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a. b.
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FIGURE 2.  Photographs of five different site types. Pumice Plain (a), Replanted Blowdown Zone (b), Shrub-
dominated Blowdown Zone (c), Forb-dominated Blowdown Zone (d), Tephra Fall Forest (e).

2.2 Data Collection 

 To test the hypotheses, a stratified random sampling method was used to reduce bias of 

transect site selection and to ensure data were gathered within each site type (Michalcov 2011).  

To aid in studying light regime and post-disturbance management effects, three disturbance 

intensities (pyroclastic flow (Pumice Plain), blowdown zone, tephra fall zone) were delineated 

using images available from Google Earth. Within the blowdown zone, the area was further 

delineated into three vegetation types, creating five total site types: Pumice Plain (PP), Forb-

dominated Blowdown Zone (FBZ), Shrub-dominated Blowdown Zone (SBZ), Replanted 
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Blowdown Zone (RBZ), and Tephra Fall Forest (TFF) (Table 1).  Twenty transect sites were 

randomly selected within each site type and located and marked on the ground with the aid of a 

hand-held Global Positioning System (Garmin Oregon 450).  Alternative random transect sites 

within each site type were selected, for use in the event that some of the originally selected sites 

could not be sampled safely or were otherwise inappropriate.  Sites were considered unsafe to 

sample when the slope was too steep or unstable to walk on without serious risk of injury and 

inappropriate when there was a visitor center, parking lot or culvert present. The Gifford Pinchot 

National Forest office provided data on areas previously receiving herbicide treatment, and these 

locations were excluded from this study. Furthermore, forest areas with evidence of recent 

logging activity were also not included.

 To determine species richness, abundance, and spread of exotic species from the road into 

the adjacent landscape, vascular plant species were identified along 70 m transects, positioned 

perpendicular to the road and > 20 m away from the nearest transect.  Quadrats 1 m x 1 m were 

placed along each transect, beginning at the first established plant, at distances of 0 m, 2 m, 5 m, 

10 m, 20 m, 30 m, 50 m and 70 m (following Amor and Stevens 1975). At each quadrat, all 

vascular plant species < 1.5 m in height and their percent cover values were recorded.  Species 

were identified to the lowest taxonomic level possible and percent cover was visually estimated 

in increasing increments. Cover less than 1% was estimated at 0.25 or 0.5%, cover between one 

and 15% was estimated in 1% increments, and cover between 15 and 100 % was estimated at 5% 

increments (adjusted from Abella et al. 2012).  Unknown plants were collected, pressed, and later 

identified using Hitchcock and Cronquist (1973) or Kozloff (2005). Shrub species in the genera 

Salix and Vaccinium were identified to the genus level, as all species in those genera in the 
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Mount St Helens areas are native.  Plants were also placed into lifeform categories: (1) forb, (2) 

graminoid, (3) shrub, and (4) tree.  The forb category included herbaceous flowering plants, as 

well as crawling and prostrate shrubs, ferns and horsetails. Graminoids included grasses, rushes 

and sedges (Poaceae, Juncaceae, Cyperaceae).  Shrubs included upright woody species typically 

less than 1.5 m, including member species of the genera: Arcostaphylos, Gaultheria, Menziesia, 

Pachystima, Ribes, Rubus, and Vaccinium.  Larger, tree-like shrub species of Acer, Alnus, 

Amelanchier, Salix, Sambucus, and Sorbus function more as canopy and were thus excluded from 

ground cover and were instead treated as “canopy” species. Canopy cover was visually estimated 

and placed into four categories: (1) zero, (2) low (1 to 30%), (3) medium (31 to 70%), and (4)

high (71 to 100%) (Parendes and Jones 2000). Elevation at the road was later determined using 

data available from Google Earth. Vegetation and physical site data were gathered over a 5 week 

period at peak biomass and flowering season beginning in August and extending into early 

September, 2013.

TABLE 1. Site types and descriptions along NFR 99 in the Gifford Pinchot National Forest.TABLE 1. Site types and descriptions along NFR 99 in the Gifford Pinchot National Forest.TABLE 1. Site types and descriptions along NFR 99 in the Gifford Pinchot National Forest.

