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Abstract 

Gwaii Haanas National Park Reserve, National Marine Conservation Area 

Reserve and Haida Heritage Site (Gwaii Haanas) has undertaken a riparian restoration 

project on Lyell Island that aims to restore salmon habitat and enhance biodiversity 

values. Past forestry practices in Sandy Creek, Lyell Island have left a dense forest 

canopy and introduced deer have left a depauperate understory. A range of openness 

treatments were used in the riparian forest of Lyell Island, Haida Gwaii, to create a more 

heterogeneous forest structure and light environment in the understory. This research 

examines the understory vegetation community of this ecosystem, as well as the change 

in light environment post-treatment due to the restoration, and one-year-post due to wind 

events throughout the winter. We found that tall stumps left over from logging provide 

important refugia from deer browsing. Mean height and percent cover of vegetation was 

significantly greater on stumps. However, species richness and diversity were greater in 

all ground plots. Mean height was significantly greater within exclosures, than in open 

ground plots. Maintaining exclosures and continuing deer control measures will be 

important if managers wish to restore understory biodiversity within Gwaii Haanas. 

Forest structure variables (basal area, and stand density), as well as light environment 

variables (percent full sun, canopy openness and effective leaf area) changed 

significantly post-restoration due to the treatments. Percent full sun increased in 

similarity to the percent full sun as measured in the old growth comparison in Windy Bay. 

One-year-post restoration showed similar mean values in most variables but higher 

standard deviations for percent full sun due to wind events throughout the winter: more 

similar to the spread of old growth light levels. This research will help inform 

management techniques for future restoration project success in Gwaii Haanas. 

Keywords:  Riparian restoration; understory; light; vegetation response; stump 
refugia; hemispherical canopy photography. 
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Executive Summary  

Ecological restoration is a method used to sustain biodiversity and re-establish 

functioning ecosystems and an ecologically healthy relationship between nature and 

culture.  Situated in Gwaii Haanas National Park Reserve and Haida Heritage Site, Lyell 

Island was heavily logged throughout the last century and the effects of its history are 

still seen in the uniform structure and closed canopy of second growth forests.  The Sitka 

black-tailed deer introduced in 1878 have posed an especially difficult challenge for the 

successful regeneration of understory vegetation in riparian forests. 

Gwaii Haanas National Park Reserve, National Marine Conservation Area 

Reserve, and Haida Heritage Site (herein Gwaii Haanas) have undertaken a riparian 

restoration project on Lyell Island entitled: “Yahgudang dlljuu: a respectful act. Restoring 

the land and honouring the history of Tllga Kun Gwaayaay – Athlii Gwaii (Lyell Island).” 

The project aims to restore salmon habitat and enhance biodiversity values. Adequate 

habitat for salmon migration and spawning requires large woody debris (LWD) instream, 

as well as healthy understory growth to supply LWD in the future. Silviculture treatments 

in surrounding riparian forests such as canopy gap creation allow additional light into the 

understory and will enhance structural diversity, which is important for both the function 

and composition of a forest.   

As part of this restoration project I describe the understory vegetation community 

and the response of understory light environment to restoration treatments. My research 

objectives are as follows:  

• To describe the ecology of plant communities in Sandy Creek, including:  
• the difference between vegetation on stump refugia and ground plots 

open to deer browse;  
• the difference between vegetation within ground plots open to deer 

browse and those within deer exclosures and how vegetation responded 
due to exclosures.  

• To describe the light environment in the understory including:  
• the difference in light before, immediately after, and one year after 

restoration treatments;  
• the difference in light between Sandy Creek and the old growth light 

environment in Windy Bay, Lyell Island;  
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• the difference in light from the restoration treatments as opposed to 
natural disturbance over the course of a year.   

Results of the first research objective are that exclosures have thus far provided 

a faster recovery for understory species than the restoration treatments. Our hope is that 

multiple recovery strategies including: gap creation and thinning; exclosure 

maintenance; and deer control; will work in conjunction with each other to provide a 

successful regeneration of the understory.  

Results from the second research objective are that our restoration treatments 

created a stand with a similar light environment as the old growth comparison. 

Furthermore, wind disturbance over the year helped to increase the variation of light 

closer to old growth variation.  

This research will be of interest for the Ministry of Forests, Lands and Natural 

Resource Operations to add to a limited knowledge field of stumps within second growth 

forests on the west coast of BC. This research will be of interest as well for other coastal 

areas in British Columbia, such as Clayoquot Sound, that have been struggling with the 

uncertainty of natural disturbance in planning restoration treatments such as gap 

creation. Most importantly, this research will serve to inform future research, forest 

management and restoration initiatives happening on Haida Gwaii, specifically in Gwaii 

Haanas. 
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Chapter 1.   
Introduction: Ecology and Management of 
Riparian Forests on Lyell Island, Haida Gwaii.  

Coastal Temperate Rainforests 

Coastal Temperate Rainforests 

Coastal temperate rainforests are globally rare; they cover 0.1% of the globe 

(Kellogg 1995). British Columbia holds more than one-third of the global total of these 

forests and contains some of the only intact watersheds left in the world (DellaSala 

2010). More than 40% of the rainforests throughout the Pacific Northwest have been 

fragmented by human induced land-use activities (DellaSala 2010). Coastal temperate 

rainforests are characterized by high levels of precipitation, mountainous terrain, and 

moderate temperatures (Green & Klinka 1994; Schoonmaker et al. 1997). The coastal 

temperate rainforest is classified under four climatic regions: subpolar; perhumid; 

seasonal; and warm (DellaSala, 2010).  

In general, large, natural stand-replacing disturbances are rare in coastal 

temperate rainforests (Daniels and Gray 2006), with some stands passing many 

generations of trees between major disturbances such as fire (Lertzman et al. 2002). 

Rather, they are dominated by gap-phase dynamics. Gap-phase dynamics is the 

process of canopy gap creation by tree mortality and the ensuing filling of those gaps by 

young trees; over time this creates a heterogeneous forest structure and light 

environment (Bray 1956; Canham et al. 1990; Lertzman et al. 1996; Frazer et al. 2000a; 

Gavin et al. 2003; Griffiths 2010). Windthrow events are also an important 

developmental driver for forests in some areas of temperate rainforest (Kramer et al. 

2001). Intensity of wind disturbance is often a function of exposure and topography; 

wind-protected forests are more likely to exhibit later stages of forest development 

(DeGayner et al. 2005).  
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These disturbance regimes result in old forests with complex forest structure and 

large trees (Arsenault & Bradfield 1995; Franklin et al. 2002; MacKinnon 2003). Large 

diameter trees are of significant ecological importance in coastal temperate rainforests; 

their loss equates to the loss of habitat for many animals and plants, as well as a 

substantial alteration of the dynamics of the entire stand (Lutz et al. 2012).  

Old Growth Forests 

Old growth forests have generally been defined using three different approaches: 

forest age class; structural or biological attributes; and stand dynamics theories (Holt et 

al. 2008). Ecosystem- based management (EBM) implementation on the BC coast has 

used forest age (250 years plus) to define old growth (CIT 2004). However, stand 

attributes (large, old trees; complex horizontal and vertical structure; coarse woody 

debris; etc.) and stand dynamics theory (keeping track of stand development) can be 

much more useful for classifying “old growthness” (Holt et al. 1999; Arsenault & Goward 

2000). 

