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Abstract  
 
 The sand dune on West Beach, Calvert Island, British 

Columbia was studied in order to investigate community structure 

of herbaceous plants based on position on the dune, the 

associations between the common red paintbrush (Castilleja 

miniata) and surrounding plants, and morphological variation 

between individual C. miniata and their location on the dune. We 

sampled 10 transects, a total of 60 quadrats and divided the dune 

into fore-dune, mid-dune and back-dune for location based 

analysis. We used two types of percent cover methodologies as 

well as measured height of individual common red paintbrush 

plants for our study. The common red paintbrush is a hemi-

parasitic plant that is not typically found living in this type of 

habitat (E-flora, 2012).  

 Based on the results, there is no difference in community 

structure of herbaceous plants based on position on the done. 

However, there is a difference in community structure based on 

different transects along the dune. Common red paintbrush is 



negatively correlated with dunegrass and yarrow and positively 

correlated with coastal strawberry and beach pea. The height and 

proportion of showy bracts on the common red paintbrush increase 

from the fore-dune to the back-dune.  

Keywords: Biodiversity; Castilleja miniata; common red 
paintbrush; hemi-parasitic; sand dune; plant community structure; 
distribution 
 
Introduction 

Sand dunes represent a unique ecosystem where climatic, 

geomorphic, and oceanic factors create a harsh and variable habitat 

for plant species. Sand dunes are dynamic transitional areas 

between oceans and forests, subject to coastal winds, sun exposure, 

nutrient leaching and salt spray (BC Conservation Data Centre, 

2012). Coastal sand dunes are considered a rare and unique 

ecosystem in British Columbia, where steep, rocky cliffs dominate 

the shoreline . Many sand dunes represent the only habitat where 

certain endangered plant species can be found such as: contorted-

pod evening primrose (Camissonia contorta), sand-verbena moth 

(Copablepharon fuscum) and large-headed sedge (Carex 



macrocephala) (BC Conservation Data Centre, 2012). Humans 

also affect the dynamics of coastal dune systems. Invasive alien 

species can disrupt the succession patterns on the dune, coastal 

development can alter sediment transport along the beach, and 

climate change can increase erosion of the dune with increasing 

sea levels (Flynn et al., 2006).  

Habitat varies within the dune along a gradient from ocean 

to forest. Three to four distinct habitats can exist within one coastal 

sand dune ecosystem (Flynn et al., 2006). As a result, plant 

communities may not be heterogeneous across the dune (Costa et 

al., 1996). Variation in exposure and disturbance levels due to 

changes in slope and elevation, distance from the mean high tide, 

soil development, available nutrients, sediment type and shape, 

available soil moisture, sandblasting, saltspray, and neighbouring 

vegetation influence plant distribution and location on coastal sand 

dunes (Flynn et al., 2006 , B.C. Conservation Data Center, 2012, 

Costa et al., 1996). 

         The common red paintbrush belongs to the plant genus 



Castilleja in the Scrophulariaceae family. Castilleja miniata is a 

hemi-parasitic plant that acquires energy not only through 

photosynthesis, but also through haustorial root associations with 

other plants (Anderson and Taylor, 1983; Tesitel et al., 2010). 

Approximately 4000 species of plants are parasitic, and many 

studies have been done to better understand the selection process, 

nutrient uptake, morphological influence and preferences of 

parasitic plants (Press and Phoenix, 2005). Marvier (1998) 

concluded that growth and reproductive performance of parasitic 

plants can be improved when multiple host associations are 

formed. The number of associated host plants can affect the 

abundance and spatial arrangement of parasitic plants within a 

plant community (Marvier,1998). Parasitic plants can, in turn, 

affect water, nutrient, carbon dioxide and temperature levels, 

competition dynamics, and the community structure and zonation 

of plant communities (Press and Phoenix, 2005). 

Our study examined plant distribution and community 

structure in a rare ecosystem at risk, the West Beach sand dune on 



Calvert Island, located on Hakai Institute property, embedded 

within the Hakai Luxvbalis Conservancy Area. Our goal was to 

identify patterns in plant distribution on the dune, and differences 

in plant communities found in the fore-dune, mid-dune and back-

dune. Percent cover of Castilleja miniata in relation to other plant 

species on the dune was analyzed due to its hemi-parasitic 

lifestyle.  Morphological variation in C. miniata across the dune 

was observed to identify any underlying effects of position on dune 

to plant height and proportion bract height to total plant height.  