Site Type Volcanic features Description

Pumice Plain 
(Pyroclastic 
Flow Zone)

Debris avalanche, 
pyroclastic flows, 
mudflows

Area affected by 1980 debris avalanche, lateral blast, pyroclastic flows (flowing 
volcanic hot rock and gas), and occasional subsequent mudflows. Open landscape 
with mostly forbs and sparse shrubs/trees. Characterized by primary succession.

Forb-dominated 
Blowdown Zone

Scorch/blowdown, 
tephra deposits

Area where trees were scorched, snapped off or blown down by the 1980 blast. 
Open landscape with mostly forbs and sparse shrubs (alnus, salix, vaccinium) and 
trees.

Shrub-dominated 
Blowdown Zone

Scorch/blowdown, 
tephra deposits

Area where trees were scorched, snapped off or blown down by the 1980 blast. 
Landscape with many dense shrubs (alnus, salix, vaccinium) and some trees.

Replanted 
Blowdown Zone

Scorch/blowdown, 
tephra deposits

Managed forest outside the National Volcanic Monument. Trees were blown 
down, snapped off or scorched by the 1980 blast, and replanted by the USFS. 
Mostly Abies procera.

Tephra Fall 
Forest

Cool tephra 
deposits

Unmanaged forest outside the blast zone, with cool tephra (silt to gravel-sized) 
deposits from the 1980 eruption.

TABLE 2. Ground cover type. Adapted from Crisafulli, 2012TABLE 2. Ground cover type. Adapted from Crisafulli, 2012

Ground cover type Description

Non-Vascular Bryophytes and lichens.

Litter Fine organic material less than 10 cm2, consisting of leaves, fir needles, and small wood pieces.

Woody Debris Wood pieces larger than 10 cm2 (branches, slabs, logs, etc).

Bare ground Inorganic material typically consisting of pumice, ash or gravel or soil.

HYPOTHESES
 To study the abundance and spread of exotic invasive plants on Mount St. Helens, two 
hypotheses are proposed: 

18



2.3 Data and Statistical Analysis

 Taxonomic species names follow the Integrated Taxonomic Information System 

(www.itis.gov, April 2014) and were identified to be either native or exotic according to National 

Resources Conservation Service (NRCS) Plants Database (www.plants.usda.gov, April 2014).  

There is some debate about whether Phalaris arundinacea is native.  The species is native to 

NorthAmerica, but is also listed as a class C noxious weed by the Washington State Noxious 

Weed Control Board (www.nwcb.wa.gov, April 2014). There is debate concerning its genetic 

diversity and whether some European strains have been introduced (Nelson, 2014). The NRCS 

and this study classify P. arundinacea as native.  

 For exotic plant species occurring in more than three quadrats, frequency was calculated 

by summing the number of quadrats in which a species occurred at each distance within all site 

types except the Pumice Plain.  To characterize canopy cover within each site type, median 

values from the four categories (zero, low, medium, high) were used to calculate median canopy 

for each site type. Canopy cover values for distances of 50 m and 70 m from the road (or trail) 

were used to better characterize the site type with less influence from the road (or trail).

 For each quadrat, the total richness (number of species) and abundance (percent cover) 

was summed for native, exotic and total understory plants. Relative abundance of exotic species 

within each quadrat was calculated by dividing the exotic percent cover by the total percent 

cover for each quadrat. Means of percent cover and richness at each transect distance, within 

each site type was calculated.  
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 Significant differences between the interior distances (50 m and 70 m) of the three 

blowdown zone site types were determined using the Kruskal-Wallis Rank Sum Test and the 

Wilcoxon Pairwise Rank Sum Test. The blowdown zone site type data met the equal variance 

assumption (Levene’s Test), but could not be transformed to meet the normality assumption, so 

these non-parametric tests were used. Pumice Plain data were not included, as those transects 

were perpendicular to a trail, rather than a road, and are not comparable.  Furthermore, the 

Tephra Fall Forest data were also excluded because at the 50 and 70 m distances, only one 

quadrat out of 40 contained an exotic plant at only 1%.  The other 39 quadrats had zero values 

which did not allow data to meet equal variance assumptions. 

 To determine whether the road significantly influenced exotic plant richness, abundance 

and relative abundance within each site type, I used linear regressions.  A negative slope, 

significantly different from zero, would mean that plant richness, abundance or relative 

abundance was decreasing as distance from the road (or trail) increased.  A non-significant slope 

would mean that exotic plant richness, abundance, or relative abundance remained the same 

regardless of the distance from the road (or trail).