Old growth coastal temperate rainforests are important economically, culturally, 

and ecologically. The large trees that these forests produce have contributed 

substantially to BC’s economic history. Furthermore, the most massive of these forests 

store among the highest amount of carbon of any forests in the world (Acker et al. 2000; 

Smithwick et al. 2002; Trofymow et al. 2008). Old growth coastal temperate rainforests 

are host to a vastly diverse array of flora and fauna (DellaSala 2010), and are important 

for meeting cultural and spiritual needs (Kanowski 2009). Coastal First Nations 

communities in British Columbia have used these forests for thousands of years for 

housing, clothing, transportation, medicine, spiritual guidance and sanctuary (Turner 

2004).  

Riparian Forests  

Riparian forests are those occurring adjacent to streams, lakes and wetlands. 

Riparian forests yield some of the highest canopy volumes on earth (Van Pelt et al. 

2006). These rich valley bottoms are diverse in both species composition and physical 

structure (Gregory et al. 1991; Pabst and Spies 1999; Smith 2005). Furthermore, 

riparian areas have distinctive microclimatic conditions such as air temperature, soil 
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temperature, wind speed and solar radiation, and these conditions are significantly 

altered when forest harvesting near the stream occurs (Brosofske et al. 1997). Riparian 

forests link terrestrial and marine ecosystems to such an intricate degree, the name 

“hydroriparian ecosystem” describes this relationship more aptly (Clayoquot Sound 

Scientific Panel 1995). Streams benefit from riparian forests by receiving regulated 

inputs such as nutrients, solar radiation and large wood (Lienkaemper & Swanson 1987; 

Gregory et al. 1991; Naiman et al. 2000; Poulin et al. 2000a; Acker et al. 2003). 

Furthermore, salmon-derived nutrients are significant to plants and animals in areas with 

healthy salmon populations (Riemchen et al. 2003; Schindler et al. 2003; Field & 

Reynolds 2011).  

Low elevation forests and riparian systems in BC’s Central Coast have been 

preferentially targeted for forest harvesting over the past century (Pearson 2010). Due to 

complex terrain and lower productivity on the rest of the land base, commercially viable 

logging is constrained to a small percentage of the land base, often the low elevation, 

easily accessible valley bottoms (Green 2007). Eighty-one percent of logging in the 

Central Coast of British Columbia occurred in valley bottoms (Pearson 2010). 

Furthermore, early forest harvesting activities left no riparian buffer (Poulin et al. 2000a). 

This has damaged stream morphology and salmon habitat along many streams on BC’s 

coast (Schoonmaker et al. 1997). 

Second Growth Forests 

Second-growth forests resulting from forest harvesting differ significantly from 

old-growth forests in composition, structure, and function (Alaback 1982; Banner & 

LePage 2008; Gerzon et al. 2011). Compositionally, species richness doubles for shrub 

and herb cover and is more diverse (0.81 to 0.91 Simpson’s index of diversity) in old-

growth forests than second-growth forests (Banner & LePage 2008). In southeast 

Alaska, ferns and bryophytes dominate the understory for the first century after harvest 

with shrub species becoming more prevalent after the first century, when dense second 

growth canopies begin to open (Alaback 1982). Structurally, stem density decreases 

while average tree diameter at breast height (DBH) increases from second growth to old 

growth (Gerzon et al. 2011). Often, second growth stands have few snags >50cm DBH 

and no snags >100cm DBH and coarse woody debris biomass (CWD) may not reach the 
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old growth average after over 220 years (Gerzon et al. 2011). It may take 200 years or 

more, without active intervention, to develop the diverse compositional and structural 

components of old growth that result in its functionality in providing quality wildlife habitat 

(Chan et al. 1996). For example, fish and wildlife habitat is dependent on the functions 

and characteristics of old forests that were discussed earlier (large conifer trees, a 

complex stand structure, and long-lived species that can provide stability to 

streambanks, channels and floodplains; Poulin et al. 2000a).  

Ecological Restoration 

In coastal BC, riparian forests have been logged extensively, and the first attempt 

at guidelines for restricting logging in riparian areas only came in 1986 with the Coastal 

Fisheries/ Forestry Guidleines (Poulin et al. 2000a). Even then, it was not until the 

Forestry Code in 1995 the riparian areas were legally protected within reserve zones. 

Since so much of BC’s riparian areas had been logged prior to the Code, a substantial 

portion of those are in need of restoration.  

Ecological restoration can be described as “the process of repairing damage 

caused by humans to the diversity and dynamics of indigenous ecosystems” (Jackson, 

L.L. et al. 2006). Structural diversity is important for both the function and composition of 

a forest (Franklin et al. 2002). The enhancement of structural diversity through 

restoration can speed recovery of both plant and wildlife communities. Some common 

riparian restoration treatments in coastal BC include: thinning, to increase conifer 

diameter growth; removing overstory to release understory conifers and vegetation; and 

manipulating stand structure for biodiversity and wildlife such as variable density thinning 

or creating gaps (Poulin et al. 2000a). These types of silvicutural treatments create a 

more heterogeneous forest structure and light environment in the understory, which 

enhances understory vegetation biodiversity (Newton et al. 1996; Baily et al. 1998; 

Poulin & Simmons 1999; Poulin et al., 2000a).   

Information Gaps 

Greater knowledge is still needed about both coastal temperate rainforests in 

general and riparian forests in particular (Hanely & Hoel 1996; Pabst & Spies 1998; Van 

Pelt et al. 2006; DellaSala 2010; Giesbrecht 2010; Lertzman & MacKinnon inpress). In-
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depth knowledge of coastal temperate old growth structural characteristics is still limited 

(Gerzon et al. 2011). More specifically, biological and physical research and monitoring 

of riparian restoration techniques and projects are limited (Poulin et al. 2000a; Roni et al. 

2002). Furthermore, hemispherical canopy photography has not been used to describe 

the light environment in the forests of Haida Gwaii. As well, no peer-reviewed literature 

exists on the ecological phenomenon of stump refugia in Haida Gwaii and there is a very 

limited body of literature on the role of stumps in second growth forests, globally 

(Abrahamsson 2007; Arsenault 2002; Meggs et al. unpubl.).  

In general, more information about an ecosystem will help guide better 

management of that ecosystem. For example, Naiman et al. (2000) show that greater 

understanding of the ecology of riparian zones in recent decades has led to better 

management of riparian ecosystems. Greater understanding of the natural disturbance 

history of a watershed and its structural and ecological characteristics can help to inform 

ecologically appropriate restoration techniques (Naiman et al. 2010). Furthermore, 

regionally specific knowledge is required to plan and implement effective restoration 

projects. Specifically, this research will provide quantitative data on the characteristics of 

understory vegetation and the response of canopy light to riparian restoration treatments 

in second growth floodplain spruce forests. The research is also applicable to current 

management issues in Haida Gwaii as they work to implement forest management 

policies within an Ecosystem Based Management framework. More broadly, the 

research is applicable to our understanding of riparian dynamics in coastal temperate 

rainforests and how the ecosystems of Haida Gwaii fit amongst other studies in the 

Pacific Northwest.   

