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Executive summary 
 
This document describes surveys of rooted vegetation conducted in forested plots at Brooksdale 
Environmental Centre, South Surrey BC, and provides findings of those surveys. Separate reports treat 
bryophytes and fungi. Vegetation survey methods followed those of EMAN (Ecological Monitoring and 
Assessment Network) created as part of the Canadian Biodiversity Strategy. Plots were laid out in 2012. 
Sampling was a gradual affair during 2013 and 2014, depending on availability of personnel and interns. 
Measures with the least inter-annual variability (e.g., tree age) were left to last. Additional tree ages also 
were acquired in 2016 and the report updated. Three 20x20 m tree-layer macroplots were established. 
Each contained five 5x5 m shrub-layer plots and at least 10 1x1 m herb-layer plots. Data collected reveal 
that rooted vegetation of the stands is transitional between the Redcedar-Skunk cabbage zonal site 
association of the Coastal Douglas-fir Biogeoclimatic zone (CDF) (Nuszdorfer, Klinka & Demarchi 1991) 
and the Redcedar-Sitka spruce-Skunk cabbage site of the very dry maritime Coastal Western Hemlock 
zone (CWHxm) (Pojar, Klinka & Demarchi 1991). 
  
We begin with a brief overview of community based monitoring in Canada and British Columbia, followed 
by a description of the sampling methods and results. Most measurements reported are simple means. 
Rarefaction was employed to assess whether the sampling regime was providing a good estimate of the 
total number of species present. It was.  
 
Dominant tree species in the macroplots are western hemlock, western redcedar and red alder. Other 
species present in or immediately adjacent to the macroplots include vine maple, paper birch, beaked 
hazel and two exotic species – English holly and European mountain ash. Mean values for height and 
dbh across all living trees that were not leaning were: 27.9 m and 34.2 cm for red alder; 27.1 m and 40.7 
cm for western hemlock; 19.8 m and 37.9 cm for western redcedar. Basal area for living hemlock and 
redcedar across all plots were 33.1 m

2
/ha and 22.5 m

2
/ha, respectively. Averages across the three plots 

obscure stand dynamics. Diameter distribution of trees within a species and live crown as a proportion of 
height are more revealing of the species’ ecology. Those measures indicate that red alder is on its way 
out and that recruitment of western redcedar has been erratic. That observation is confirmed by the 
relative abundance of individual tree species in the shrub and herb layers. The forest did not have a 
single age of origin and it is likely that homesteaders extracted wood as needed for particular structures 
or as could be sold. 
 
The shrub layer is dominated by salmonberry with moderate amounts of vine maple and western 
redcedar and small amounts of red huckleberry, false azalea, mountain ash and paper birch. Although the 
three macroplots are in close proximity there are striking differences between them. Macroplot 2 hosts far 
fewer shrubby plants than the other two macroplots. The difference appears to result from the near total 
dominance of spiny wood fern in the herb layer of macroplot 2. Macroplot 3 hosts 16 times the number of 
shrub stems as macroplot 2 but only about twice as many as macroplot 1. This latter difference appears 
to result from the greater canopy cover in macroplot 1 (28 trees versus 15). Shrub species richness in 
macroplots 1 and 3 is similar. 
 
Although the herb layer is clearly depauperate, there are striking differences across the macroplots. Only 
two species occurred with any regularity – spiny wood fern and false lily-of the valley. The latter is 
restricted to macroplot 1; the former occurs in all 3 macroplots but contributes 94.1% of herb cover in 
macroplot 3 and 99.1% in macroplot 2. Both shrub abundance and growth and tree growth appear 
reduced by high amounts of spiny wood fern, strongly suggesting allelopathy. Allelopthy is borne out by 
simple experiments assessing growth rates of Himalayan blackberry with and without spiny wood fern. 
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1.0  Ecological and community monitoring 

Ecological monitoring of forest and wetland biodiversity at A Rocha Brooksdale is one of many similar 
activities undertaken by community groups throughout British Columbia and Canada. 
 

1.1 Ecological or ecosystem monitoring in Canada 

Ecological or ecosystem monitoring is used to detect changes in ecological systems through time and to 
better understand how ecosystems function. It thus underlies efforts intended to sustain biodiversity. 
UNESCO’s Man and Biosphere Programme (MAB) was established in 1971 to promote sustainable use 
of natural resources and interdisciplinary approaches to management, research and education in 
ecosystem conservation. Its primary achievement is the World Network of Biosphere Reserves. There are 
now over 600 reserves in 117 countries and the list is growing. These reserves are intended to exchange 
knowledge of and experiences with sustainable development among nations and to help work towards a 
balanced relationship between humans and nature. 
 
Smithsonian Institution's Monitoring and Assessment of Biodiversity Program (SI/MAB) took over the 
activist part of the MAB programme in 1986. UNSECO still approves and lists Biosphere reserves. 
SI/MAB works internationally with governments, industries, academia, nongovernmental organizations, 
local communities and others to assess and monitor the biodiversity in their regions. Its broad objective is 
to build in-country capacity to encourage sustainable use of natural resources and to promote the 
conservation of biodiversity. Forest biodiversity plots are one way of collecting relevant information. The 
SI/MAB program focuses on the tropical and temperate forests of Latin America, the Caribbean, North 
America, Africa and Asia.  
 

Ecological monitoring helps meet goals set by the Canadian Biodiversity Strategy, Canada’s response as 
signatory to the United Nations Convention on Biological Diversity. One objective of that strategy is the 
improvement of ecosystem understanding. In 1994, Canada created the Ecological Monitoring and 
Assessment Network (EMAN) to meet this goal through the development of standardized protocols for 
monitoring changes in biodiversity and outreach programs to encourage members of the community to 
participate in voluntary data collection and to commit time and resources to monitoring projects. 
 
The EMAN program used the SI/MAB monitoring protocol first developed for tropical forests. That 
consistency has permitted global or regional synthesis of data across a large variety of sites in different 
countries. A number of synthesis papers have been published. The EMAN Coordinating Office also 
developed protocols specific to Canadian conditions and questions, including decay rates, down woody 
debris, plethodontid or lungless salamanders and more. As Canada retreated from commitments to 
international agreements, such as the Kyoto Accord on climate change and the Convention of 
Biodiversity, there was less federal need for information. EMAN was terminated in 2010.  
 
Changes in federal policy did not eliminate the need for information to assist practices intended to sustain 
biodiversity. The need for alternative ways of acquiring information actually increased, particularly in 
British Columbia, where both federal and provincial policies reduced staffing and funding of those 
charged with monitoring natural systems – terrestrial, fresh water and marine. Communities responded by 
building on the legacy of EMAN. That legacy includes a variety of protocols for monitoring specific 

components of nature
1
 and the handoff of data acquisition to citizen science through Naturewatch 

(https://www.naturewatch.ca). Almost 100 plots using the SI/MAB or EMAN protocols were established 

across the country, including 5 locations in British Columbia (Rocky Point, University of Victoria; 
Clayoquot Sound Biosphere Reserve; Mount Arrowsmith Biosphere; Royal Roads University/Hatley Park 
and Galiano Conservancy Association). All were on Vancouver Island or Galiano Island. Our enquiries 

                                                           
1
 http://www.ec.gc.ca/faunescience-wildlifescience/default.asp?lang=En&n=9C4F74C5-1 
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found that some of these plots can no longer be relocated. Those at Royal Roads, Clayoquot and Galiano 
Island are still being sampled. The Pebble Beach Reserve on Galiano Island has been incorporated into 
the Mid Galiano Island Protected Areas Network. The plots at Brooksdale are the only ones on British  
Columbia’s mainland.  
 

1.2 Community monitoring in British Columbia  

Community-based ecosystem monitoring is a process in which non-government organizations, community 
groups or individuals participate in long-term monitoring of selected species, habitats or ecosystem 
processes with the ultimate goal of improving management of ecosystems and natural resources.  
 
In British Columbia, both monitoring and stewardship groups contribute to community monitoring. 
Examples of programs devoted primarily to monitoring are Bird Studies Canada and its related programs, 
including the Beached Bird Survey, Christmas Bird Count and Nocturnal Owl Surveys

2
. There also are 

numerous community-based stewardship and advocacy programs that conduct some form of 
environmental monitoring, among them: 
 
B.C. Frogwatch Program www.env.gov.bc.ca/wld/frogwatch/       
Plantwatch Program https://www.naturewatch.ca/plantwatch/british-columbia/ 
British Columbia Lake Stewardship Society  www.bclss.org/ 
Icewatch Canada https://www.naturewatch.ca/icewatch/ 
Pacific Streamkeepers Federation http://www.pskf.ca/ 
Park Watch http://www.parkwatch.ca/ 

3
  

Wildlife Tree Stewardship Program www.wildlifetree.org/ 
3
 

Wormwatch Canada https://www.naturewatch.ca/wormwatch/ 
Forest Watch of BC was a founding member of Global Forest Watch and explored environmental 
monitoring before focusing on one-off assessments of compliance monitoring that checks whether 
applicable regulations were followed. The change in focus was stimulated by reductions in funding to the 
BC Forest Practices Board that is intended to provide oversight. 
 