Methods 

Site location 

The sand dune on the north side of West Beach, Calvert 

Island, British Columbia was chosen as our study site. 396 m of 

dune was surveyed, slightly less than the total length of the dune to 

accommodate the size of our quadrats along the edge transects. 

Herbaceous plants were the focus of this study. The vegetation 

found on the sand dune is described in Table 1. Our survey of the 

dune began on June 20th, 2012 and finished on June 25th, 2012. 



The area of dune studied was delineated by the start of vegetation 

from the beach side and the start of the tree line. A map of the 

study site can be seen in Figure 1. 

 

 

 
 
 
 
 
 
 
 
 

Figure 1. Aerial map of Calvert Island showing study site and an 
orthophoto of the sand dune on West Beach. The 10 transects are 
shown by lines and the red dots show the location of  the 30 
quadrats. (Hakai Orthophoto, 2006). 
 
Community structure and common red paintbrush morphology 
survey       
         A systematic sampling technique was used to measure and 

compare community structure and the morphological 

characteristics of common red paintbrush across three habitat 

zones: fore-dune, mid-dune, and back-dune. The length of the dune 

was calculated using a measuring tape and compass. A marker was 



placed in front of the dune on the sound side to accurately measure 

the length of the dune from the north side to the south side. One 

person used the compass to align another person standing in front 

of the dune with the marker. Ten transects start points were placed 

at 44 meter increments. Each transect start point was labelled A to 

J, starting at the south end of the dune. A compass was used to run 

the transect lines perpendicular to the dune measurement line from 

the front of the dune to the back, at a bearing of 10 degrees from 

magnetic north.  

Each transect was divided into 3 equal distances to 

represent the three habitat types, fore-dune, mid-dune and back-

dune. The lengths of each transect varied depending on the shape 

of the dune. A 1m x1m quadrat was placed at the center of each 

habitat type, for a total of 30 quadrats. Each quadrat was divided 

into 9 equal subplots to create 16 intercepts. A point intercept 

method to estimate percent cover of the vegetation in each quadrat 

was accomplished by recording the emergent plant at each 

intercept.  



         Within four randomly chosen subplots in each quadrat, the 

height of a C. miniata plant and the stem height to the base of its 

showy bracts was measured. If a paintbrush plant was present and 

flowering, the individual plant closest to the center of the subplot 

was measured. A total of 26 common red paintbrush plants were 

measured and photographed. 

Percent cover survey 

         Percent canopy cover was calculated on a finer scale in 30 

randomly spaced quadrats in the area of the dune that had a higher 

density of common red paintbrush (between transects E and G) as 

determined by our transect survey. Numbers were randomly 

chosen from random.org to create a list of random degrees ranging 

from 0 - 360 and random meter lengths ranging from 1 – 20. A 

compass was used for the direction and a measuring tape was used 

for the length. If either of the numbers moved the experimenters 

out of the boundaries of the area being surveyed another random 

number was chosen. The same person estimated the percent 

canopy cover in each quadrat. The recorder wrote down that 



percent cover of each species in the plot. Percent cover was 

estimated within two canopy layers, the ground layer and the 

herbaceous layer. 

Data analysis 

Primer-E was used to examine our community structure 

data from the percent cover estimates from the transects placed 

along quadrats. The Bray – Curtis similarity matrix was calculated 

with Primer-E. This created a triangular similarity matrix between 

species percent cover at the 3 habitat locations on the sand dune 

(fore-dune, mid-dune, and back-dune). The next step of analyses 

was ordination to map the similarity relationship between samples. 

The map was in a non-metric multidimensional scaling (nMDS). 

The distance seen on the map reflects relative similarity between 

positions on dune or similarity between transects on dune. An 

ANOSIM was done on the similarities between position (fore, mid, 

back) and the similarities between transects to find out if the sites 

differed.   

Percent cover of common red paintbrush to percent cover 



of other plant species found in the random plots was analyzed 

pairwise using a Pearson correlation in Excel. A bubble graph was 

generated to observe where on the sand dune (position versus 

transect), other plant species were found on the dune in 

relationship to where paintbrush was found.   