Chapter Organization 

The research project will be presented in three chapters:   

Chapter One provides a general introduction to the research by providing: an 

ecological overview of coastal temperate rainforests, old growth forests, riparian forests, 

and second growth forests; a background on ecological restoration; a description of the 
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study area; a brief history of introduced deer on Haida Gwaii; a description of the Lyell 

Island restoration project; and the objectives and purpose of the research. 

Chapter Two examines the concept of “stump refugia” and their potential role in 

allowing the understory to persist despite intense browse pressure from deer. In this 

chapter I describe the characteristics of stump refugia and their associated vegetation 

communities, how stump and ground vegetation communities differ, and how vegetation 

communities differ in ground plots with and without deer exclosures.  

Chapter Three examines the understory light environment pre, post, and one-

year post restoration. In this chapter I describe the riparian restoration treatments, the 

change in forest structure and the change in the light environment due to the restoration 

treatments, and one year after restoration treatments due to wind effects over the course 

of the year.  

Study Area 

The restoration project, and the study site for this research, is located on Lyell 

Island, in the southeast of Haida Gwaii, within Gwaii Haanas National Park Reserve, 

National Marine Conservation Area Reserve and Haida Heritage Site (herein “Gwaii 

Haanas;” 53deg 41’ 58” N, 131deg 35’ 14” W; Fig.1.1). Haida Gwaii is a remote 

archipelago off the northwest coast of BC.  

Haida Gwaii 

Haida Gwaii falls within the perhumid temperate rainforest, which extends from 

the northern tip of Vancouver Island to southeast Alaska (Schoonmaker et al. 1997). A 

history of intensive forestry activity on Haida Gwaii throughout the last century has led to 

a degraded stream morphology, and a dense, homogeneous forest canopy. Over the 

past century, 168,750 hectares of forest area (101,033,929 m3 of wood) was harvested 

on Haida Gwaii (Gowgaia Institute 2007). This equates to the loss of 65% of good and 

medium forest sites in Haida Gwaii, and 74% on the Skidegate Plateau, where most 

logging has occurred (Gowgaia Institute 2007).  
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Climate, geology, and soils play a foundational role in vegetation assemblages in 

terms of moisture and nutrient availability (Meidinger & Pojar 1991). The average annual 

precipitation in Haida Gwaii is 1,359mm and falls mostly as rain (Golumbia 2007). The 

area has cool wet summers and very wet cold winters. The average annual temperature 

is approximately 8°C, and has an intra-annual fluctuation of about five degrees (MIEDS 

2011). The area is mostly underlain by volcanic and intrusive granitic rocks, with the 

southeastern peninsula underlain by sedimentary rocks (Westland Resource Group 

1994). Soils are highly influenced by precipitation levels, and experience weathering and 

leaching which result in Podzolic soils. They also experience a gradual build-up of 

organic matter due to slow decomposition rates and high moisture levels. Organic 

veneers and blankets are common, as are high water tables and poor drainage. Peat 

develops on some level terrain and is found on slopes up to 50% gradient. On water-

shedding slopes, shallow Podzols and well-drained Folisols are present (Golumbia 

2007).  

The vegetation of Haida Gwaii has been described previously and has focused 

primarily on mature forest communities (Calder & Taylor 1968; Meidinger & Pojar 1991; 

Westland Resource Group 1994; Golumbia 2007). A large number of species are 

endemic to Haida Gwaii. These endemic species most likely survived through glacial 

refugia, and could also have arrived post-glacially (Golumbia 2007). In the later case, it 

is suggested that species benefitted from the advanced ecological succession of island 

communities (Reimchen 2005). Previous studies have helped to provide a baseline for 

both understory vegetation and forest structure in Gwaii Haanas. Exclosure studies 

(Golumbia 1999) and studies on the effect of deer browse on vegetation (Gaston et al. 

2008) increasingly show the divergence between the natural vegetation assemblage and 

structure and its current depauperate state. The understory in some places is almost 

completely void of herb, fern, shrub, or young tree. In fact, there are only a few places 

where there is substrate high enough for understory vegetation to grow. Deer consume 

many culturally important plants such as Pacific crab apple (Malus fusca), huckleberry 

and blueberry (Vaccinium sp.), false azalea (Menziesia ferruginea), salmonberry (Rubus 

spectabilis), Nootka rose (Rosa nutkana), salal (Gaultheria shallon), devil’s club 

(Oplopanax horridus), sword fern (Polystichum munitum), deer fern (Blechnum spicant), 
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skunk cabbage (Lysichiton americanum), and foamflower (Tiarella trifoliata) (Gaston et 

al. 2008).  

Lyell Island and the Creation of Gwaii Haanas 

Lyell Island sits on the Skidegate Plateau physiographic region and is within the 

Coastal Western Hemlock Submontane Wet Hypermaritime variant (CWHwh1; Fig. 1.1; 

Green & Klinka 1994). On Lyell Island, thirty-three percent of its forests and forty-four 

percent of its riparian forest has been logged. Lyell Island is thus considered “high-risk” 

in its riparian forest watershed condition risk assessment (Gowgaia Institute 2007). The 

canopy of Lyell Island is dominated mainly by western hemlock (Tsuga heterophylla 

(Raf.) Sarg.), with Sitka spruce (Picea sitchensis (Bong.)) and western redcedar (Thuja 

plicata Donn.) as co-dominant tree species.  

The understory vegetation on Lyell Island is depleted due to forest harvesting 

and the introduction of Sitka black-tailed deer (Odocoileus hemionus sitkensis). Due to 

intense deer browse, the understory is characterized mainly by moss species such as 

lanky moss (Rhytidiadelphus loreus), and step moss (Hylocomium splendens). Herb and 

shrub species persisting on the ground include: single delight (Moneses uniflora); 

twayblade (Listera sp.); lady fern (Athyrium filix-femina); deer fern (Blechnum spicant); 

spiny wood fern (Dryopteris expansa); and red huckleberry (Vaccinium parvifolium). In 

general, individuals of these species exist in a constantly browsed state. In complex 

terrain, or on substrate higher than approximately 1.5m (deer browse-line), other 

understory species persist, and are able to grow large enough to reproduce. Large 

stumps left over from logging are generally tall enough to provide a substrate for 

understory vegetation to grow. These ecological structures are referred to as “stump 

refugia.” 

Lyell Island, or Tllga Kun Gwaayaay in the Haida language, has an important role 

in the history of the Haida people and in their regaining governance of their lands. Forest 

harvesting on Lyell began in the early 1900s and reached its apex in the mid-1980s 

(Gowgaia Institute 2007). Around this time, the Haida people and many non-Haida 

became concerned about the intensity and manner of the logging. In 1985, Haida elders 

joined younger generations to protest the logging on Lyell Island. The Lyell Island 
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protests served to bring significant national and international attention to the logging of 

old growth forests in Haida Gwaii, which eventually led to the signing of the Gwaii 

Haanas Agreement between the Government of Canada and the Council of the Haida 

Nation in 1993. The agreement designated the area as a National Park Reserve 

managed cooperatively by Government of Canada (Parks Canada) and the Council of 

the Haida Nation (Gwaii Haanas 2008). In 2010, the National Marine Conservation Area 

Reserve was added, which extended the protected area to the seafloor in the 

surrounding waters.  