The reduction in federal and provincial commitment to environmental monitoring increased the 
importance of community-based monitoring in British Columbia. Generally, the public has responded. In 
2012, among the programs stimulated by EMAN in British Columbia, FrogWatch currently had 51 sites, 
including 4 in Surrey and 1 in Langley; PlantWatch had 15 sites (9 on Vancouver Island, none in the lower 
mainland); IceWatch had about 60 sites and WormWatch had 4 (the closest to A Rocha Brooksdale was 
at Chilliwack). Bird Monitoring is coordinated by Bird Studies Canada

2
; NatureWatch coordinates the 

monitoring of frogs, plants, ice and worms (https://www.naturewatch.ca/). British Columbia has since 
incorporated incidental observations as well as site-specific, long-term monitoring into its version of 
Frogwatch.

4
 

 

1.3 Community forest monitoring and A Rocha Brooksdale 

A Rocha Brooksdale goals and activities were guided by the phrases ‘inspiring change’ and ‘caring for 
creation’. Community monitoring of forest biodiversity contributes to both forms of activity. When it was 
operational, EMAN requested that the purpose of establishing SI/MAB plots be described. The purpose of 
the three SI/MAB forest biodiversity plots established at Brooksdale is data acquisition and education. 
They are the first SI/MAB plots in mainland British Columbia, and augment other monitoring underway at 
A Rocha. They were established considering their potential contributions to NatureWatch programs. 
Broader connections with community monitoring are described in §5. 

                                                           
2,3

 http://www.bsc-eoc.org/ 
3
 Advocacy is an important activity of the group.   

4
 http://www.env.gov.bc.ca/wld/frogwatch/  
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2.0 Sampling protocols and plot establishment 

Forest sampling protocols originated with the SI/MAB biodiversity monitoring protocol that was developed 
for vegetation in tropical forest ecosystems. Dr. Patricia Roberts-Pichette and Dr. Lynn Gillespie, in 
cooperation with the Biodiversity Science Board of Canada, subsequently adapted this protocol (with the 
assistance of the Smithsonian Institute). Others added further methods for a more integrated approach to 
plot-based ecosystem monitoring in Canada. In total, 22 additional protocols were added.

5
 Protocols here 

are those for terrestrial vegetation found in Roberts-Pichette & Gillespie (1999). They are described 

briefly (for detail see footnote
6
). EMAN protocols consider the following information essential for 1-ha 

plots: name of stand, number of plots, map of stand showing plot locations, their relationship to any 
prominent feature and the route to find the plot or plot area. Desirable information includes: 

1. latitude and longitude and elevation 
2. compass bearing of Line A-D,  the base reference line (BRL) (Figure 2.1) 
3. number of each stand-alone plot 
4. plan of plot with all plots numbered 
5. average stand height and canopy depth 
6. written description of access route to stand and to the plot 

 

For conditions at Brooksdale, these measurements were adapted to the 20x20 macroplots employed. All 
‘essential’ information has been acquired (see Appendix 2 for map and Table 1 for tree heights and crown 
depth). Herb layer and shrub layer plots are nested within the tree layer or macroplots (Figure 1). A map 
showing the location of the three macroplots is provided in Appendix 2, as are maps of each macroplot 
showing location of smaller plots nested within them. Attributes of the three macroplots are summarized in 
Appendix 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Macroplot 1 (20x20m) showing locations of the five 5x5m shrub layer plots (red) and the initial 1x1m herb layer 

plots (blue; 6 for cover, 5 for stems).  Bearing of basal reference line (BRL) from A to D is 137 degrees (magnetic declination 

18 deg E). X and Y are the axes used during stem mapping (e.g., Appendix 4).  

 

                                                           
5
 http://www.ec.gc.ca/faunescience-wildlifescience/default.asp?lang=En&n=B0D89DF1-1  

6
 https://www.ec.gc.ca/Publications/F98684B9-64E5-40D1-AD7F- 2BA9E4138CC9%5CTerrestrialMonitoringProtocol 

TerrestrialVegetation.pdf 
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Sampling was a gradual affair that took advantage of the availability of personnel and interns. It was 
initiated in late summer of 2012 when plots were established and the herb layer was assessed, and 
continued through the fall of 2014. Sampling of tree ages was conducted in 2015 and 2016. While 
measures of rooted vegetation were collected, bryophytes and fungi also were sampled and reports 
produced (Bunnell et al. 2014a and Bunnell et al. 2014b). 
 
 

2.1 Tree-layer or macroplots 

Macroplots are intended to sample the tree layer. SI/MAB and EMAN consider three alternatives based 
on the nature of the site: transects, 20x20 m plots, and 1-ha or 100x100 m plots. Conditions at 
Brooksdale permitted three 20x20 m plots. These plots currently are marked at all four corners by yellow 
plastic stakes. EMAN protocols consider the following data essential: 

1. tag number and species of all living and standing trees >10 cm dbh (diameter at breast height, 1.3 
    m)  
2. stem map of all numbered trees  
3. dbh of all numbered trees 
4. condition of all numbered trees (they suggest using the following symbols: standing alive (AS),  
    standing dead (DS), broken alive (AB), broken dead (DB), leaning alive (AL), leaning dead (DL),  
    fallen/prone alive (AF), fallen/prone dead (DF), standing alive dead top (AD). 

 
All ‘essential’ data but fallen/prone dead were collected and are summarized in this report. In British 
Columbia an alternative approach to assessing down wood is generally used and may be applied in the 
future. Desirable data also are noted (Roberts-Pichette & Gillespie 1999:17), including height of all 
numbered trees, height to lowest living branch of all numbered trees, age of stand and others. Period of 
re-measurement is considered five to ten years or ‘as necessary’ (e.g., after extreme weather). Activities 
to be undertaken at re-measurement are described (Roberts-Pichette and Gillespie 1999:17).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Yellow corner post of 20 x 20 m macroplot. Southwest corner of macroplot 1. 

 
Data collected include both essential and desirable data: species, dbh, total height, condition and height 
to live crown (live trees only) of all living trees >10 cm dbh. Coordinates (m and cm) of each tree’s 
location were taken to permit stem mapping. Metal tags were nailed into the tree with a unique number 
and code for species: PB = paper birch, RA = red alder, RC = western redcedar, VM = vine maple, WH = 
western hemlock, GF = Grand Fir. Data for each measured tree are presented in Appendix 3.  
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2.2 Shrub-layer plots 

Shrub-layer plots sample shrubs and small trees <2 m in height. They are 5X5 m and nested within the 
tree-layer macroplots (Figure 1). A total of 15 were established, five in each macroplot. They were 
randomly located within each macroplot.  
 
Measurements considered essential by SI/MAB reflect its tropical origins and the potential array of 
patterns by which tropical forests can develop from an understory of small, shrub-like plants. They include 
tagging all shrubs and small trees (defined on the basis of diameter), recording their condition and 
providing a spatial coordinates. EMAN recognized that in Canada shrub species usually remained shrubs 
rather than attaining the stature of trees and proposed an additional and separate protocol using smaller 
plots for ‘regeneration and sapling’ surveys of small tree species. We followed the protocol of EMAN 
Coordinating Office (1999) – 5x5 m plots to sample shrubs and small trees (<2 m in height) – but retained 
the major measures of SI/MAB: 
 

1. total height 
2. height to first branch 
3. stem condition using the following code: LB = live bushy; LH = live horizontal; LL = live leaning 

and LE = standing erect, straight 
4. estimated percent cover by species  
5. coordinates locating shrubs within 5x5 m plots. 

 
We did not tag shrubs or saplings. We classified species as shrubs or trees on the basis of their ultimate 
stature. Of the nine species encountered in the shrub layer, 6 were species that can attain the stature of 
trees: English holly, vine maple, mountain ash, paper birch, western redcedar, and western hemlock. 
English holly is exotic. Complete data for the shrub layer are presented in Appendices 5 through 7. Forest 
regeneration was recorded in the 1x1 m plots used to sample the herb layer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. White corner post of 5 x 5 m shrub-layer plot. 

 

2.3 Herb-layer plots 

These plots are intended to sample herbaceous vascular plants. Species of shrubs and trees <1 m in 
height were recorded when encountered. Plots did not sample moss, lichen or English holly cover. 
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Discussion after sampling the shrub-layer plots indicated the possibility of eradication measures for holly, 
so stems were clipped rather than counted. Number of stems and percent overlapping cover of each 
species were sampled in 1x1 plots (Appendix 7). Bryophyte cover was sampled as an independent 
project (Bunnell and Bunnell 2014). 
 
The initial sampling used separate plots for percent cover and number of stems – 15 1x1m plots (5 in 
each macroplot) for each of cover and stems. After examination of the species accumulation curve it was 
decided to sample additional plots (Figure 6). An additional 3 plots (1 per macroplot) were sampled in 
2012, yielding a total of 18 1x1 m plots. Analysis found no reason for future sampling to use separate 
plots for cover and number of stems or include more than 15 sample plots. Data for the herb layer are 
summarized in Figures 3.4 and 3.5 and Tables 3.5 and 3.6; raw data are in Appendix 8. 
 
Because the forest sites at Brooksdale serve a variety of purposes, some hindered by numerous stakes, 
the suggested EMAN protocol for permanent monitoring was modified slightly. The three 20x20 meter 
plots have stakes at all four corners. Permanent staking of the five 5x5 meter plots within those 
macroplots was curtailed part way through establishment. Some 5x5 meter plots have a stake at each 
corner, some have less. All can be readily located from the plot maps (Appendix 2). The 1x1 meter plots 
have no permanent stakes and are not considered permanent plots.. 
 
