
Fig. 3. Species-area curves showing seed bank species richness in relation to number of samples for the 
four disturbance types, both (a) with and (b) without rare species (species occurring in only one sample 
unit).  Values shown at the end of each curve in (a) denote actual (top) and jackknife estimates (bottom) of 
species richness; arrows on curves in (b) denote plateau points. Curve lengths correspond to the number 
of seed bank samples that contained at least 1 germinating seed.

Fig. 2.  Percentage of all pair-
wise MRPP comparisons of 
seed bank species composition 
that were significant (p < 0.05) 
at among- and within-stand 
spatial scales for the four 
disturbance types (undisturbed 
[UN], lightly burned [LB], 
severely burned [SB], and 
clear-cut logged [CC]).  Actual 
values shown above each bar.

METHODS
Sampling Design
Four disturbance types (undisturbed, lightly burned, severely burned, and logged), each 
represented by four sites, were sampled in Interior Douglas-fir forests near Kamloops, BC.  
At each of the 16 sites, four sampling grids were located 10 m in each cardinal direction 
from a central point within a relatively uniformly disturbed/undisturbed area.  Fifteen seed 
bank samples were collected from each grid, for a total of 60 seed bank samples per site, 
240 samples per disturbance type, and 960 in total.  Seed bank species composition was 
determined using the seedling emergence method.

Species Composition at Two Spatial Scales
Using Multi-Response Permutation Procedures (MRPP), variation in seed bank species 
composition for each disturbance type was analyzed at two spatial scales: (i) among stands 
using grids as sampling units - 6 possible pair-wise comparisons, and (ii) within stands 
using quadrats as sampling units - 24 possible pair-wise comparisons (Fig. 1).

Species-Area Curves
Species-area curves were generated to evaluate how many seed bank samples were 
required to account for the majority of species present in each disturbance type.
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QUESTIONS
1. To what extent does disturbance influence coarse scale (among-stand) and fine 

scale (within-stand) variation patterns in seed bank species composition?
2. What are the sampling design implications for assessing seed bank variation in 

dry coniferous forests?

INTRODUCTION
A central goal of plant ecology is to describe and explain plant species distribution patterns.  
Historically, studies of forest dynamics have assumed that plant seeds were in adequate 
supply and that population growth rates were limited at other life history stages (Clark et al. 
1998).  More recently, seed versus microsite limitation in plant community assembly 
dynamics has been the focus of ecological inquiry, and seed limitation has been found to 
be widespread (Turnbull et al. 2000).  To date, the majority of studies of heterogeneity in 
seed bank spatial structure have occurred at scales of less than 10 m x 10 m within a 
single site; few studies have considered seed bank spatial structure at coarser scales (i.e. 
among stands), or in the context of stand-level disturbance such as fire or logging.  Here, 
we compare the species composition of soil seed banks at both fine and coarse scales in 
mature forest stands, and evaluate the effects of recent disturbance by fire (low and high 
severities) or logging on seed bank spatial structure.
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RESULTS AND DISCUSSION
Heterogeneity in Mature Forest Soil Seed Banks
Soil seed banks in mature Interior Douglas-fir forests had unique species signatures at the 
stand scale – five out of the six pair-wise comparisons of seed bank species composition 
among stands returned significant p-values (Fig. 2).  When sample units are spaced far 
enough apart that seed dispersal among them is unlikely (i.e. stands 10-100 km apart), 
subtle differences in the composition of the vegetation appear to be amplified in the seed 
bank, producing stand-scale differences in overall seed bank species composition.

In contrast, seed bank species composition showed low heterogeneity within mature forest 
stands - only 4 of the 24 pair-wise comparisons were significant (Fig. 2).  Many species 
were found on nearly all grids within a site; thus, when sample units are close enough 
together that seed dispersal among them is a possibility (i.e. grids spaced ~10 m apart), 
seed bank species composition is less variable. 

Disturbance and Seed Bank Heterogeneity
Disturbance had an homogenizing effect on seed bank species composition at the stand 
scale (Fig. 2).  The post-disturbance influx of the seeds of a few prolific species in 
combination with the disturbance-related removal of pre-existing heterogeneity resulted in 
seed banks in disturbed areas that contained fewer species and were less heterogeneous 
at the stand scale than were those in undisturbed areas at this scale.

In contrast, fine-scale (within-stand) heterogeneity in seed bank species composition was 
greater on severely burned and logged sites (Fig. 2), commensurate with greater levels of 
soil disturbance, than on lightly burned and undisturbed sites.

Species-Area Curves
Species-area curves generated using the full species dataset did not reach plateaus, and 
jackknife estimates indicated that up to 30-40% of species remained unaccounted for (Fig. 
3a).  When rare species were removed from the analysis, species-area curves leveled off 
(Fig. 3b), demonstrating the importance of rare species in determining the overall species 
composition of the seed banks of these forests.

Seed Bank Sampling Considerations
The extensive heterogeneity in seed bank species composition observed among 
undisturbed stands illustrates the importance of including multiple stands in seed bank 
surveys of mature coniferous forests.  While ca. 200 25 cm2 samples distributed among the 
four stands would have been sufficient to describe the common species in undisturbed 
coniferous forests, more than the 240 samples collected would have been required to 
account for all species present in the seed bank on undisturbed sites.

Fig. 1. Schematic diagram illustrating comparisons of seed bank species composition 
made at two spatial scales using MRPP: (a) among stands and (b) within stands.

a) Pair-wise comparisons among stands:     b) Pair-wise comparisons within stands:

6 possible comparisons per disturbance class          24 possible comparisons per disturbance class
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