Results 

Position and community structure (factor: position) 

A Primer ANOSIM test was used to determine the 

similarity between canopy cover and position on dune (fore, mid, 

back). Significance level for all statistical tests was set at 5%. 

There was not a significant difference between community 

structure and position on the dune (R = 0.03, p = 23.8, n = 30). 

Figure 2 demonstrates the similarity between plant species 

positions on the dune. Additional information on the ANOSIM test 

results are presented in Table 2 (apendix) which showed the 

pairwise tests on the three positions on the dune.   



 

Figure 2. (nMDS) ordination map of position and community 

structure comparisons (factor: position) on sand dune on West 

Beach, June 2012. (R = 0.04, p > 0.05, N = 30). 

Transect and community structure (factor: transect) 

         A Primer ANOSIM test was also used to determine the 

similarities between each individual transect based on its 

community structure. There was a significant difference (R = 

0.216, p = 2.4, n = 30). Figure 3 demonstrates the similarities and 

differences between and within transects. 



 

Figure 3. (nMDS) ordination map of transect and community 

structure comparisons (factor: transect) on sand dune on West 

Beach, June 2012. (R = 0.216, p < 0.05, N = 30). 

Community structure using bubble graphs: four plant comparisons 

         Four bubble graphs were created using the plant species that 

had the highest percent cover on the dune (besides paintbrush), 

using data collected from the transect survey. These bubble graphs 

compared the distributed percent cover of common red paintbrush 

to yarrow, dunegrass, coastal strawberry, and beach pea (Figure 4). 

The percent cover of each species based on transect location (1 = 

A, 2 = B, 3 = C, etc.) and position on the dune (1 = fore-dune, 2 = 

mid-dune, 3 = back-dune). 



 

	  
	  
	  
Correlations between common red paintbrush and four plant 

species 

 Pearson correlation coefficients were calculated from the 

random quadrat percent cover survey conducted from transects E 

to G. We then graphed this data to visually observe the correlation 

between common red paintbrush and yarrow, dunegrass and beach 

pea (Figure 5). The results indicated a strong negative linear 



correlation between dunegrass and common red paintbrush  

(r = -0.70, SE = 0.13), and a negative linear correlation between 

beach pea and common red paintbrush (r = -0.3445, SE = 0.18). A 

positive correlation was observed between coastal strawberry and 

common red paintbrush (r = 0.53, SE = 0.16), and a positive 

correlation was observed between yarrow and common red 

paintbrush (r = 0.38, SE = 0.18).   

 

 

 

 

 

 

 

 

 

Morphology of common red paintbrush 

 The average showy bract height of 26 randomly sampled C. 



miniata plants to plant height can be observed in Figure 6. The 

average height of the measured paintbrush plants increased from 

the fore-dune to the back-dune.  

 

 

 

 

 

 

Figure 6: This graph shows the change in the morphology of the 
common red paintbrush by comparing the total average stem 
height with average height of showy bract. The bars are colour-
coded represents the actual colours of the plant with the green 
showing stem and red being the showy bract.  
 

Discussion 

 The Primer ANOSIM statistical approach looks at the 

similarities within factors and similarities between factors. The 

factors for the first analysis of our community structure data were 

location (fore-dune, mid-dune and back-dune) and quadrat. We 

failed to reject the null hypothesis that community structure of 
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vegetation on the sand dune varies from the fore to the back-dune. 

(R = 0.03, p = 23.8, n = 30).  

 Figure 2 illustrates that although we failed to observe a 

statistical difference between community structure between the 

three habitat types, some patterns of similarities and differences are 

observable on the dune. Increasing the number of transects and 

quadrats in future studies may show a statistically significant 

difference between the three habitat types in regards to the plants 

that occupy those positions on the dune.  

 The natural disturbance gradient present from the fore-dune 

towards the back may may not be delineated in discrete blocks as 

our study was designed, and shifts in plant community structure 

may be more gradual than anticipated (Costa et al., 1996). 

Comparison of the fore-dune to the back-dune plant communities 

may show significant differences by increasing the area between 

the samples and possibly increasing the signal received from the 

data.  