Given the time-cost of locating 1x1 m plots for which there are no permanent stakes (herb layer plots), we 
recommend that subsequent monitoring of the herb layer plots randomly locate five 1x1 m plots in each 
macroplot. For the rationale of the number of plots sampled, see discussion of Figure 7.  

3.0  Results 

Vegetation monitoring was directed to three layers of vegetation: herbaceous layer (no height specified, 
non-woody plants), ‘shrub’ layer which comprises all woody plants including small trees (>1 m tall and 
<10 cm dbh), and tree layer (woody plants >10 cm dbh). Tree species were recorded from all three 
layers.  
 

3.1 Tree layer 

Table 1 summarizes major results to date. Data for each tree are in Appendix 3. In total, five tree species 
were recorded from plots. Beaked hazel was observed just outside the SE corner of macroplot 1. Sitka 
spruce are present closer to the river. European mountain ash and English holly were present in the 
shrub layer. Total numbers of all live trees (dead in brackets) across all plots were: western hemlock 
23(1), western redcedar 22(2), red alder 18(3), vine maple 2, paper birch (1). More vine maple were 
present in the shrub layer. 
 
Table 1. Attributes of live trees summarized by macroplot (numbers in parentheses are dead trees). Leaning trees are 

excluded from mean crown measurements. 

 Number Height (m) Dbh (cm) Ht to crown (m) % live crown 

Plot 1      
red alder (1) 4 34.1 40.3 17.2 46.2 
vine maple 2 14.8 12.5 1.0 93.2 
western hemlock (1) 10 26.9 41.1 9.1 64.2 

  western redcedar (2) 8 20.2 35.7 6.5 68.7 
grand fir 1 39.38 58.5 9.9 75.0 
Plot 2      
paper birch (1)      
red alder (2) 10 21.2 30.2 17.5 25.7 
western hemlock 10 21.4 31.0 10.2 52.8 
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western redcedar 5 17.3 24.2 4.1 76.4 
Plot 3      
red alder 4 30.6 34.7 22.6 26.2 
western hemlock 3 34.4 49.1 12.6 62.0 
western redcedar 8 22.4 39.3 5.1 76.4 

      

 
 
 

 
 
Figure 4. Diameter distribution of the three main tree species (western redcedar, western hemlock and red alder) aggregated 

across all three macroplots. 

 
 

Data of leaning and dead trees were recorded but are not included in averages of Table 1 (see Appendix 
3). Mean values for height and dbh across all living trees that were not leaning were: 27.9 m and 34.2 cm 
for red alder; 27.1 m and 40.7 cm for western hemlock; 19.8 m and 37.9 cm for western redcedar. 
Averages across the three plots obscure stand dynamics. Diameter distribution of trees within a species is 
more revealing of the species’ ecology. Figure 4 illustrates diameter distributions in 15-cm classes for the 
three major species. For all species the most common size class is 25-40 cm. Red alder have the 
greatest mean height, but the lowest % live crown among overstory tree species (Table 1). Only two alder 
attained diameters greater than 40 cm dbh. Red alder is striving for light and is being shaded out by the 
hemlock and cedar. Vine maple is often an understory species. The few much shorter vine maple present 
have the highest % live crown, but it is unclear how long they can persist in the understory. Western 
hemlock is the only tree species represented in all diameter classes (Figure 4), implying that it has regular 
recruitment, but it was not encountered in the shrub layer (Table 3).  

 
Western redcedar does not occur in all diameter classes (Figure 4), but is present in the shrub layer and 
herb layer. Based on diameter distribution, its recruitment appears erratic – the range of diameters 
sampled is 9.6 to 86.1 cm dbh. Age structure of western redcedar stands elsewhere indicates the species 
experiences locally favourable and unfavourable periods that create inconsistent recruitment of young 
trees (Daniels 2003). Tree diameters alone indicate that the stand did not all originate at once. The live 
crown ratios of both hemlock and redcedar are high enough to suggest sustained growth.  Red alder is 
still well represented, but the % live crown is becoming dangerously low and alder is beginning to break 
up. Repeated sampling will document the trajectory of stand development.  
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The macroplots are 20x20 m or 0.04 ha. Values of BA are usually reported as m
2
/ha. Values for living 

hemlock and redcedar across all plots are 33.1 m
2
/ha and 22.5 m

2
/ha, respectively.   

 
We aged older trees of the three upper canopy species in each of the macroplots. The sample of 12 tree 
ages confirms the history implied by the diameter distribution (Figure 4). Despite the proximity of the 
macroplots, the forest was not all recruited in a short period of time. The site is moist and there is no 
evidence of fire origin. It is likely that homesteaders extracted wood as needed for particular structures or 
when it could be sold. Ages (mean+SD) for the three dominant species were: red alder (92.3+4.0), 
western hemlock (97.4+27.3), and western redcedar (91.0+14.7). Given the extreme variability within 
plots 2 and 3 it seems likely that further sampling is required to get an accurate picture. 
 
 
Table 2. Attributes of trees aged. 

 Tree  Diam. Ht.  

 No. Species  (cm) (m) Age 

Plot 1 7 WeHe 64.2 34.8 
a
100+ 

 8 WeHe 34.7 31.9 123 
 b

no # WeHe   121 
 18 WeRc 84 38.35 107 
 21 RA 52.5 42.8 97 
 22 GrFi 58.5 39.4 60 
      
Plot 2 & 3 29 WeHe 47.5 30.65 57 
 53 WeHe 31.5 23.35 86 
 b

no # WeRc ?? ?? 89 
 45 WeRc 39.6 21.27 96 
 47 RA 39.7 23.84 90 
 72 WeRc 86.1 35.1 72 
 
GrFi = Grand fir, RA = red alder, WeHe = western hemlock, WeRc = western redcedar 
a 

rotten core – age estimated 
b
no number = just outside plot  

 

3.2 Shrub layer  

The ‘shrub’ layer includes small trees if encountered. Key measures in the shrub layer were number, 
height, and condition of stems and percent cover by species. The initial question is whether sufficient 
plots have been sampled. EMAN protocols (Roberts-Pichette & Gillespie 1999) specify that a species 
accumulation curve should be used to determine the desirable number of plots. They proposed the 
simplest approach available, that of Oosting (1956).  
 
Ideally, when the accumulated number of species is plotted against plots in order of tally, a ‘break point’ is 
obvious where the curve starts to flatten. That break point is considered the minimum number of plots. 
Such a plot is shown for data of species in the shrub-layer plots in Figure 5. Oosting (1956) suggested 
that the break point can be estimated by the ‘10% rule’; i.e., when a 10% increase in area yields less than 
10% new species. The break point is located by drawing a line from the zero point through the point 
representing 10% of the species and 10% of the sample area and extending it. A second line drawn 
parallel to the first touches the accumulation curve at the break point. 
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Figure 5. Species accumulation curve plotted versus plots by order of tally (includes holly) following the approach of Oosting 

(1956) recommended by EMAN. 

 
Subsequent approaches to developing species accumulation curves have recognized the role that order 
of tally plays. Order of tally is important in these plots because both density and diversity of shrub species 
differs dramatically among plots (Table 3). 
 
 

Table 3. Total number of stems in the ‘shrub’ layer by species and macroplot (excludes holly and species on upturned 

rootwads). 

 Total stems 

Plot Number SaBe ViMa WeRc Huck FaAz MtAsh PaBi All 

1 9 2 2 1 0 1 1 17 
2 1 0 1 0 0 0 0 2 
3 14 10 4 2 2 0 0 32 

All 24 12 7 3 2 1 1 51 

SaBe = salmonberry, ViMa = vine maple, WeRc = western redcedar, Huck = red huckleberry,  
FaAz = false azalea, MtAsh = European mountain ash, PaBi = paper birch 

 
More recent approaches to species accumulation curves incorporate statistically repeated sampling of 
different orders different orders of tally. That yields expected species richness as a function of number of  

plots sampled. We used the methodology developed by Colwell et al. (2012) and available in EstimateS
7
.  

It is illustrated in Figure 6. Employing the simple method suggested by EMAN (Figure 5) suggests that 2 
to 4 plots would adequately sample species composition. However, with this simple approach, the 
resulting curve and estimate can be greatly influenced by the order of tally. That is especially true in this 
case where the species are not evenly distributed through the forest (e.g. Table 3. 3). 
 
 
 
 

                                                           
7
 http://viceroy.eeb.uconn.edu/estimates/ 
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Figure 6. Expected richness of the shrub layer (n = 15 plots). 

 

 
The probabilistic approach of Figure 6 naturally yields a gradual curve. At the upper end of the richness 
curve, the slope is relatively constant at 0.13 species per plot, suggesting about 8 more plots would be 
required to add one more species. We recognize that shrub species distribution is highly variable, but 
conclude that 15 ‘shrub-layer’ plots are adequate to sample species richness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Among the shrub species encountered in shrub-layer plots, both English holly and European mountain 
ash are naturalized exotics in southwestern BC. Holly is more aggressive and once established can 
shade out native understory species. A Rocha has made attempts to eradicate English Holly and 
apparently intends to continue doing so. After checking with other individuals, we chose to exclude holly 
in sampling and to kill smaller specimens when encountered. Before recording of holly was terminated 
(after plot 1), we had encountered 5 stems ranging from 0.9 to 2.42 m (mean of 1.76 m). If holly is to be 
eradicated from natural forest areas, more effort is necessary.  
 
