cover and

volume.
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Community composition was also responsive to abiotic site

characteristics, particularly to elevation and moisture regimes (as

related to physiographic classes). For example, plots with the lowest

shrub and herb cover were apparently moistest (possibly mediated by more

hemlock on moister sites), as indicated by their physiographic

positions, while drier plots had higher covers. Although bryophytes

were not clearly related to physiographic classes, they did appear to

respond to moisture as influenced by aspect, with east-facing sites

having the greatest bryophyte abundances.

Influences of forest structural and abiotic site factors cannot be

clearly separated in this study. For example, the tendency for herb and

shrub cover and species richness to be higher in stands with fewer

residuals and greater percentages of Douglas-fir in the regeneration

probably results from the relatively greater availability of light or

other resources under Douglas-fir than under western hemlock. An

elevation gradient was also involved, presumably reflecting both the

decrease in Douglas-fir with elevation and changes in abiotic

environmental attributes (e.g., length of growing season, moisture

regime, and others). Thus, understory communities responded to abiotic

site features themselves (e.g. features correlated with elevation) as

well as to biotic site features, such as abundance of residual trees,

which affected the composition and abundance of regenerating trees.

Biotic site features, in turn, presumably influenced abiotic

characteristics such as availability of light.

These results underscore the importance of defining our management

goals. We suggest that if the goal is to maintain relatively high

species richness and plant cover, then stands with relatively open

canopies, higher percentages of Douglas-fir and abundant coarse woody

debris should be favored. However, if goals include enhancing habitat

for some "late-successional" species (e.g. mycotrophs) or decreasing
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competition from shrubs, then retention of some residual trees may be

desirable.

Answers to questions about the influence of ecosystem management

techniques on understory communities are important, but difficult to

find, because these new management techniques are only now being

implemented. Retrospective studies such as this can, however, assist

understanding and prediction of the consequences of these techniques

(Swanson & Franklin 1992). This study provides some insights for forest

managers and ecologists on effects of green tree carryover on understory

communities. However, it is only a beginning, and studies which address

other important species attributes (e.g. dispersal patterns and

responses to disturbance) as well as long-term monitoring studies to

follow consequences of altered management practices are needed.
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Herb and Shrub Species List

Acer circinatum
Acer macrophyllum
Achlys triphylla
Adenocaulon bicolor
Allotropa virgata
Amelanchier alnifolia
Anemone deltoidea
Arnica sp.
Arbutus menziesii
Berberis nervosa
Calypso bulbosa
Castanopsis chrysophylla
Chimaphila menziesii
Chimaphila umbellata
Collomia heterophylla
Coptis laciniata
Corallorhiza mertensiana
Corallorhiza maculata
Cornus nuttallii
Corylus cornuta
Disporum hookeri
Galium oreganum
Galium triflorum
Gaultheria shallon
unknown grass
Hieracium albiflorum
Holodiscus discolor
Hypopitys monotropa
unknown legume
Linnaea borealis
unknown LILIACEAE
Lonicera ciliosa
Montia sibirica
Monotropa uniflora
Pleuricospora fimbriolata
Polystichum munitum
Pteridium aquilinum
Pyrola picta
Rhamnus purshiana
Rhododendron macrophyllum
Rhus diversiloba
Ribes lacustre
Rosa gymnocarpa
Rubus nivalis
Rubus parviflorus
Rubus ursinus
Stachys cooleri
Symphoricarpos mollis
Synthyris reniformis
Thuja plicata
Trillium ovatum
Tsuga heterophylla
Vancouveria hexandra
Vaccinium parviflorum
Viola glabella
Viola orbiculata
Viola sempervirens
Whipplea modesta
Xerophyllum tenax
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Forest Floor Bryophyte Species List

Brachythecium sp.
Brachythecium hylotapetum
Brachythecium relfexum
Dicranum fuscescens
Eurhynchium oreganum
Hyclononium splendens
Hypnum circinale
Isoptergiopsis pulchella
Isothecium myosuroides
Leucolepis acanthoneuron
Liverworts
Mhium spinulosum
Neckera douglasii
Plagiomnium insigne
Plagiothecium undulatum
Plagiothecium /aetum
Pseudotaxiphyllum elegans
Pterogonium gracile
Racomitrium varium
Rhizomnium glabrescens
Rhytidiopsis robusta
Rhytidiadelphus loris
Rhytidiadelphus triquetrus
Trachybryum megaptilum