Sandy Creek 

The study sites in Sandy Creek are located on medium to high bench riparian 

floodplain sites, dominated by Sitka spruce (Fig. 1.2). Its vegetation assemblage is the 

same as other areas on Lyell Island, and is described in the section above. See Table 

1.1 for a list of tree, shrub, and herbaceous species in Sandy Creek. A complete species 

list including mosses can be found in Appendix 1.  

The study area in Sandy Creek, Lyell Island, was harvested in the early 1940s 

(Gowgaia Institute 2007). Riparian logging regulations did not exist and many streams 

were cut to their banks, including Sandy Creek. Its stream morphology has been 

damaged by the harvesting practices (Ray 2010). The stream is straighter and faster 

than prior to logging and no longer provides adequate salmon habitat. The second 

growth forest has regenerated as a dense, homogenous Sitka spruce stand of 

approximately 30m in height, on average. The dense canopy and intensive deer browse 

has impacted the understory to the extent that, without active intervention, this forest will 

have difficulty providing the structural and compositional elements in the future to 

function as per pre-harvest.   

Introduced Deer on Haida Gwaii  

Sitka black-tailed deer (Odocoileus hemionus sitkensis) were first introduced in 

1878 at the north end of Haida Gwaii as additional food source. These deer have 

intensively browsed the understory herbs and shrubs in Haida Gwaii, leaving a carpet of 

moss as the dominant understory vegetation (Martin et al. 2010). With no predators, the 
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deer population is unchecked and deer have spread throughout all but the most isolated 

islands.  

It is uncertain exactly when deer where introduced to Lyell Island.  Vila et al. 

(2004) reconstructed browsing history to determine when deer where introduced to a 

number of small islands just north of Lyell Island. They determined deer had been 

present since the 1950s or 1960s. The introduction of deer to Lyell Island could have 

occurred around the same time.   

Understory vegetation has been severely reduced by the presence of these deer 

(Bartier et al. 2007; Gaston et al. 2006, 2008, 2010; Martin et al. 2010, 2011; Stroh et al. 

2008). For example, Stroh et al. (2008) show that redcedar seedling survival and growth 

is lowered by deer populations. Gaston et al. (2006) illustrate a reversal of the normal 

species-area and species-isolation relationships such that larger, less isolated islands 

support fewer plant species as a result of deer browsing. Furthermore, reduction of 

understory vegetation through deer browse has also had substantial impacts on other 

taxa, such as understory invertebrates and shrub dependant songbird communities 

(Gaston et al. 2006; Martin et al. 2010).  

Stump Refugia 

In the early 1900’s in BC, the biggest and most accessible trees were harvested, 

which meant riparian areas were the main focus for logging. During this time, 

springboard logging was used to fall the old growth trees to get above the wide bases 

that were harder to cut through (A. Pearson 2010). Those old growth trees now exist as 

large stumps surrounded by second growth forests, and are referred to as “stump 

refugia.” These stumps can provide refuge for understory plant species by serving as 

substrate tall enough to protect plants from deer browse, and thus serve as islands of 

habitat. There is limited documentation of the vegetation communities stump refugia 

maintain, or of the extent to which these refugia can be relied on to maintain a viable 

understory assemblage.  

Some research on stump refugia on Haida Gwaii has been conducted or is 

underway. Holmes (2010) found that percent cover of understory vegetation was only 
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significantly greater on stumps in forests more than 60 years old. Percent cover was 

greater on the forest floor in forests 10 and 30 years old. Additionally, the Research 

Group for Introduced Species (RGIS) is currently investigating how the understory 

community changes with proximity to stumps (Chollet pers. com 2010). However, results 

are not available at this time. Lastly, students of the Haida Gwaii Higher Education 

Society have conducted some exploratory studies on understory vegetation and stump 

refugia. The summary of these results showed support for the concept of stump refugia: 

culturally significant plants showed a significantly higher presence on stumps (Sherlock 

unpubl.); and a negative relationship was found between log height and evidence of deer 

browse (Marshall-Hill unpubl.) 

Lyell Island Restoration Project 

A mandate of Gwaii Haanas is to preserve biological diversity (Gwaii Haanas, 

2008). Understory plants are essential to the traditional Haida way of life. Gwaii Haanas 

has undertaken a riparian restoration project on Lyell Island, Haida Gwaii. The 

restoration project is entitled “Yahgudang dlljuu: a respectful act. Restoring the land and 

honouring the history of Tllga Kun Gwaayaay – Athlii Gwaii (Lyell Island).”  The 

restoration project has a number of components including restoration treatments for both 

in-stream locations and the surrounding riparian forest, research and monitoring, and 

community engagement.  

Research Objectives: 

This research focuses on vegetation and light response to the riparian restoration 

treatments. Although the one-year timeline of this study is not long enough to analyze 

vegetation response due to restoration treatments, the research describes baseline 

conditions in depth for future monitoring, as well as the vegetation response due to built 

deer exclosures. I used hemispherical canopy photography (HCP) to assess the utility of 

structural manipulations to restore old growth light conditions.  

The goals of this research are: 
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• to explore the influence of  “stump refugia” and the impact of deer browsing on 

understory vegetation in Sandy Creek, Lyell Island; and 

• to explore the effects of restoration treatments, such as canopy gap creation, on 

forest structure and understory light in Sandy Creek, Lyell Island. 

This research will serve to inform future research and is intended to provide 

insight to the restoration initiatives occurring on BC’s coastal areas, in Haida Gwaii and 

specifically in Gwaii Haanas National Park Reserve and Haida Heritage Site.   
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Tables and Figures 

Tables 

Table 1.1 Species list: all species present in vegetation plots, listed by code, 
scientific name, common name and whether the species was found 
only on stumps, ground, or both.  

Species Present on Stumps Only 

Latin Name Common Name S/ G Code (Fig. 2.3) 
Gaultheria shallon Salal S GAULSHA 
Maianthemum dilatatum False lily-of-the-valley S MAIADIL 
Polypodium glycyrrhiza Licorice fern S POLYGLY 
Sambucus racemosa Red elderberry S SAMBRAC 
Vaccinium alaskaense Alaskan blueberry S VACCALA 
Vaccinium ovalifolium Oval-leaved blueberry S VACCOVA 

Species Present on Ground Only 
Athyrium filix-femina Lady fern G ATHYFIL 
Blechnum spicant Deer fern G BLECSPI 
Claytonia siberica Siberian miner’s lettuce G CLAYSIB 
Clintonia uniflora Queen’s cup G CLINUNI 
Galium triflorum Sweet-scented bedstraw G GALITRI 
Linnaea borealis Twinflower G LINNBOR 
Polystichum munitum Sword fern G POLYMUN 
Stachys cooleyae Cooley’s hedge-nettle G STACCOO 
Tiarella trifoliata Foamflower G TIARTRI 
Viola biflora ssp. carlottae Queen Charlotte twinflower violet G VIOLBC 

Species Present on both Stump and Ground 
Dryopteris expansa Spiny wood fern G/S DRYOEXP 
Listera sp. Twayblade G/S LIST 
Menziesia ferruginea False azalea G/S MENZFER 
Moneses uniflora Single delight G/S MONEUNI 
Rubus spectabilis Salmonberry G/S RUBU SPE 
Picea sitchensis Sitka spruce G/S SITKSPR 
Vaccinium parvifolium Red huckleberry G/S VACCPAR 
Tsuga heterophylla Western hemlock G/S WESTHEM 
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Figures 

 

Figure 1.1 Map of Haida Gwaii, British Columbia. 
 Lyell Island is situated in the south-east of Haida Gwaii, in Gwaii Haanas National Park 

Reserve, Haida Heritage Site and National Marine Conservation Area Reserve (Gwaii 
Haanas). Our study site is Sandy Creek, Lyell Island, located inside the black box in the 
picture on the bottom right.  