Far fewer stems of any shrub species were recorded from Plot 2 than from the other two plots (Table 3). 
The single western redcedar encountered in plot 2 was rooted in the plot but leaned well out – no height 
was recorded for it. Only two species were recorded from the shrub layer in Plot 2; seven native species 
were recorded from Plots 1 and 3. Table 3 shows six native species from Plot 1 (holly was also present), 
but a further species, beaked hazelnut, was recorded within the plot. The hazelnut seedling was perched 
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The two most abundant shrub species are vine maple and salmonberry (Photos: Langley Field Naturalists) 
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in the soil of an upturned root wad, more than a meter above the ground, so was not considered rooted 
within the plot.  
 
Species do not need to be rooted in the plot to provide cover. Estimates of cover by species and plot are 
summarized in Table 4; small hemlock were not encountered rooted within the plots. Data by shrub plot 
and individual shrubs are found in Appendices 5 and 6; plot coordinates are illustrated in Appendix 2. 
 
Table 4. Average percent cover of species in the shrub layer in the three macroplots (n = 15 plots). 

  Percent cover 

Macroplot 
 

ViMa SaBe WeRc MtAsh PaBi FaAz Huck WeHe Total 
          1 2.2 7.6 4.6 3.6 3.2  0.8  22.0 

2  0.1 2.4     1.6 4.1 

3 22.6 8.6  8.0   3 2  44.2 

Mean 8.3 5.4 5.0 1.2 1.1 1.0 0.9 0.5 23.4 

Frequency 7 8 7 1 1 2 3 1  

          
           WiMa= vine maple, SaBe = salmon berry, WeRc = western redcedar, MtAsh = European mountain ash, PaBi = paper 

birch, FaAz = false azalea, Huck = red huckleberry, WeHe = western hemlock (rooted outside the plot)  

 
As defined by EMAN, the ‘shrub’ layer includes both shrubs, such as red huckleberry and salmonberry, 
and small trees that may grow well beyond typical shrubby height (vine maple and western redcedar). 
Average cover per shrub plot was 23.4% (Table 4). Plot 3 has similar native species richness to Plot 1, 
but much greater average cover per shrub plot (44.2%, primarily vine maple). Plot 2 is comparatively 
depauperate, with only 2 rooted ‘shrub’ species and only 4.1% average cover. Over all three macroplots, 
the species contributing the greatest cover in the shrub layer are vine maple (8.3%), salmonberry (5.4%) 
and western redcedar (5%). All other species average 1.2% or less (Table 4).  
 
Condition was recorded in three classes: LB = live bushy; LE = live straight (erect); LL = live leaning and 
LH = live horizontal Table 5). Dead shrub stems were not encountered. 
 
 
Table 5. Condition and height of plants in shrub layer and rooted in the ground (all plots combined). 

 Condition   

Species Bushy Erect Leaning Horizontal Total Mean height m) 

       
SaBe 21  2 1 24 1.48 
ViMa 1 10  1 12 2.37 
WeRc  3 1 2  6 2.77 
Huck 1  1 1  3 1.73 
FaAz   2   2 1.3 
MtAsh  1    1 3.78 
PaBi  1    1 10.8 

       Total 24 15 6 4   

SaBe = salmon berry, ViMa = vine maple, WeRc = western redcedar,  Huck = red huckleberry,  
FaAz = false azalea, MtAsh = European mountain ash, PaBi = paper birch 
 

Most shrubs (39/49; 79.6%) were erect (most also bushy), but about 20% were either leaning or near 
horizontal. At least two causes for the relatively high portion of stems that are not erect are evident: 1) 
numerous conifer trees have fallen, dragging other species with them, and 2) the canopy is largely 
closed, so understory plants are sprawling and actively searching for light. The height or length of the 
huckleberry, particularly given that only one plant was erect, indicates a search for light. Four species 
recorded from the shrub layer were trees – vine maple, western redcedar, paper birch and mountain ash. 
Diameters of the birch and mountain ash were 8.5 and 5.0 cm dbh, respectively.  
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3.3 Herb layer 
 
The herbaceous layer was assessed by 1x1 m 
plots. Initially stems and cover were sampled by 
separate plots (§2.3). To be counted in a herb plot, 
the plant had to be rooted within the plot. In the 18 
plots (6 per macroplot), only four herbaceous 
species were encountered – spiny wood fern (187 
stems), false lily-of-the-valley (144 stems), 
clasping twisted stalk (1 stem), and skunk 
cabbage (1 stem). Small woody plants within the 
herbaceous layer included: vine maple, English 
holly and false azalea. Expected richness is 
illustrated for herbaceous species in Figure 7. 
 
As calculated by rarefaction, the expected richness naturally peaks at 4 species (the total number of 
species encountered). The largely constant slope after 9 plots is in increments of about 0.11 species per 
plot. Current data thus suggest that an additional 9 plots are likely needed to capture one more species. 
Other herbaceous species were observed to be present, but were not found within the plots (e.g., three-
leaved foam flower, lady fern, licorice fern). Despite the low number of species encountered, there is a 
marked difference in stem counts between the three macroplots (Table 6).    
 
 

Table 6. Total number of stems per herbaceous species by macroplot. 

                
  
  
 
 
 
 
 
                 SpWf = spiny wood fern, FLoV = false lily-of-the-valley, SkCa = skunk cabbage, ClTs = clasping twisted stalk. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The herb cover estimates reveal a pattern similar to stem counts with the exception that more species 
were encountered because plants need not be rooted in the plot to provide cover; stems extending over 
the plot also provide cover. Cover can be overlapping so the total can exceed 100%. Most assessments 
were made in August and September, 2012 following a dry summer. Leaves of species such as false lily 
of the valley were yellow and beginning to shrivel, but that is unlikely to have influenced cover estimates 
significantly. Woody species <30 cm in height were included in assessments, with the exception of 
English holly which is being controlled. The expected richness curve for stem counts over all microplots 

Plot Number of stems  

  
Number SpWf FLoV SkCa ClTs Total 

1 43 144   187 
2 44    44 
3 100  1 1 102 

All 187 144 1 1 333 
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Figure 7. Expected richness of the herbaceous layer 

(n = 18 plots). 

The most common understory species were spiny wood fern and false lily-of-the valley (Photos: A. Farr). 
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indicates a relatively depauperate understory (Figure 7), particularly in macroplots 2 and 3 (Table 5). 
Table 7 summarizes percent cover in the herbaceous layer. Data by plot are found in Appendix 8.  
 
 

Table 7. Average percent cover of species in the herbaceous layer in the three macroplots.  

Plot No. SpWf SwF WeRc FloV SaBe LaFe SkCa ClTs TrBl Total 

1 27.5 16.67 4.0 3.5 1.67      0.33 53.7 

2 74.7  0.67       75.4 

3 84.0 3.33       0.83 0.83 0.33  89.3 

Mean 62.07 6.67 1.56 1.17 0.56 0.28 0.28 0.11 0.11 72.8 

  SpWf = spiny wood fern, SwF = sword fern, WeRc = western redcedar, FLoV = false lily of the valley, SaBe = salmonberry,  LaFe = 
lady fern, SkCa = skunk cabbage, ClTs = clasping twisted stalk, TrBl = trailing blackberry 

 
Cover of the herbaceous layer was strongly dominated by spiny wood fern. Mean herb cover across all 
plots was 72.8%. 62.1% of that cover is comprised of spiny wood fern (Table 7). The fern occurred in 16 
of the 18 plots sampled. Of the other 8 species encountered (including English holly), 5 were found in 
only a single plot. The dominance of fern cover is striking (Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Dominance curve of species cover in the herb layer (includes holly as ‘trace’). 

 
On average, the two dominant fern species contribute 68.7% of the herbaceous cover in the sampled 
plots; that is 94.4% of total herbaceous cover over all plots. Despite the strong dominance of spiny wood 
fern across all plots, there were marked differences among the three macroplots (Table 7). Macroplot 1 
had the lowest abundance (27.5%) and frequency of spiny wood fern (4 of 6 plots; in macroplots plots 2 
and 3 wood fern occurred in all 6 herb plots). Macroplot 1 was also the most species rich plot (Table 7). In 
comparison, macroplot 3 had the highest cover of spiny wood fern, 84%, which represented 94% of all 
herbaceous cover in the plot. Spiny wood fern cover was not as high in macroplot 2 (74.7%), but 
represented >99% of the herbaceous cover. Two woody species contributed cover to the herb layer – 
western redcedar and holly (trace).  