3 RESULTS

3.1 General Exotic Species Patterns

 I identified 152 plant species (Table 9, Appendix A). Apart from Salix spp. and Vaccinium 

spp., 13 additional taxa were identified to the genus level, though some of them are the same as 

the 152 identified species (for example, several Maianthemum spp. specimens could not be 

distinguished between M. racemosa or M. stellatum).  These specimens could not be identified to 

the species level because the plants were juvenile, lacking fruits or flowers, or had been damaged 
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by herbivory. Twenty-two exotic species were recorded from the quadrats, all of which were 

forbs or grasses (Table 2).  Fourteen of those species were found in more than three quadrats 

(Figure 8, Appendix). Three additional exotic species, Cytisus scoparius (shrub), Tragopogon 

dubuis (forb), and Verbascum thapsus (forb), were observed outside of quadrats and noted in the 

species list (Table 2), but not included in analyses. The three blowdown zone site types contained 

the most exotic species (Table 2). The most abundant exotic species overall, in descending order, 

were Hypochaeris radicata, Rumex acetosella, Anthoxanthum odoratum, Leucanthemum 

vulgare, Hypericum perforatum, Mycelis muralis, and Lotus corniculatus.  H. radicata was the 

most abundant exotic plant species in every site type (Table 2). 

 Overall, exotic species richness, abundance and relative abundance was low with highest 

mean values of 6 (at 5 m in the replanted zone, Figure 3), 6.5% (at 0 m in the Forb-dominated 

Blowdown Zone, Table 3) and 41% (at 2m in the Shrub-dominated Blowdown Zone, Table 4), 

respectively. Near the road, mean values of exotic plant abundance and relative abundance varied 

a lot, whereas at 20 m and beyond, exotic plant abundance and relative abundance hold a fairly 

steady pattern (Figure 4).  For both the Replanted Blowdown Zone and the Shrub-dominated 

Blowdown Zone, mean exotic plant abundance and relative abundance were higher at 2 m than at 

0 m (Figure 4).  The Tephra Fall Forest had a very distinct pattern, with higher abundance and 

relative abundance at 0 m and 2 m, and almost no exotic plants at distances of 10 m and beyond 

(Figure 3, Figure 4).
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TABLE 2. Exotic species in each site type.  PP = Pumice Plain, FBZ = Forb-dominated Blowdown Zone, 
SBZ = Shrub-dominated Blowdown Zone, RBZ = Replanted Blowdown Zone, TFF = Tephra Fall Forest. 
Values are mean percent cover averaged across all distances within each site type.  1 = 0 to 0.09 percent 
cover, 2 = 0.1 to 0.39 percent cover, 3 = 0.4 to 1.85 percent cover. The letter “W” indicates species is on 
the Washington State Noxious Weed List (www.nwcb.wa.gov, April 2014)
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TABLE 2. Exotic species in each site type.  PP = Pumice Plain, FBZ = Forb-dominated Blowdown Zone, 
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Latin Binomial PP FBZ SBZ RBZ TFF

Roadside only species: 
Furthest Observed 

Distance from Road 
Agrostis capillaris 1
Anthoxanthum odoratum 3 2 2
Cirsium arvense (W) 1 1
Digitalis purpurea 1
Euphrasia officinale 1 1 1 2 m
Holcus lanatus 1
Holcus mollis 1 2 m
Hypericum perforatum (W) 2 3 2
Hypochaeris radicata (W) 2 3 3 3 2
Jacobaea vulgaris (W) 1 1
Lepidium campestre 2 1 1
Leucanthemum vulgare (W) 2 2 3 1
Linaria vulgaris (W) 1 10 m
Lotus corniculatus 2 1 2
Mycelis muralis 1 2 2 2
Plantago lanceolata 1 1 10 m
Poa compressa 1 1 2 10 m
Rumex acetosella 1 3 3 2 1
Rumex crispus 1 10 m
Spergularia rubra 1
Taraxacum officinale ssp. officinaleTaraxacum officinale ssp. officinale 1 1 2 m
Trifolium repens 1 5 m
Tragopogon dubuis* 2 m
Cytisus scoparius* 2 m
Verbascum thapsus*