 

15 

 

Figure 1.2 Transect Locations in Sandy Creek.  
 Figure shows locations of each stump within treatment and control transects.  
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Chapter 2.   
Stumps on Lyell Island, Haida Gwaii: refugia for 
understory vegetation from deer browsing 

Introduction 

Introduced species and habitat loss are the two largest threats to native species 

worldwide (Wilson 1992). The introduction of large mammalian herbivores to any 

ecosystem is especially damaging and can have far-reaching direct and indirect impacts, 

(Hobbs 1996; Vàsquez 2002). Intensive browsing can reduce plant cover and density, 

alter the cycling of carbon and nutrients, and even change the forest canopy over time 

(Rooney & Waller 2003; Côté et al. 2004). Other impacts of browsing include local 

extinction of seed sources, and difficulty re-establishing species (Coombs et al. 2003). 

Furthermore, browsing pressure from herbivores has cascading effects on other species, 

including invertebrate and songbird communities, by direct competition for resources and 

by indirectly changing the structure and composition of habitat  (Côté et al. 2004; Gaston 

et al. 2006; Martin et al. 2010).   

Sitka black-tailed deer (Odocoileus hemionus sitkensis) were introduced to Haida 

Gwaii, British Columbia, at least five times between 1880 and 1925 by the BC Game 

Commission. The population has thrived with no major competition or predation threat 

and deer have spread to virtually every island in the archipelago, except for a few small, 

remote islands (Golumbia 1999). It has been estimated that deer extended their range 

south to our study site, Lyell Island, sometime after 1925 (Vila et al. 2004; Gaston et al. 

2008). Research has shown that the deer on Haida Gwaii have a significant effect on the 

understory vegetation. Western redcedar (Thuja plicata Donn.) seedling survival and 

growth are negligible and western hemlock (Tsuga heterophylla (Raf.) Sarg.) and Sitka 

spruce (Picea sitchensis (Bong.)) are often severely stunted in growth (Stroh et al. 2008; 

Vila et al. 2002, 2003; Gaston et al. 2008).  Shrub and herb communities are also 
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severely impacted, leaving the forest understory a groomed carpet of moss (Daufresne 

& Martin 1997; Gaston et al. 2008).  

Decomposing woody debris enhances soil nutrient levels and contributes to the 

structure and function of an ecosystem as habitat, refugia, and as a source of nutrient 

input (Harmon et al. 1986; Stevens 1997; Bunnel et al. 2002; Sucre & Fox 2009; 

Hannam 2012). Although much research has focused on the importance of coarse 

woody debris, very few studies have examined, specifically, the role that stumps created 

from logging play in forest ecosystems (Meggs et al., in progress). There has been 

increasing interest in harvesting residues from logging (i.e. stumps and logs) in Europe 

for some time, and recently in BC (Rudolphi et al. 2011).  

Stumps created from logging in the early 1900s are generally tall (2-6m), and 

therefore provide a substrate tall enough for vegetation to grow above the height that 

deer can browse (the ‘browse line’, approximately 1.5m). The term “stumps” is used 

herein to describe these remaining ‘high stumps’ of large trees cut from logging in the 

20th century. Understory vegetation can escape browse pressure on root masses, 

stumps, and areas of high blow-down or where movement would be difficult for deer. In 

Sandy Creek, the forest is relatively protected from the wind and there are no areas of 

large blow-down. Furthermore, root masses are rare. Some remnant root masses are 

present from pre-logging, as are a few recent small blowdowns (1-5 trees) along the 

streambank, but these are not common. The large diameter stumps left over from 

logging are the most frequent structure in this system that is available for vegetative 

growth out of deer’s reach. In effect the stumps are acting as habitat islands for 

understory species in a sea of constant deer browse, and are thus referred to as “stump 

refugia” (A. Pearson pers com. 2010). Plant communities differ on stumps and on the 

ground (Kennedy & Quinn 2001). However, there has been limited research focused 

specifically on describing plant communities existing on stump refugia in Haida Gwaii, 

BC (Holmes 2010; Chollet pers com. 2010).  Gwaii Haanas National Park Reserve and 

Haida Heritage Site (herein referred to as “Gwaii Haanas”) is interested in the natural 

history of these stumps since they are a key aspect of the forest ecosystem. Further, 

Gwaii Haanas is interested in the role these stumps may play in restoration of the 

riparian forest and its understory.  



 

18 

Two important limiting factors for understory growth in this system are deer 

browse and understory light. Forest restoration efforts such as gap creation can aid 

understory growth by creating a more favourable light environment (Franklin et al. 2002; 

Drever 2005). Measures such as deer exclosure and deer population control can help 

understory vegetation become re-established. Stump refugia may also provide an 

important role for re-establishing understory vegetation by providing a seed source for 

the regeneration of understory plants. Gwaii Haanas National Park Reserve and Haida 

Heritage Site (Gwaii Haanas) is interested in the natural history of these stumps since 

they are a key aspect of the forest ecosystem. Further, Gwaii Haanas is interested in the 

role these stumps may play in restoration of the riparian forest and its understory, and 

whether gap creation should be focused around stump refugia. 

On Lyell Island, Haida Gwaii, the impacts of introduced deer are compounded by 

the effects of forest harvesting activities over the last century. The dense canopy that 

has regenerated after riparian harvesting creates low levels of light in the understory, 

which is an additional limitation for the growth of understory vegetation growth. Forest 

restoration techniques such as gap creation have been found to aid understory growth in 

other systems by creating a more favourable light environment (Franklin et al. 2002; 

Drever 2005). Gap creation treatments specifically centered on stump refugia on Lyell 

Island may add additional benefits by providing a more favourable light environment to 

the understory vegetation already established on stumps. These habitat islands, 

equipped with more favourable light conditions, could perhaps act as prolific seed 

sources and speed the recovery of surrounding ground vegetation communities. 

This research is part of a restoration project on Lyell Island, entitled “Yahgudang 

dlljuu: a respectful act. Restoring the land and honouring the history of Tllga Kun 

Gwaayaay – Athlii Gwaii (Lyell Island),” which aims to restore the health of riparian 

forests and salmon-bearing streams on Lyell Island (Gwaii Haanas 2008).  Deer pose a 

challenge to the successful regeneration of riparian forests in Haida Gwaii (Gaston et al. 

2006; Martin et al. 2010). In this chapter I explore the extent to which stumps provide 

understory refuge and the characteristics enabling them to do so. To address these 

overarching themes, this chapter asks:  
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1. What are the biophysical characteristics of stumps in Sandy Creek, Haida Gwaii, and 

is percent cover of vegetation correlated with any of these characteristics? 