 

4.0 Implications of findings 

Implications are summarized by sample layer. 
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4.1 Tree layer 

The composition of live tree stems within the 3 macroplots is 42.4% western hemlock, 28.8% red alder, 
25.4% western redcedar and 3.4% vine maple. The plots are all located within the Redcedar-Skunk 
cabbage site association of the Coastal Douglas-fir Biogeoclimatic zone. Description of the association 
(from Nuszdorfer et al. 1991) largely matches our findings: tree layer “Western redcedar and red alder are 
the major tree species; occasionally, bigleaf maple and western hemlock are present”; shrub and herb 
layer “…is dominated by Rubus spectabilis (salmonberry). It also contains Oemleria cerasiformis (Indian-
plum) and Sambucus racemosa (red elderberry) as major species. The herb layer is well developed. 
Herbs that predominate include Athyrium filix-fedmina (lady fern), Dryopteris expansa (spiny wood fern), 
Equisetum telmateia (giant horsetail). Lysichiton americanus (skunk cabage), Maianthemum dilatatum 
(false lily-of-the-valley), Polystichum munitum (swordfern), Stachys cooleyi (Cooely’s hedge-nettle), and 
Tiarella trifoliata.”  Departures of our findings from Nuszdorfer et al’s description include: tree layer – a  
greater presence of western hemlock with bigleaf maple largely restricted to better drained soils, higher 
on the slope; shrub layer – Indian plum higher on slope, elderberry rare; herb layer – near perfect match, 
with spiny wood fern dominating local areas. More broadly, the site appears transitional with sites higher 
on the slope better matching CWHmm1, including the presence of Gaultheria shallon (salal) which is 
absent from the plots lower on the slope (e.g., Pojar et al. 1991). 
 
Although the soil nutrient regime is rich to very rich, stands in the CDF Redcedar-Skunk cabbage 
association are seldom commercial. Soils are naturally wet. Elsewhere they are often drained to be used 
for agriculture. Trees tend to be restricted to elevated microsites, because of the increased availability of 
oxygen for root respiration. The tree canopy thus tends to be discontinuous, as is clearly evident in 
macroplot 3, where spiny wood fern is abundant (Figure 9). Although this site association is within the 
Coastal Douglas-fir zone, Douglas-fir is not adapted to growing on these sites and was not encountered 
during sampling. Tree regeneration is a challenging affair. Regeneration occurs on the elevated 
microsites, but does not grow well until the older trees occupying these sites die. One result of the 
underlying ecological relations is that the stands seldom attain commercial volume (e.g., Table 8).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 9. Stem map of trees in macroplot 3 which had the fewest live conifer trees (15). Stem maps for plots 1 and 2 are 

shown in Appendix 4. 
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All plots are in close proximity (Appendix 2), but show a wide range in estimated volume (Table 8).  
 
 
Table 8. Number of live trees, mean height, dbh, basal area and volume for conifer species in the three macroplots. Plots are 

ordered in increasing proportion of spiny wood fern cover in the herb layer. 

    BA/ha Vol /ha 
Plot No. Ht (m) Dbh (cm) m

2
 m

3
 

Plot 1  (51.2%)
a
         

western hemlock 10 26.9 41.1 33.1 375 
western redcedar 8 16.4 35.7 20.0 138 
Both species 18 21.7 38.4 53.1 513 
Plot 3  (94.1%)

 a
      

western hemlock 3 34.4 49.1 14.2 204.8 
western redcedar 8 22.4 39.3 24.26 227.7 
Both species 11 28.4 44.2 38.46 432.5 
Plot 2  (99.1%) 

a
      

western hemlock 10 21.4 31.0 18.87 162.5 
western redcedar 5 17.3 24.2 5.75 41.8 
Both species

 a
 15 19.4 27.6 24.6 204.3 

            a 
spiny wood fern as a percent of the herb layer cover    

 
In their review, Lavender et al. (1990) provide broadly comparable values for mixed western 
hemlock/western redcedar stands. The authors note that similar sites regenerated naturally would have 
about 500 stems per ha of western hemlock and western redcedar and an expected volume of 307 m

3
/ha 

at 87 years. Sample data from Plot 1 yield 475 stems/ha and 530 m
3
/ha at ~101 years (data of Tables 3.2 

and 4.1), which is broadly similar. At Brooksdale, however, the volume declines markedly with increasing 
proportion of spiny wood fern. Sample data for macroplot 3 yield only 275 stems and 432.5 m

3
/ha at ~72 

years. Macroplot 2, with 99.1% wood fern cover, had only 204 m
3
/ha at ~87 years.  

 
Across the stands sampled, average basal area of western hemlock (22.1 m

2
/ha) is near the lower end of 

the range from 27 natural stands 50 to 70 years of age in the Very Wet Maritime Coastal Western 
Hemlock (CWHvm) biogeoclimatic subzone of southern coastal BC. These stands ranged from 15 to 95 
m

2
/ha for western hemlock and 2 to 75 m

2
/ha for western redcedar (Chen & Klinka 2003). The basal area 

at Brooksdale was also markedly lower than in 85 unthinned natural stands of hemlock aged 40 to 70 
years on northern Vancouver Island (56 m

2
/ha; Omule & Britton 1991). Sites at Brooksdale clearly are not 

ideal for either western hemlock or Douglas-fir. 
 
We don’t expect recruitment of red alder into mature conifer stands. Recruitment at Brooksdale is low for 
both conifer species as well (Table 9).  
 
Table 9. Living stems of full tree species rooted in the tree, shrub and herb layer plots. Plots are ordered by increasing 

proportion of spiny wood fern cover (1,3,2). 

 Tree Layer Shrub Layer Herb Layer 

Plot ViMa RA WeHe WeRc ViMa RA WeHe WeRc ViMa
a
 RA WeHe WeRc 

1 2 4 10 9 2 0 0 2 nd 0 0 0 

3 0 4 3 8 10 0 0 4 nd 0 0 0 

2 0 10 10 5 0 0 0 1 nd 0 0 0 

ViMa = vine maple; RA = red alder; WeHe = western hemlock; WeRc = western redcedar 
a
 Only herbs were recorded in the herb layer; vine maple was observed in the herb layer, but not recorded. 

 
Of the potential tree species, only vine maple was found in the herb layer. Neither conifer species was 
found rooted in plots sampling the herb layer. Western redcedar the height of the herb layer was found 
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growing outside the herb plots and rooted within the shrub layer (7 stems). No western hemlock stems 
were encountered during sampling of the shrub layer. That may reveal that the stands are tending 
towards dominance by western hemlock, but is equally likely to reflect the erratic regeneration of 
redcedar. Of the two conifer species, western redcedar is the more shade tolerant so could recruit under 
canopy. 
 
No common date of stand origin is apparent for the 12 trees aged, although trees are on average about 
90 years old. There no longer is recruitment of red alder, which is breaking up, as evident in the number 
of dead and down alder stems. Most of the large western hemlock and western redcedar appear to have 
begun growth about 100 to 120 years ago in plot 1, and several decades earlier in other plots.  
Based on age and diameter distributions, recruitment of western redcedar appears more erratic than that 
of hemlock (Figure 4) That pattern has been documented elsewhere (Daniels 2003).  
 
The plots are a representative example of stands of the Redcedar-Skunk cabbage site association of the 
Coastal Douglas-fir Biogeoclimatic zone. They illustrate stand development and features of the site 
association’s ecology that differ from many other associations and zones. Both tree ages and diameter 
distributions suggest patchwise disturbance and recruitment. The largest trees are mostly western 
redcedar, but more of the smaller trees in the tree layer are western hemlock (Figure 4). However, 
western redcedar is much better represented in the shrub layer (Table 9). Greater recruitment of western 
redcedar would bring the stand closer in composition to the description of the Redcedar-Skunk cabbage 
site association by (Nuszdorfer et al. 1991). Continued monitoring will be revealing.  
 

4.2 Shrub layer 

Attributes of species recorded from the shrub layer are summarized in Tables 3.3, 3.4 and 3.5. Tree 
species <10 cm dbh are assigned to the shrub layer rather than the tree layer. Number of stems 
encountered in the 15 shrub layer plots for species that could attain tree status were: vine maple (12), 
western redcedar (7), mountain ash (1) and paper birch (1). Stems of English holly were present despite 
earlier eradication work. The single European mountain ash and paper birch were both in Plot 1 and are 
unlikely to reproduce. Ten of the 12 vine maple were in Plot 3, which has the fewest trees of larger 
stature. It is unclear whether vine maple currently in the shrub layer will come to contribute significantly to 
the tree canopy. Currently, only 2 vine maple >10 cm dbh exist, both in Plot 1. Western redcedar is the 
most shade tolerant of the tree species present and those in the shrub layer will likely grow to tree status. 
Western redcedar also is the only tree species encountered in herb-layer plots. Current data suggest it 
will come to be the dominant tree species. Site conditions do not do not encourage western hemlock 
regeneration. No western hemlock were encountered in the 15 shrub layer plots or the 18 herb layer 
plots. 
 
It is noteworthy that only a single shrub species was recorded from the 5 shrub-layer plots in macroplot 2, 
which is dominated by spiny wood fern in the herb layer (Table 3). That shrub was a salmonberry 0.55 m 
in ht. Over the 10 shrub plots in the other two macroplots, 49 shrubs were encountered, including 23 
salmonberry; those salmonberry averaged 1.54 m in ht. One small western redcedar was also found in 
the shrub layer of macroplot 2. 
 

4.3 Herb layer 

Halpern and Spies (1995) reviewed understory species richness in forests similar to that at Brooksdale. 
They limited their discussion to low- to mid-elevation Douglas-fir dominated forests west of the Cascade 
crest in Washington and Oregon. Dominant tree species typically were Douglas-fir, western hemlock or 
red alder, indicating that sites were somewhat drier than the forests sampled here. They also were richer 
in species, but that likely reflects that fact that harvest had occurred more recently.  
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Halpern and Spies also used 1x1 m plots, 4 to 16 per macroplot. The mean of those samples varied from 
about 12 o 16 species per plot. Overlapping cover increased from about 50% 10 years post logging to 
over 150% by 20 years post logging. They did not report shrubs and herbs separately. For comparison, 
herb and shrub species of this study must be added. Samples of the most species-rich plot at Brooksdale 
report 10 species, less than the lower boundary reported by Halpern and Spies. When percent cover is 
added (Tables 4 and 7) the values for cover at Brooksdale are well below those reported by Halpern and 
Spies, except for Plot 2, which is dominated by a single species – spiny wood fern.  
 