TOTAL SPECIES 2 15 15 13 7
* Species were observed outside of study plots
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FIGURE 3. Boxplots showing exotic richness values for the five site types.  Distances are from the road for the 
Forb-dominated Blowdown Zone, Shrub-dominated Blowdown Zone, Replanted Blowdown Zone, and Tephra Fall 
Forest. Pumice Plain distances are from a trail.
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each site type.
TABLE 3.  Exotic species mean abundance (percent cover ± 1 standard error) at each distance within 
each site type.
TABLE 3.  Exotic species mean abundance (percent cover ± 1 standard error) at each distance within 
each site type.
TABLE 3.  Exotic species mean abundance (percent cover ± 1 standard error) at each distance within 
each site type.
TABLE 3.  Exotic species mean abundance (percent cover ± 1 standard error) at each distance within 
each site type.
TABLE 3.  Exotic species mean abundance (percent cover ± 1 standard error) at each distance within 
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Distance from 
road (or trail for 
Pumice Plain) 

(m)

Tephra Fall 
Forest           

(% cover)

Forb-dominated 
Blowdown Zone 

(% cover)

Shrub-dominated 
Blowdown Zone 

(% cover)

Replanted 
Blowdown Zone             

(% cover)

Pumice Plain 
(% cover)

0 2.61 ± 0.57 6.50 + 1.00 4.44 ± 1.69 4.68 ± 1.28 0.04 ± 0.03
2 1.53 ± 0.44 4.11 ± 0.85 6.20 ± 1.53 5.95 ± 1.62 0.10 ± 0.06
5 0.30 ± 0.16 4.70 ± 1.69 3.08 ± 0.68 6.10 ± 2.55 0.38 ± 0.21
10 0.13 ± 0.10 5.50 ± 1.21 3.59 ± 0.97 4.05 ± 1.52 0.23 ± 0.09
20 0.10 ± 0.07 4.30 ± 0.81 2.50 ± 0.60 3.25 ± 0.80 0.25 ± 0.09
30 0.00 ± 0.00 4.23 ± 0.74 1.55 ± 0.48 1.70 ± 0.52 0.33 ± 0.16
50 0.00 ± 0.00 3.78 ± 0.90 2.33 ± 0.53 2.73 ± 0.85 0.78 ± 0.35
70 0.05 ± 0.05 4.28 ± 1.04 1.65 ± 0.45 1.70 ± 0.38 0.31 ± 0.14

TABLE 4.  Exotic species mean relative abundance (percent cover ± 1 standard error) at each distance 
within each site type.
TABLE 4.  Exotic species mean relative abundance (percent cover ± 1 standard error) at each distance 
within each site type.
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TABLE 4.  Exotic species mean relative abundance (percent cover ± 1 standard error) at each distance 
within each site type.

Distance from 
road (or trail for 
Pumice Plain) 

(m)

Tephra Fall 
Forest           (% 

cover)

Forb-dominated 
Blowdown Zone 

(% cover)

Shrub-dominated 
Blowdown Zone 

(% cover)

Replanted 
Blowdown Zone             

(% cover)

Pumice Plain 
(% cover)

0 0.07 ±  0.02 0.37 ± 0.05 0.31 ± 0.07 0.00 ± 0.00 0.26 ± 0.07
2 0.09 ±  0.05 0.33 ± 0.06 0.41 ± 0.07 0.01 ± 0.00 0.29 ± 0.05
5 0.01 ±  0.01 0.27 ± 0.06 0.34 ± 0.07 0.02 ± 0.01 0.21 ± 0.04
10 0.00 ±  0.00 0.37 ± 0.07 0.23 ± 0.05 0.03 ± 0.01 0.18 ± 0.04
20 0.00 ±  0.00 0.34 ± 0.07 0.24 ± 0.05 0.02 ± 0.01 0.13 ± 0.03
30 0.00 ±  0.00 0.22 ± 0.04 0.22 ± 0.06 0.03 ± 0.01 0.08 ± 0.03
50 0.00 ±  0.00 0.24 ± 0.05 0.24 ± 0.06 0.05 ± 0.02 0.17 ± 0.05
70 0.00 ±  0.00 0.25 ± 0.04 0.17 ± 0.05 0.03 ± 0.01 0.07 ± 0.02
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FIGURE 4. Line graphs showing mean transect abundance (a) and relative abundance (b) for five site types. 
Distances are from the road for the Forb-dominated Blowdown Zone, Replanted Blowdown Zone, Shrub-dominated 
Blowdown Zone, and Tephra Fall Forest. Pumice Plain distances are from a trail.