2. How does the vegetation community on stumps differ from the vegetation community 

on the ground which is open to deer browse, both compositionally and structurally?  

3. How does the ground community differ in vegetation growth between plots open to 

deer browse and plots protected from browsing through built deer exclosures?  

 We expected that stump characteristics would have an effect on the percent of 

shrubs growing on stumps. We also expected a greater mean height, percent cover and 

number of individuals on stumps. We did not expect to see any response in ground 

vegetation over one year in open ground plots, nor in exclosures. 

Study Site and Methods 

Study Area 

Haida Gwaii is a remote archipelago off the north west coast of BC (Fig. 1.1). 

Lyell Island is situated off Haida Gwaii’s south east coast, within Gwaii Haanas’ 

protected area boundaries. Average annual precipitation of 1,359mm falls mostly as rain 

(Golumbia 2007). The area has cool, wet summers and cold, very wet winters. The 

average annual temperature is approximately 8°C, and has an intra-annual fluctuation of 

about five degrees (MIEDS 2011). Lyell Island sits on the Skidegate Plateau 

physiographic region and is within the Submontane Wet Hypermaritime Coastal Western 

Hemlock variant (CWHwh1) (Green & Klinka 1994).  

The study sites in Sandy Creek are located on mid bench riparian floodplain 

dominated by Sitka spruce (Picea sitchensis (Bong.); Fig. 1.2). Due to intense deer 

browse, the understory is characterized mainly by moss species such as lanky moss 

(Rhytidiadelphus loreus), and step moss (Hylocomium splendens). Herb and shrub 

species persisting on the ground include: single delight (Moneses uniflora); twayblade 

(Listera sp.); lady fern (Athyrium filix-femina); deer fern (Blechnum spicant); spiny wood 

fern (Dryopteris expansa); and red huckleberry (Vaccinium parvifolium). In general, 

individuals of these species exist in a constantly browsed state. In complex terrain, or on 
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substrate higher than approximately 1.5m (deer browse-line), other understory species 

persist, and are able to grow large enough to reproduce. These species that have been 

mostly confined to stump substrates include: false lily-of-the-valley (Maianthemum 

dilatatum); salal (Gaultheria shallon); red elderberry (Sambucus racemosa); Alaskan 

blueberry (Vaccinium alaskaense); and oval-leaved blueberry (Vaccinium ovalifolium). 

Table 1.1 lists species found only on stumps, only on the ground, and those that were 

found on both substrates. See Appendix 1 for a complete species list including mosses. 

Restoration Treatments 

Riparian forest restoration treatments (overstory tree removals) were located 

adjacent to areas requiring in-stream restoration, as assessed by Northwest Hydraulic 

Consultants (Ray 2010). The objectives for restoration treatments were to create gaps in 

the canopy to encourage faster growth of larger diameter trees and understory 

regeneration (Bancroft & Zielke 2002). Riparian forest restoration treatments were 

centered around “stump refugia” to encourage the potential of greater understory 

propagation from seed sources on stumps.  To mimic old growth gap sizes, we planned 

our treatment to remove 1- 10 trees around each stump (Lertzman et al. 1996). Although 

the restoration treatments (canopy openings) do not affect the research described in this 

chapter, they impacted how our research was designed. Trees were felled in July 2010.  

Research Design 

The research design was guided by the goal for the riparian forest treatments to 

provide large woody debris for the creation of in-stream structures. In this way, no 

additional material needed to be brought in for in-stream structures, and wood did not 

need to be moved a large distance. Therefore, each riparian forest treatment transect 

was located perpendicular to a planned in-stream treatment location (as prescribed by 

Ray 2010). At three in-stream restoration locations (100m, 300m, and 380m from tidal 

influence), 30m wide by 100m long treatment transects (.30ha) were set-up 

perpendicular to the stream (Fig. 2.1A). Within this area, only stumps 20m apart, starting 

from the first encountered, were included for sampling. Preliminary research suggests 

that 20m maintains statistical independence for canopy light (Roburn 2003). Control 
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transects were located in between treatment transects, with a minimum of 100m 

distance between any two transects (Fig. 2.1A).  

A total of 16 stumps within three treatment transects (T) and 16 stumps within 

four control transects (C) were selected for sampling. Stumps were chosen that had a 

flat top, indicating that they had been logged, were tall enough that deer could not reach 

them (approximately 1.5m), and were less than or equal to 5m in height (stumps taller 

than 5m could not safely be sampled).  

At each stump, in both the treatment areas and control areas, data were 

gathered from three plots, the stump (Stump; S), and two associated ground plots: one 

open to deer browse (Open Ground; G); and one within a built deer exclosure (Exclosed 

Ground; E; Fig. 2.1B). I collected data on the characteristics of the stump itself, the 

vegetation community on top of the Stump, and the vegetation community within the 

Open Ground plot and the Exclosed Ground plot.  

Stump plot 

Stump characteristics were described by species, diameter at breast height 

(DBH), height, top diameter, decay class and volume. These characteristics were 

chosen to be described due to their possibility of affecting percent cover of vegetation. 

For example, difference in stump heights (taller than the deer browse line) could affect 

light or moisture availability. Similarly, top diameter reflects the total surface area 

available for growth. 

We identified the species of stumps from the shape of the bole, bark remnants 

where available, and the shape and colour of decaying wood. DBH was measured using 

a standard DBH tape and was measured at 1.3m from point of growth. Height was 

measured from the point of highest ground to the top of the stump. Top diameter was 

measured twice, once north-south and once east-west. These two measurements were 

averaged. Decay class was measured using the decay classes for coarse woody debris 

in Table 7.1 of Field Manual for Describing Terrestrial Ecosystems and ranged from 1 

(intact, hard), to 5 (many small pieces, soft portions) (BC Ministry of Forests and Range, 

2010). Volume was calculated in the lab and is explained below in Data Analysis.  
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On the top of stumps we gathered vegetation data (see details in Vegetation 

Data below) and took canopy light data using hemispherical canopy photography. 

Canopy photo data was not used in the analysis for this chapter. Analysis of canopy 

photo data is described in Chapter 3. These data were collected by climbing a 6m 

extendable ladder leaning against the stump.  

Ground plots 

The two ground plots (2x2m) at each stump were established at a random 

bearing and random distance 2-5m away from each stump. This distance was decided in 

order to avoid sampling plants associated with the base of the stump (Kennedy & Quinn, 

2001), and to stay within similar light conditions (Lertzman pers com. 2010). In all ground 

plots vegetation data and canopy light data was collected. Canopy photo data was not 

used in the analysis for this chapter. Analysis of canopy photo data is described in 

Chapter 3.  

To create the exclosures, we built a deer fence around the second randomly 

chosen plot at each stump, unless topography or surrounding trees made building the 

exclosure impossible, then the exclosure was built around the first plot. Out of a total of 

40 exclosures built (20 in treatment areas and 20 in control areas), 15 were built of 

strong plastic material with wooden stakes and 25 were built of garden netting material. 

The latter material was used due to funding constraints, and was not as sturdy. During 

the winter of 2011, multiple severe wind storms occurred. I conducted an exclosure 

survey in May 2011 to inventory the damage to exclosures, and to repair as many 

exclosures as possible prior to the start of the growing season. Due to the repairs during 

this survey, twenty of the exclosures were in good condition at the beginning of the 

growing season (11 in control transects and 9 in treatment transects).  