The depauperate nature of the understory is not a function of dense crown closure (e.g., Figure 9). The 
time of sampling (late summer) may underestimate the total number of species, but the small total 
number is more likely to be a product of the dominance by ferns (Table 7; Figure 8). In the two macroplots 
where ferns are most dominant, species richness was low. It was considerably higher in Plot 1 where 
ferns comprise only 27.5% of the cover. Stem counts of herbs in Plot 1 were dominated by false lily-of-
the-valley, a perennial species spreading by rhizomes that is absent from the other two macroplots.   
 
Allelopathy would produce the pattern observed. Other vascular plants observed, but not found rooted in 
plots, were not associated with spiny wood fern. Foamflower was seen in the upturned soil of a root wad; 
licorice fern was growing on tree trunks or down wood, but not in soil. Allelopathy has been demonstrated 
for several fern species including at least one species of Dryopteris (Bell 1958; Gliessman & Muller 1972; 
Munther & Fairbrothers 1980; Petersen & Fairbrothers 1980). The Forest Practices Branch of BC 
recognizes ‘fern complexes’ which impede the regeneration of trees. They note (Forest Practices Branch 
& Forest Renewal BC. 2002): 1) that “The fern complex occurs in two main forms, one characterized by 
bracken fern (Pteridium aquilinum) and the other characterized by lady fern (Athyrium filix-femina). The 
fern complex characterized by bracken is comprised almost entirely of this species alone. Once a bracken 
fern complex develops, few other species can establish or survive in this association. Complexes 
characterized by lady fern also include bracken and spiny wood fern.” The situation at Brooksdale is 
exceptional in that the fern complex there is dominated by spiny wood fern. 
 
Based on these findings, Nicole Jung (a grade 8 student) undertook to evaluate the existence of 
allelopathy as a Science Fair project. She planted small shoots of the invasive Himalayan blackberry 
(Rubus armeniacus) in pots with and without spiny wood fern litter and measured ‘growth rate’ as indexed 
by bud and shoot production. Figure 10 illustrates example findings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. “Growth rate’ of Himalyan blackberry with and without spiny wood fern litter (from Jung 2012). 

 
Allelopathy has not formally been demonstrated for spiny wood fern, but several lines of evidence 
suggest that it is allelopathic: 1) the experimental work of Jung (Figure 10), 2) the near absence of any 
other species in the herb layer once it becomes highly dominant (Tables 6 and 7), 3) the profound effect 
of its abundance on the shrub layer (Section 4.2), and 4) a significant reduction in tree volume (Table 8). 
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Both western hemlock and western redcedar root readily in rotting wood that is in contact with the soil. 
Western redcedar typically produces seeds more readily in open, disturbed areas than in more closed 
stands (Edwards & Leadem 1988). That fact that redcedar occurs in the understory and western hemlock 
does not, suggests that western hemlock is more affected by dense ferns in two of the three macroplots. 
That pattern may also reflect the erratic nature of redcedar regeneration. Again, future monitoring will be 
revealing.   
 

5.0 Outreach and citizen science 

By ‘outreach’ we intend communicating and sharing with different communities. Like ‘ecosystem’, the term 
‘community’ embraces a variety of scales. Several scales of community are relevant: A Rocha interns, the 
A Rocha community, local youth, local citizenry and local government, First Nations and other 
governments. The kind of community-based monitoring described here is typically intended to involve 
local citizenry and inspire desirable change in local, or broader, government actions. That limited focus is 
conventional, but not necessary. A Rocha’s goals also are not identically manifest among different 
communities. There are various ways that inspiring change and caring for creation can be demonstrated, 
experienced or taught within different communities.  
 
Generally, the role of citizens in ecosystem monitoring is a straightforward extension of the need for 
science-based information to guide decisions about natural resource management. It is natural extension 
because: 

• professionals are always limited in where and how often they can monitor; 

• public desire for responsible management of our ecosystems is growing; and 

• parts of the public want to help collect ecological information. 
 
The short list of some existing volunteer-based monitoring programs (§1.2) illustrates the interest and 
energy volunteers have to offer. Local citizen volunteers also have personal connection with the 
landscape and a sense of ownership that makes them ideal candidates to watch for changes (Fore et al. 
2001). Rosenau & Angelo (2001) recognized five potential benefits of stewardship or advocacy group 
participation in ecosystem management: 

• volunteers may have time and energy for tasks that agencies do not have; 

• community members may have knowledge otherwise unavailable to agencies;  

• community-based groups often have a sense of ownership that stimulates them “to go the extra 
mile” in collecting information; 

• public groups can gain access to additional funding; and 

• public groups often have a passion for the resource that paid agency professionals may not have. 
 
There are also limitations to having citizen group participation in ecosystem management:  

• information may be poorly collected and collated or lost because of a lack of experience; 

• information already collected by agencies may be re-collected due to poor communication; 

• incorrect implementation and negative environmental impacts are more likely; 

• community groups may select activities of low ecological effectiveness or low management 
priority; 

• administrative layers dilute effectiveness of funding in some public groups; and 

• unwanted competition between community groups and professionals for funding. 
 

Recent changes in federal policy have undermined the ability of projects like this one to provide data to 
individuals who could use it effectively. The Canadian Government discontinued the Ecological Monitoring 
and Assessment Network (EMAN) in 2010. That appears to be a policy and funding decision rather than a 
lack of need for the kinds of information that can accrue over time. It does, however, mean that the links 
that the federal government once maintained among EMAN sites were severed, and accumulated data 
are no longer as readily available to the public. More effort is required of A Rocha in terms of maintaining, 
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explaining and utilizing data than was previously required of EMAN sites. Yarnell & Gayton (2003) provide 
recommendations for outreach or extension as government funding declines. 
  

In their study of the participation of public stewardship and advocacy groups in the protection of fish 
habitat, Rosenau & Angelo (2001) profiled three groups (Alouette River Management Society [ARMS], the 
Pitt River and Area Watershed Network [PRAWN], and the Burnaby Lake System Project [BLSP]) to 
assess features that made these groups successful. Both ARMS and the BLSP have a monitoring 
component in their work. The BLSP project relies less on citizen volunteers, is guided by faculty and 
students at the B.C. Institute of Technology and works closely with local government, the city of Burnaby. 
Rosenau & Angelo (2001) concluded that the following features made these three groups successful:  

• a history of concern in the community and community support; 

• focus on primary issues (place, feature or species) or message; 

• strong, articulate leadership and passionate, committed members; 

• strong organizational capacity to co-ordinate resources and people; 

• connections with federal, provincial and local governments at the technical, management and 
political level; 

• connections with the media, learning institutions, First Nations, other NGOs or industry to provide 
required leverage or resources; 

• skill at securing funding and 

• inclusion of a broad cross-section of people and interests. 
 
The conservation science program at A Rocha Brooksdale reflects all features summarized in the bullets 
above. This particular project feeds directly into the city of Surrey’s Biodiversity Conservation Strategy 
(BCS). The backbone of the BCS is a system of forest corridors and hubs. This project already has 
provided information used to assess that strategy and has acquired information that will help refinement 
of the strategy. It demonstrates caring for nature through its commitment to documenting the state of a 
small pieces of nature, particularly through the projects imbedded within it on bryophytes and fungus 
(Bunnell et al. 2014a and 2014b). A Rocha interns, local government and others have had opportunity to 
learn not only about the forest itself but also about the forest’s sometimes overlooked smaller pieces, 
such as bryophytes. Similarly, the recording of incidental sightings such as red-legged frogs in a well-
documented environment permits useful contributions to national and provincial programs, such as 
Frogwatch. To ensure information is available to practicing professionals the plots have been listed with 
those from which the BC Forest Service collates data. Given its location within A Rocha it is unlikely to 
experience the typical limitations of community-based projects noted above.  
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Appendix 1. Common and scientific names 

 
Beaked hazelnut Corylus cornuta 
Bigleaf maple Acer macrophyllum 
Bracken fern Pteridium aquilinum 
Clasping twisted stalk Streptopus amplexifolius 
Cooely’s hedge-nettle Stachys cooleyi 
English holly Ilex aquifolium  
European Mountain ash Sorbus aucuparia 
False azalea Menziesia ferruginea 
False lily-of-the-valley Maianthemum dilatatum 
Giant horsetail  Equisetum telmateia  
Himalayan blackberry Rubus discolor 
Lady fern Athyrium filix-femina 
Indian-plum Oemleria cerasiformis  

Licorice fern Polypodium glycyrrhiza 
Paper birch Betula papyrifera 
Indian-plum Red elderberry  
Salmonberry Rubus spectabilis 
Skunk cabbage Lysichiton americanus 
Spiny wood fern Dryopteris expansa 
Sword fern Polystichum munitum 
Three-leaved foamflower Tiarella trifoliata 
Trailing blackberry Rubus ursinus 
Vine maple Acer circinatum 
Western hemlock Tsuga heterophylla 
Western redcedar Thuja plicata 
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Appendix 2. Location and layout of A Rocha Brooksdale forest biodiversity plots  

The stand is on the west side of Little Campbell River at Brooksdale, in Surrey, BC. Sampling regime 
consists of: three permanent 20x20m plots for the tree layer, fifteen 5X5m plots for the shrub layer, and 
fifteen randomly located 1x1m plots for the herb layer. The three macroplots are close together (see 
photo): Latitude 49

o
 2’ 2”; Longitude: 122

 o
 41’ 6” at an elevation of 36m. The site is mature, 2

nd 
-growth 

forest dominated by western hemlock and western redcedar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

Macroplot A-D bearing Slope
1
 

1 137
 o
 37.6 % 

2 123
 o
 4.1% 

3 141 
o
 1.8% 

                1
 Average of 3 measurements 

 
 
Plans for each macroplot show the 0,0 coordinate and 5-m 
increments from which individual 5x5 and 1x1 plots can be 
located. Location of shrub-layer plots (red) and initial herb-
layer plots (blue) in Plot 1 is shown to the right (a larger 
version is found in Figure 2.1). The A-D axis is the base 
reference line. Plans for the other two plots follow.  
 