 

24



3.2 Canopy Cover

 Median canopy cover differed among the site types (Figure 5). Both the Pumice Plain and 

Forb-dominated Blowdown Zone is characterized by a median of zero canopy cover. The Shrub-

dominated and Replanted Blowdown Zones had low median canopy cover (1 to 30%), while the 

Tephra Fall Forest had the high median canopy cover (71 - 100%).  Before the recent commercial 

thinning of the Replanted Blowdown Zone, the canopy cover was much higher than current 

levels.

FIGURE 5.  Median canopy cover for interior habitats (50 and 70 m) among site types.

3.3 Differences Among Site Types

 Significant interior (50 and 70 m) differences existed among the three blowdown site 

types in richness (χ² = 11.6351, p = 0.0030), abundance (χ² = 8.2192, p = 0.0164), and relative 

abundance (χ² = 8.1827, p = 0.0167) of exotic plant species at α < 0.05 (Table 5) using the 

Kruskal-Wallis Rank Sum Test.  Pairwise Wilcoxon Rank Sum Tests were used to determine 

significant differences between interior distances of blowdown site type pairs (Table 5).  The 

Forb-dominated and Shrub-dominated Blowdown Zones were significantly different in richness 
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(W =1036.5, p = 0.0176), abundance (W= 1058.8, p = 0.0123), and relative abundance (W = 

1104.5, p = 0.0032). The Forb-dominated and Replanted Blowdown Zones were significantly 

different in richness (W = 1129.5, p = 0.0009) and abundance (W = 1049.5, p = 0.0154).  The 

Shrub-dominated and Replanted Blowdown Zones were not significantly different in richness, 

abundance, or relative abundance. 

TABLE 5.  Kruskal-Wallis Rank Sum and Wilcoxon Pairwise Rank Sum Test results 
showing differences in richness, abundance and relative abundance for interior distances 
(50 m and 70 m) within three blowdown zone site types.  FBZ = Forb-dominated 
Blowdown Zone, SBZ = Shrub-dominated Blowdown Zone, RBZ = Replanted 
Blowdown Zone.  Boldface numbers are significant at α < 0.05.
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showing differences in richness, abundance and relative abundance for interior distances 
(50 m and 70 m) within three blowdown zone site types.  FBZ = Forb-dominated 
Blowdown Zone, SBZ = Shrub-dominated Blowdown Zone, RBZ = Replanted 
Blowdown Zone.  Boldface numbers are significant at α < 0.05.

RichnessRichness AbundanceAbundance Relative Abundance Relative Abundance 
χ² = 11.6351χ² = 11.6351 χ² = 8.2192χ² = 8.2192 χ² = 8.1827χ² = 8.1827
p = 0.0030p = 0.0030 p = 0.0164p = 0.0164 p = 0.0167p = 0.0167

W p value W p value W p value
FBZ vs. SBZ 1036.5 0.0176 1058.5 0.0123 1104.5 0.0032
FBZ vs. RBZ 1129.5 0.0009 1049.5 0.0154 961 0.1198

SBZ vs. RBZ 716.5 0.3994 796 0.9724 904 0.3061

3.4 Differences Across Distances Within Site Types

 On the Pumice Plain, where transects were perpendicular to a trail, rather than a road, 

only two exotic species were observed, H. radicata and R. acetosella (Table 2). R. acetosella was 

only observed once and H. radicata was observed at most distances from the trail at low cover 

amounts.  The maximum percent cover (6%) for H. radicata, was observed once.  Linear 

regression across distances from the trail showed slope was not significantly different from zero 

for richness (Table 6), while slopes were slightly positive, yet significant at α = 0.05, for 

abundance (slope = 0.0053, p = 0.0415, Table 7) and relative abundance (slope = 0.0004, p = 
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0.0383, Table 8).  The most abundant species were Lupinus lepidus, and Penstemon cardwellii, 

both native forbs (Table 9, Appendix).  