Vegetation data 

Vegetation data were collected at all plots and included: a species list; percent 

cover (tree seedlings under 5m tall, shrubs, ferns, herbs and mosses); number of stems 

(tree seedlings under 5m tall, shrubs, and ferns) and heights of stems (tree seedlings 

under 5m tall, shrubs, and ferns). Number of stems is simply the number of individual 

stems growing within each plot of each species. Only one stem per cluster was counted 
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for species that grow in clusters (deer fern, spiny wood fern). Height was measured for 

each stem noted above. The tallest stem was measured for species that grow in 

clusters. Number of fronds for deer fern were also counted, but not used in the analysis.  

We tagged individuals that had a basal diameter greater than one centimetre with 

a metal tag strung on a small zip tie. We recorded the dimensions of the individual 

including: basal diameter; height to crown; crown height; width; and length. Basal 

diameter and volume measurements are not used in the following analyses due to the 

limited scope of the project, but can be used as a baseline for future monitoring.  

Data Analysis 

Stump characteristics 

Most stump characteristics (species, DBH, height, top diameter, decay class) 

were measured in the field. Stump volume, however, was calculated in the lab using the 

equation for the frustum of a cone. Volume was calculated for the area of stump above 

diameter at breast height (DBH), since we did not have a basal diameter measurement, 

and is calculated as: 

V = πh  (R2 + Rr + r2) 
        3 

Where: 

V = stump volume; 

 h = height of the stump (from DBH to top); 

 R = radius of the base (at DBH); and 

 r = radius of the top (top diameter (averaged), divided by 2). 

The mean and standard deviation were calculated for all stump characteristics 

using JMP Version 9.0. 

Relationship of stump characteristics and vegetation 

I used linear regression (JMP Version 9.0) to test if percent cover of vegetation 

was influenced by any of the stump characteristics listed above. I used the percent cover 

of all shrub species combined to represent abundance of vegetation on top of the stump. 
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I used linear regression to test the relationship between the percent cover of shrubs on 

top of the stump and each of DBH, height, top diameter, and volume of stumps. I did not 

examine if vegetation was affected by decay class since all most all stumps were the 

same decay class. All comparisons used an alpha of 0.05.  

Vegetation communities on stumps and ground open to browse 

Since the main objective is to explore the baseline vegetation community, I used 

only 2010 data (pre- restoration treatments) from both control and treatment transects to 

explore the differences between stump plots and ground plots open to deer browse. 

Sample sizes are therefore small and affected the significance of the findings in some 

cases.  

I compared compositional differences among stump and ground plots open to 

deer browse using: species richness, evenness, Shannon’s Diversity Index, Simpson’s 

Diversity Index, and dominance diversity curves. I calculated species richness (S), 

evenness (E) and Shannon’s Diversity Index (H) and Simpson’s Diversity Index (D) for 

each plot using PC- ORD 6 (McCune & Mefford 2010). Species richness (S) is defined 

as the number of species present. Evenness (E) is a measure of the equality, or 

distribution of individuals among species and is calculated by dividing Shannon’s 

Diversity Index (H) by richness (ln(S)). Simpson’s Diversity Index shows “the likelihood 

that two randomly chosen individuals will be different species” and is calculated as:  

D= 1- ∑(pi
2)  

Where:  

 D = Simpson’s Diversity Index 

 pi = proportion of individuals belonging to species i (McCune & Grace 2002, 

 p.26).  

Shannon’s Diversity Index tends to emphasize richness, whereas Simpson’s 

Diversity Index tends to emphasize evenness. I used PC-ORD6 to analyze dominance- 

diversity curves. Dominance diversity curves show the relative abundance of each 

species. For PC- ORD analyses, species were removed from the dataset that had fewer 

than five occurrences overall. Diagnostic statistics showed this to lower the level of 
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skewness, kurtosis, and coefficient of variation (CV). A relativization by species 

maximum was applied to diminish the dominance of a few abundant species, in effect, 

equalizing common and uncommon species (McCune & Grace 2002). An arcsine 

square-root transformation was performed as well, which spreads out the tails of 

proportion data, improving normality (McCune & Grace 2002).  

I compared structural differences among stumps and ground plots open to deer 

browse using mean number of stems, mean height, and sum of plant heights. The 

number of stems of each species was averaged over plots. The heights of each stem of 

each species was averaged over plots as well. Sum of plant heights was calculated by 

summing the heights of all stems of each species in each plot and then finding the 

average over plots. A two-tailed t-test assuming unequal variances was performed for all 

comparisons of means between two variables. Normality of each variable was tested 

using the Shapiro- Wilk test, and some variables were found to be non-normal, however 

the t-test has been shown to be robust with the violation of normality, as long as samples 

are independent. Deviations from a normal distribution do not have a large impact on 

Type I Error rates (Zar 1996). 

Vegetation communities on ground plots open to browse and in exclosures 

For exclosure analysis, the main objective is to measure any difference in growth 

over the year, due to exclosure effect alone. Therefore, 2010 and 2011 data were used 

to test for growth over the year, and these data were pulled only from controls to avoid 

complications with treatment effect (creation of canopy openings). The same structural 

comparisons were made between open ground and exclosure plots that were described 

above for stump and open ground comparisons. A two-tailed t-test assuming unequal 

variances was performed for all comparisons of means. See above section for further 

details.  

Results 

Physical characteristics of stumps 

Stumps averaged 3.5m tall (N=32; SD = 0.98), 2.2m in diameter at breast height 

(DBH; N= 32; SD = 0.81), 1.4m in top diameter (N= 32; SD = 0.50), and had an average 
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volume of 11.3m3 (N= 32; SD = 9.4; Fig. 2.2). Most (N=29; 90.6%) stumps were 

identified as Sitka spruce. Stumps that were not spruce were western hemlock (N=3; 

9.4%).  A few individual trees may have been misidentified due to the lack of bark and 

level of decay but these were unlikely to impact the results. Most (N=29; 90.6%) stumps 

were classified as decay stage four, with the rest (N=3, 9.4%) classified as decay class 

three (BC Ministry of Forests and Range, 2010).  

Relationship between stump characteristics and vegetation 

Percent cover of shrubs on stumps was not correlated with stump volume (r2= 

0.001, p-value= 0.82), top diameter (r2= 0.18, p-value= 0.47), DBH (r2= 0.007, p-value= 

0.64), or height (r2= 0.003, p-value= 0.76).   

Vegetation communities on stumps and ground plots open to browse 

Compositional differences  

Ground plots (G) outside of exclosures (herein “ground plots”) are characterized 

by various species of moss, single delight, sparse and intensively browsed shrub 

species, and tree seedlings (mostly western hemlock). Stump plots (S) are either 

predominantly moss with little herb and shrub growth, or, more often, are characterized 

by shrubs such as huckleberry and blueberry (Vaccinium sp.), salal, and false azalea 

(Menziesia ferruginea). Red huckleberry was the most common shrub species and was 

present on 23 of the 32 stumps sampled. False azalea and salal, the second and third 

most common shrubs, were present on 8 and 6 stumps respectively.  