 
 
 
 
 
 
 

 

The three macroplots are outlined in lime green. On the ground, they are marked by yellow corner stakes. 
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Macroplot 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Macroplot 3 
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Appendix 3. Data for sample trees.  

Species code is: PB = Paper birch, RA = Red alder, WH = western hemlock, WRC = western 
redcedar.  For tree coordinates 0,0 is the southwest corner. 

 
Tree 

No. 

 

Species 

Location 

(X,Y) 

Crown 

base (m) 

Top 

ht (m) 

Crown 

depth (m) 

Crown 

depth (%) 

Dbh 

(cm) 

 

Condition
1 

Plot 1        
1 WH 17.8, 19.75 4.22 7.44 3.21 43.1 21.0 AL 
2 WH 16.8, 19.1 4.62 28.54 23.92 83.8 29.9 AS 
3 WH 18.2, 16.5 3.99 18.70 14.71 78.7 29.5 AS 
4 WRC 18, 16 18.4 30.46 12.06 39.6 73.0 AS 
5 WH 18, 16 8.18 18.54 10.36 55.9 28.8 AS 
6 WRC 20, 11 1.95 26.51 24.56 92.6 66.5 AS 
7 WH 17, 11.8 13.43 34.81 21.38 61.4 64.2 AS 
8 WH 12.7, 12.4 11.89 31.89 20.0 62.7 34.7 AS 
9 WRC 19.4, 8.2 8.58 15.42 6.84 44.3 27.5 AS 
10 WRC 17, 8.5 N/A 10.95 N/A N/A 12.4 DS 
11 WRC 15.3, 4.7 2.08 16.35 14.27 87.3 29.3 AS 
12 WH 14.2, 9.5 16.41 40.95 24.54 59.9 65.8 AS 
13 WRC 13.9, 7.7 1.55 2.5 0.95 38.0 6.5 AL 
14 WH 13.15,8.25 N/A 27.68 N/A N/A 67.0 DB 
15 WH 10.3, 11.5 11.86 33.67 21.81 64.8 55.2 AS 
16 WH 8, 6.5 6.54 15.24 8.7 57.1 23.1 AS 
17 WRC 13.1, 13 2.30 6.38 4.08 63.9 9.6 AS 
18 WRC 1.5, 14.2 10.51 38.35 27.84 72.59 84 AS 
19 RA 0.5, 8.7 18.90 36.60 17.70 48.36 44 AS 
20 RA 0.2, 6.0 20.16 26.23 6.07 23.14 27.5 AS 
21 RA 0, 4.36 16.00 42.80 26.80 62.62 52.5 AS 
22 GF 0, 5.62 9.85 39.38 29.53 74.99 58.5 AS 
23 VM 2.7, 4.12 1 14.75 13.75 93.22 16 AS 
24 WRC 2.5, 1.3, 0.88 9.47 8.59 90.71 14.5 AS 
25 VM 2.5, 11.08 0 6.05 6.05 100 9 AL 
26 WRC 0.2, 14.7 1.50 7.61 6.11 80.29 10.5 DS 
27 RA 4.4, 13.7 NA 6.36 NA NA 24.3 DS 
28 RA 4.2, 19.5 13.55 30.69 17.14 55.85 37.3 AS 

Plot 2         
29 WH 18, 2.15 17.79 30.65 12.86 41.96 47.5 AS 
30 RA 16.2, 4.2 N/A 8.93 NA NA 32.5 DS 
31 PB 18.8, 8.6 NA 26.34 NA NA 43.0 DS 
32 WH 18.8, 8.4 13.00 20.97 7.97 38.01 44.0 AS 
33 WH 17, 13.5 6.90 18.74 11.84 63.16 20.4 AS 
34 WRC 15, 17.8 1.30 22.50 21.20 94.22 30.90 AS 
35 RA 14.5, 14.4 14.00 22.17 8.17 36.85 32.90 AS 
36 RA 16.7, 17.6 12.14 15.64 3.50 22.36 21.00 AL 
37 WH 16.3, 11.8 8.64 20.21 11.57 57.25 29.30 AS 
39 WH 15.4, 18.6 7.51 19.19 11.68 60.86 25.00 AS 
40 WH 15.7, 8.5 NA 21.25 NA NA 43.50 AF 
41 WRC 14, 7.9 1.30 10.60 9.30 87.74 16.50 AS 
42 RA 12.9, 7.85 N/A 6.99 NA NA 23.60 DS 
43 RA 12.4, 5.9 18.50 23.41 4.91 20.97 25.20 AS 
44 RA 8.1, 7.5 18.16 23.48 5.33 22.69 22.80 AS 
45 WRC 9.0, 7.3 8.22 21.27 13.05 61.34 39.60 AS 
46 WH 7.6, 9.0 6.97 17.71 10.74 60.66 24.10 AS 
47 RA 6.1, 8.5 22.00 23.84 1.84 7.71 39.70 AS 
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48 RA 6.0, 4.3 17.79 25.08 7.29 29.08 28.40 AS 
49 WRC 6.1, 3.3 0.70 6.54 5.84 89.30 15.80 AC 
50 RA 1.4, 19.8 16.68 26.25 9.57 36.45 32.90 AS 
51 RA 2.4, 18.3 15.13 20.81 5.68 27.30 30.20 AS 
52 RA 2.7, 14.7 15.51 16.67 1.16 6.96 27.10 AB 
53 WH 1.8, 4.3 12.23 28.35 16.13 56.88 31.50 AS 
54 WH 0.5, 9.4 11.05 21.52 10.47 48.65 27.80 AS 
55 WH 1.4, 10.5 7.76 14.81 7.05 47.61 17.00 AL 
56 WRC 6.3, 0.1 5.49 14.62 9.13 62.47 18.00 AS 
57 RA 6.1, 0.4 19.52 34.32 14.80 43.13 42.20 AS 

Plot 3         
58 WRC 3.26, 1.8 8.34 23.06 14.72 63.84 36.20 AS 
59 RA 3.1, 1.2 24.18 28.68 4.51 15.72 37.80 AS 
60 RA 3.1, 0.8 25.76 32.99 7.23 21.90 30.70 AS 
61 RA 6.8, 4.2 21.37 31.32 9.95 31.76 37.60 AS 
62 WRC 9.35, 2.3 6.51 25.38 18.88 74.36 58.20 AS

2 

63 WRC 4.2, 5.05 9.30 20.16 10.86 53.88 30.80 AS 
64 WRC 4.8, 5.3 4.47 6.55 2.08 31.73 13.50 AC 
65 WH 20, 0.7 6.36 36.19 29.83 82.42 76.00 AS 
66 WRC 2, 3.8 3.18 18.02 14.84 82.36 32.20 AS 
67 WH 4.6, 18.8 14.78 37.62 22.84 60.71 63.20 AS 
68 WRC 7.2, 17.75 2.13 18.48 16.34 88.45 29.50 AS 
69 WH 9.1, 17.5 16.76 29.28 12.51 42.74 35.00 AS 
70 WRC 11.15, 16.8 3.05 16.70 13.65 81.75 27.50 AS 
71 RA 13.75, 16.3 18.90 29.23 10.33 35.33 32.80 AS 
72 WRC 14.7, 15.2 3.35 35.01 31.66 90.42 86.10 AS 

 
1
 AS = standing alive, DS = standing dead, AB = broken alive, DB = broken dead, AL = leaning alive, DL = leaning 

dead, AF = fallen/prone alive, DF = fallen/prone dead, AD = standing alive, dead top, AC = standing, curved  
2
 two stems fused; tree #62  

There is no Tree #38 
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Appendix 4. Stem maps of the three macroplots. 

 

 

 

 

Macroplot 1 

Macroplot 2 
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Appendix 4 continued. Stem maps of macroplots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Macroplot 3 
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Appendix 5.  Percent cover and frequency of species in shrub layer.  