 In the Forb-dominated Blowdown Zone, 15 exotic species were observed, with A. 

odoratum, H. radicata, and R. acetosella being the most abundant (Table 2).   Linear regression 

across distances from the road showed that slope was not significantly different from zero for 

richness, abundance or relative abundance at the α = 0.05 significance level.  Pteridium 

aquilinum was the most abundant species in the Forb-dominated Blowdown, with H. radicata, an 

exotic, as the second most abundant (Table 9, Appendix A).  

 In the Shrub-dominated Blowdown Zone, 15 exotic plant species were observed and H. 

radicata, R. acetosella, and H. perforatum were the most abundant exotic species (Table 2).  

Linear regression across distances from the road showed that slope was negative and 

significantly different from zero for exotic plant richness (slope = -0.0110, p = 0.0021, Table 6), 

abundance (slope = -0.0449, p = 0.0028, Table 7), and relative abundance (-0.0024, p < 0.0001, 

Table 8).  Aside from Salix spp. and A. viridis ssp. sinuata species, Vaccinium spp. and Rubus 

lasiococcus were the most abundant plants in the Shrub-dominated Blowdown Zone (Table 9, 

Appendix A). 

 In the Replanted Blowdown Zone, 13 exotic plant species were identified (Table 2). The 

two most abundant exotic species found were H. radicata and L. vulgare (Table 2).  Linear 

regression across distances from the road showed that slope was negative and significantly 

different from zero for richness (slope = -0.0167, p < 0.0001, Table 6), abundance (slope = 

-0.0562, p = 0.0052, Table 7) and relative abundance (slope = -0.0023, p = 0.119, Table 8).  
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Vaccinium spp. and H. radicata, were the most abundant plants in the Replanted Blowdown 

Zone (Table 9, Appendix).  

 In the Forest, seven exotic plant species were observed, three of which were restricted to 

10 m of the roadside (Table 2). The two most abundant exotic plant species were H.radicata and 

Mycelis muralis (Table 2).  Quadrats at distances 5 m through 70 m rarely contained an exotic 

plant (Figure 3, Figure 4), with no observations of exotic plants at 30 m or 50m, and only one 

observation of H. radicata of 1% at 70 m.  Linear regression across distances from the road 

showed that slope was significantly different from zero for richness (slope = -0.0118, p < 0.0001, 

Table 6), abundance (slope = -0.0222, p < 0.0001, Table 7), and relative abundance (slope = 

-0.0008, p = 0.0044, Table 8).  Overall, the understory was sparsely vegetated, and the most 

abundant plants were Vaccinium spp. and Anaphalis margaritacea, though A. margaritacea was 

mostly along the roadside (Table 9, Appendix A).  

TABLE 6.  Exotic species linear regression values for richness within each site type.  
Boldface numbers are significant at α < 0.05.
TABLE 6.  Exotic species linear regression values for richness within each site type.  
Boldface numbers are significant at α < 0.05.
TABLE 6.  Exotic species linear regression values for richness within each site type.  
Boldface numbers are significant at α < 0.05.
TABLE 6.  Exotic species linear regression values for richness within each site type.  
Boldface numbers are significant at α < 0.05.
TABLE 6.  Exotic species linear regression values for richness within each site type.  
Boldface numbers are significant at α < 0.05.
TABLE 6.  Exotic species linear regression values for richness within each site type.  
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Site Type Coefficient Estimate Std. error T-value p-value

Pumice Plain Intercept 0.2110 0.0489 4.3140 < 0.0001

Slope 0.0022 0.0015 1.4950 0.1370

Forb-dominated 
Blowdown Zone

Intercept 1.9184 0.1271 15.0960 < 0.0001

Slope -0.0043 0.0038 -1.1150 0.2670

Shrub-dominated 
Blowdown Zone

Intercept 1.5955 0.1171 13.6300 < 0.0001

Slope -0.0110 0.0035 -3.1330 0.0021

Replanted 
Blowdown Zone

Intercept 1.8779 0.1363 13.7790 < 0.0001

Slope -0.0167 0.0041 -4.0710 < 0.0001

Tephra Fall Forest Intercept 0.6073 0.0691 8.7840 < 0.0001

Slope -0.0118 0.0021 -5.6740 < 0.0001
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