The second ANOSIM analysis compared the similarities 



between transects on the dune from the transect survey. There was 

a significant difference (R = 0.216, p = 2.4, n = 30). However, 

when examining all possible pairwise comparisons, there was no 

specific significant result between individual transects. This 

demonstrates that more data is needed in order to reject our null 

that there is no difference in community structure between 

transects.  

In Figure 3, the closer the distance between the different 

transect points, the more similar those transects are to each 

other.  Visually we can observe that certain transects are more 

similar to one another and vice versa. For example, transect A and 

transect B are closer to each other on the map compared to transect 

G and transect H which are farther apart. Increased data collection 

through increased sample size would possibly allow us to 

definitively reject our null of no difference in community structure 

on the dune by lending more power to our statistical analysis. 

(Whitlock and Schluter, 2009). 

The bubble graphs in Figure 4 are good visual 



representations of the distribution of the most common plant 

species on the coastal dune system of Calvert Island, BC. A 

positive correlation between percent cover of paintbrush and 

strawberry (r = 0.53, SE = 0.16), and a positive correlation 

between paintbrush and yarrow (r = 0.38, SE = 0.18) was 

observed. A negative correlation was observed between percent 

cover of paintbrush and dunegrass (r = -0.70, SE = 0.13), and 

between paintbrush and beach pea (r = -0.3445, SE = 0.18).  

The positive correlation between paintbrush and strawberry 

could be explained by a hemi-parasitic association between 

paintbrush and the strawberry, which would increase the 

abundance of paintbrush near its host plant. Another explanation 

could be that strawberry and paintbrush thrive in similar types of 

habitats, where similar abiotic conditions are conducive to 

increased abundance. The positive correlation between paintbrush 

and yarrow could be explained by similar and/or different 

mechanims and further experimental studies are needed to 

determine if strawberry and yarrow are host plants for common red 



paintbrush. Measurements of soil moisture in experimental plots 

on the dune with and without paintbrush would be an interesting 

future study on the effect of the paintbrush on the abiotic 

conditions of the dune, for example, soil moisture (Press and 

Phoenix, 2005). Different coastal dune systems could also be 

compared to determine if these correlations are common in similar 

habitats. 

The negative correlations between paintbrush and dune 

grass may be explained by competition factors. Dunegrass forms 

thick mats that are much taller than the paintbrush and would 

inhibit light absorption by the paintbrush. Observationally, 

dunegrass was more prevalent in the fore- and mid-dune, and 

paintbrush may prefer a lower disturbance level. The increase in 

paintbrush height from the fore-dune to the back-dune could help 

explain this trend, as paintbrush appears to grow more optimally in 

the more sheltered habitat of the back-dune. 

 Beach pea observed at a higher frequency in the 

foredune, where it's climbing and trailing habit was not impeded 



by the height and thickness of the dunegrass. The negative 

correlation between paintbrush and beach pea could be explained 

by the two plants prefering different levels of disturbance and the 

beach pea may be more tolerant of salt-spray and sandblasting 

(Yura and Ogura, 2006). 

In summary, the coastal sand dune ecosystem on Calvert 

Island has a biodiverse and complex community structure. The 

disturbance gradient across and along the dune and the distance of 

the various habitats from the beach front all combine to create a 

biologically interesting and dynamic ecosystem worthy of further 

investigation.  
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Appendix 
Table 1. List of sand dune vegetation used as a legend for 
community structure survey. 

Common Name Scientific Name 
Common Indian 
Paintbrush 

Castillija miniata 

Yarrow Achillea millefolium 
Beach pea Lathryus japonicus 
Dune Grass Elymus mollis 
Coastal Strawberry Fragaria chiloensis 
Blue eyed Grass Sisyrinchium 

idahoense  var. macounii 
Tree/Shrub   
Moss   
Sand   
Lichen   
Driftwood   
Seashore bluegrass Poa macrantha 
Many flowered wood 
rush 

Luzula multiflora 

Cow-Parsnip Heracleum lanatum 
Northern Rice Root Fritillaria camschatcensis 

 
  
Table 2. The ANOSIM results of possible pairwise comparisons 
for positions on dune.  A significant level above 5 % demonstrates 
similarity of positions on sand dune. 
Groups Significance 

Level (%) 
R Statistic 

Fore, Mid 60.3 - 0.032 
Fore, Back 5.3 0.142 
Mid, Back 46.4 - 0.018 
	  