 

Plot # ViMa WeRc SaBe Holly MtAsh PaBi FaAz Huck WeHe Total 

1.1 4 0 10 0 18 0 0 4 0 36 

1.2 0 3 5 10 0 0 0 0 0 18 

1.3 5 0 3 0 0 0 0 0 0 8 

1.4 0 0 20 0 0 16 0 0 0 36 

1.5 2 20 0 10 0 0 0 0 0 32 

 Mean 2.2 4.6 7.6 4 3.6 3.2 0 0.8 0 26 

2.1 0 8 0.5 0 0 0 0 0 8 16.5 

2.2 0 4 0 0 0 0 0 0 0 4 

2.3 0 0 0 0 0 0 0 0 0 0 

2.4 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 0 0 0 0 0 

Mean  0 2.4 0.1 0 0 0 0 0 1.6 4.1 

3.1 45 12 15 0 0 0 0 0 0 72 

3.2 40 0 3 0 0 0 15 2 0 60 

3.3 0 8 25 0 0 0 0 8 0 41 

3.4 10 20 0 0 0 0 0.1 0 0 30.1 

3.5 18 0 0 0 0 0 0 0 0 18 

Mean  22.6 8 8.6 0 0 0 3 2 0 44.2 

Mean (all) 8.3 5 5.4 1.33 1.2 1.1 1 0.9 0.5 24.8 

Freq (all) 7 7 8 2 1 1 2 3 1   
WiMa= vine maple, WrCe = western redcedar, SaBe = salmon berry, MtAsh = European mountain 
ash, PaBi = paper birch, FaAz = false azalea, Huck = red huckleberry, WeHe = western hemlock 
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Appendix 6. Shrub-layer stem data by plot and species: condition (Con)
1
, height (Ht in m), and height to lowest live branch (LLB). Wrc = 

western redcedar, SaBe = salmonberry, ViMA = vine maple, Huck = red huckleberry, MtAsh = European mountain ash, PaBi = paper 
birch, FaAz = false azalea. 

1
Condition: LB = live bushy, LE = live erect (not bushy), LH = live horizontal, LL = live leaning 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Wrc SaBe ViMa Huck MtAsh PaBi FaAz 

Plot Con Ht LLB Con Ht LLB Con Ht LLB Con Ht LLB Con Ht LLB Con Ht LLB Con Ht LLB 

1.1 

   

LB 0.98 0.35 LE 1.35 0.17 LL 1.7 0 LE 3.78 0 

      1.1 

      

LE 1.1 0 

            1.2 LL 1.85 1.7 LB 1.66 0 

               1.2 

   

LB 1.5 0 

               1.3 

   

LB 1.2 0.63 

               1.4 

   

LB 2 0.7 

         

LE 10.8 7 

   1.4 

   

LB 2.3 0.1 

               1.4 

   

LB 1.9 0.95 

               1.4 

   

LB 2.15 0.12 

               1.4 

   

LB 1.2 0.5 

               1.5 LE 4.33 2.2 

                  

                      2.1 

   

LB 0.55 0 

               2.2 base in; leaning out 

                  

                      3.1 LE 1.32 0.52 LB 0.95 0.5 LE 1.18 0.42 

            3.1 
   

LL 0.87 0.5 LE 2.78 0 

            3.1 
   

LL 0.93 0.01 LB 5.543 0.2 

            3.1 
   

LH 1.1 0 

               3.1 
   

LB 1.03 0.44 

               3.1 
   

LB 2.8 0.49 

               3.1 
   

LB 2.41 0.2 

               3.2 LH 2.04 0 LB 0.75 0.02 LE 2.1 0.27 LH 0.85 0 

      

LL 2.05 0 

3.2 
      

LH 2.04 0 

            3.3 LH 2.17 0.7 LB 1.7 0 

   

LB 2.63 0.7 

         3.3 
   

LB 1.16 0 

               3.3 
   

LB 1.54 0.47 

               3.3 
   

LB 1.4 0 

               3.3 
   

LB 2.22 0 

               3.3 
   

LB 1.16 0 

               3.3 LE 4.94 1.16 

   

LE 3.5 0.5 

         

LL 0.55 0.15 

3.4 
      

LE 0.56 0.221 

            3.5 
      

LE 1.54 0.67 

            3.5 
      

LE 3.22 1.22 

            3.5 
      

LE 3.48 0.78 

            3.5 
                     

 

2.77 1.05 

 

1.48 0.48 

 

2.37 0.37 

 

1.73 0.23 

 

3.78 

  

10.8 

  

1.3 0.08 
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Appendix 7. Coordinates of shrub species. Wrc = western redcedar, SaBe = salmonberry, ViMA = 

vine maple, Holly = English holly, Huck = red huckleberry, MtAsh = European mountain ash, PaBi 
= paper birch, FaAz = false azalea.   

Plot Microplot Species Ht (m) X axis(m) Y axis (m) Comment 

1 1 SaBe 0.98 2.2 3.2  
  Holly 0.9 2.4 3.25  
  Holly 0.79 0.85 3.42  
  Holly 2.0 2.45 3.85 in-plot stem 7.5 cm 
  ViMa 1.35 3.05 1.5 dbh 3cm 
  ViMa 1.1 3.2 0.05 split base, nurse log 
  Huck 1.1 3.7 4.1 nurse log 
  MtAs 3.8 1.5 4.45  
       
1 2 WeRc 1.85 2.1 0.35  
  SaBe 1.65 1.2 4.2  
  SaBe 1.5 3.0 4.8  
  Holly  1.7 1.5 2.9  
  Holly 2.42 0.46 4.65  
       
1 3 SaBe 1.2 0.03 0.26  
       
1 4 PaBi 10.8 3.55 0.65  
  SaBe 2.0 4.45 0  
  SaBe 2.3 2.7 1.9  
  SaBe 1.9 3.07 2.15  
  SaBe 2.15 2.3 2.15  
  SaBe 1.2 4.2 4.5  
      Trailing blackberry and 

other species on root wad  
       
1 5 No shrubs     
       
2 1 SaBe 0.55 2.4 2.1 split stem 
       
2 2 WeRc –   –    base in; leans out;  
      coordinates not recorded 
2 3,4,5 No shrubs     
       
3 Continued on next page    



 

COMMUNITY MONITORING OF FOREST BIODIVERSITY Aug 2018 | 31 

Appendix 7 contd. 
 

Plot Microplot Species Ht (m) X 
axis(m) 

Y axis (m) Comment 

3 1 SaBe 0.95 4.77 0.5  
  SaBe 0.87 4.7 0.83  
  SaBe 0.93 4.9 0.93  
  SaBe 1.1 4.24 1.87 nurse log 
  SaBe 1.03 3.5 4.93  
  SaBe 2.8 4.2 3.1  
  SaBe 2.41 2.3 2.54  
  ViMa 1.18 4.75 4.9  
  ViMa 2.78 0.13 4.1  
  ViMa 5.54 2.6 0.45  
  WeRc 1.32 0.47 2.5  
       
3 2 ViMa 2.1 5.0 1.4  
  ViMa 2.04 1.13 2.35 multi-stemmed 
  Huck 0.85 3.76 4.32  
  SaBe 0.75 1.22 4.88  
  FaAz 2.05 3.8 4.38 sprawly 
       
3 3 Huck 2.63 2.6 2.6  
  WeRc 2.17 2.8 1.2  
  SaBe 1.7 3.0 0.5  
  SaBe 1.16 2.29 0.55  
  SaBe 1.54 0.45 1.7  
  SaBe 1.4 0.85 2.4  
  SaBe 2.22 2.26 4.6 on stump 
  SaBe 1.16 2.1 3.4  
       
3 4 ViMa 3.5 1.44 0.32 upright branch 
  ViMa 0.56 3.74 0.73  
  FaAz 0.15 0.21 0.94 heavily browsed  
  WeRc 1.16 4.08 1.11  
       
3 5 ViMa 1.54 3.2 0.52  
  ViMa 3.22 4.6 1.0  
  ViMa 3.48 0.55 2.8  
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Appendix 8.  Percent cover of herb layer by plot and species. 

 

Plot  SpWF SwF Wrc FLoV SaBe LaFe SkCa TrBl ClTs Total 

1.1 55 
 

 15 
   

    70 

1.2 0 100  
    

    100 

1.3 10 
 

20 3 
   

    33 

1.4 60 
 

 2 
   

    62 

1.5 40 
 

 
 

10 
  

    50 

1.6 0 
 

 1 
   

2   3 

2.1 75 
 

4 
    

    79 

2.2 95 
 

 
    

    95 

2.3 98 
 

 
    

    98 

2.4 50 
 

 
    

    50 

2.5 80 
 

 
    

    80 

2.6 50 
 

 
    

    50 

3.1 80 
 

 
    

    80 

3.2 95 
 

 
  

5 
 

    100 

3.3 95 
 

 
    

    95 

3.4 95 
 

 
    

    95 

3.5 99 
 

 
   

5     104 

3.6 40 20  
    

  2 62 

                      

Mean 62.1 6.67 1.33 1.17 0.56 0.28 0.28 0.11 0.11 72.8 

Freq 16 2 2 4 1 1 1 1 1   

 
SpWF = spiny wood fern, SwF = sword fern, FLoV = false lily of the valley, SaBe = salmon berry, LaFe = lady fern, 
SkCa = skunk cabbage, Wrc = western redcedar, TrBl = trailing blackberry, ClTs = clasping twisted stalk 
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Cover illustrations:  
Top: Macroplot 1. White stake used to mark corner of 5x5 m shrub-layer plot above first log (Corey 
Bunnell). Bottom: Macroplot 2: Spiny wood fern understory. White stake used to mark corner of 5x5 m 
shrub-layer plot near centre left (Corey Bunnell). 
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