Dominance-diversity curves based on percent cover clearly showed mosses to 

be the most common taxa in both ground and stump plots, with step moss most common 

in ground plots and lanky moss most common in stump plots. Other than moss, ferns 

such as spiny wood fern and deer fern are more common in ground plots and shrub 

species such as red huckleberry and false azalea are more common in stump plots (Fig. 

2.3).   

Species richness (S) was greater in ground plots than on stumps (SG: x̄ = 9.41, N 

= 73, SE= 0.32; SS: x̄ = 5.38, N = 32, SE= 0.48; t-test, p-value= <0.0001; Fig. 2.4). There 

were species that grew only on the ground, only on stumps, and on both. Species found 
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growing only on the ground include: sword fern (Polystichum munitum); deer fern; and 

lady fern; as well as numerous herbaceous species (Table 1.1). Species growing only on 

stumps include: salal; oval-leaved blueberry; Alaskan blueberry; and red elderberry. See 

Table 1.1 for a full list of species by habitat association.  

Ground plots were also more diverse than stumps. Species evenness (E) was 

higher on the ground (EG: x̄ = 0.51, N = 73, SE = 0.02; ES: x̄ = 0.39, N = 32, SE = 0.04; t-

test, p-value= 0.0091, Figure 6). Shannon’s diversity index (H) was higher on the ground 

as well (HG: x̄ = 1.14, N = 73, SE = 0.04; HS: x̄ = 0.71, N = 32, SE = 0.09; t-test, p-value= 

<0.0001; Fig. 2.4). Lastly, Simpson’s diversity index (D), also scored higher on the 

ground (DG: x̄ = 0.55, N = 73, SE = 0.02; DS: x̄ = 0.35, N = 32, SE = 0.04; t-test, p-value= 

<0.0001, Fig. 2.4). 

Structural differences 

The mean number of stems (I) present in each plot, including ferns, shrubs and 

seedlings combined, was not significantly different on average between ground and 

stump plots (t-test, p = 0.15).  When comparing the mean number of stems for each 

habitat type by species, only red huckleberry showed significantly greater abundance on 

stump plots (IS: x̄ = 5.65, N = 20, SE = 0.85; IG: x̄ = 2.79, N = 24, SE= 0.47; t-test, p = 

0.0064; Fig. 2.5, Table 2.1).  There was no significant difference in the abundance of 

western hemlock seedlings, false azalea and salmonberry present on ground and stump 

plots (t-tests, p-values = 0.55, 0.47, 0.30; see Table 2.1). 

As expected, due to deer browse, the mean height of stems (H) was greater on 

stumps than on the ground, for seedling, shrub, and fern species combined (HS: x̄ = 

49.14cm, N = 65, SE = 6.58; HG: x̄  = 9.36 cm, N = 179, SE = 0.54; t-test, p-value = 

<0.0001; Fig. 2.6). Species that appeared on both ground and stump plots were selected 

for further testing. Western hemlock, red huckleberry and false azalea were significantly 

taller on stumps (t-tests, p-values = 0.0141, <0.0001, and 0.0114; Fig. 2.7; Table 2.2). 

Western hemlock seedlings were 6.81cm (SE = 0.69) on the ground and 29.45 cm (SE = 

8.36) on stumps. Red huckleberry was 10.94cm (SE = 2.03) on the ground and 49.99cm 

(SE = 6.82) on stumps. False azalea was 8.28cm (SE = 2.83) on the ground and 

134.99cm (SE= 35.32) on stumps. Salmonberry, however, was taller on average in 

ground plots, but no significant difference was found (HG: x̄ = 3.61cm, SE= 0.38, HS: x̄ = 
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1.88cm, SE = 0.65; t-test, p-value = 0.0682). Red elderberry did not have large enough 

sample size for testing. However, one noteworthy individual was 53cm on a 2.4m stump 

in 2010. Even on a stump this high, a deer ate all foliage and most stems of this 

individual by the beginning of the 2011 field season.  

The mean percent cover (%) of seedling, shrub, and fern species combined was 

also greater on stumps than on the ground (%S: x̄  = 5.63%, N = 68, SE = 0.86%; %G: x̄  

= 0.78%, N = 199, SE = 0.08%; t-test, p-value = <0.0001; Fig. 2.8). Select species that 

appeared on both ground and stump plots were also tested. Western hemlock, red 

huckleberry, false azalea, and salmonberry had significantly greater percent cover on 

stumps (t-tests, p-values = 0.007, 0.002, 0.032, 0.021; Table 2.3). Western hemlock 

seedlings had 0.72% cover (SE = 0.13) on the ground and 4.55% cover (SE= 1.28) on 

stumps. Red huckleberry had 0.82% cover (SE=0.29) on the ground and 7.41% cover 

(SE = 1.88) on stumps. Salmonberry was the only shrub with a slightly higher percent 

cover on the ground, with 0.63% cover (SE=0.05) on the ground and 0.5% cover (SE = 

0.0) on stumps. Sample size was too small for adequate confidence. 

Comparison of vegetation communities on ground inside and outside 
exclosures  

I compared ground plots within exclosures (referred to as “exclosures,” 

“exclosure plots” or “E”) and ground plots outside exclosures (“ground plots” or “G”) for 

difference in the change in number of stems between 2010 and 2011, and mean plant 

heights in 2010 and 2011. There were statistically significant differences between 

exclosures and ground plots for the mean heights of plants.  

All species combined, there was no significant difference in the change of mean 

number of stems (ΔI) from 2010 to 2011 between ground and exclosure plots (t-test, p-

value = 1.000; Table 2.4).  Nor was there a significant difference found when examining 

species separately. However, two species showed more of an effect than the others: 

lady fern and spiny wood fern. Lady fern has a very small sample size and therefore no 

significance can be drawn, however the change in the mean number of stems was 

substantially more in exclosure plots than in ground plots (ΔIE: x̄ = 2.67, N = 3, SE = 

2.03; ΔIG: x̄ = 22.5, N= 2, SE = 8.5; t-test, p-value= 0.2431; Fig. 2.9). Spiny wood fern 
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did not show a significant difference, however there was a greater increase of stems in 

exclosure plots than in ground plots (ΔIE: x̄ = 3.86, N= 14, SE = 1.32; ΔIG: x̄ = 9.1, N= 10, 

SE = 3.57; t-test, p-value= 0.1943; Fig. 2.9).  

The mean height of stems (H) in exclosures was significantly different than 

ground plots in 2011 (HG: x̄  = 7.08cm, N = 42, SE = 0.61; HE: x̄  = 11.83cm, N = 41, SE 

= 1.28; t-test, p-value = 0.0015; Table 2.5, Fig. 2.10). Examining species separately, 

deer fern was taller in exclosure plots in 2011 (HG: x̄  = 8.11cm, N = 9, SE = 0.85; HE: x̄  

= 15.73cm, N = 6, SE = 2.35; t-test, p-value = 0.0209, Table 2.5). Although insignificant, 

the following species showed a trend of decreasing height in ground plots and increasing 

height in exclosures in 2011: lady fern, deer fern, spiny wood fern and salmonberry 

(Table 2.5).  

Similar to the results for mean heights, the sum of plant heights also increased 

more in the exclosure plots than in ground plots from 2010 to 2011.  However, results 

were not statistically significant (Table 2.6).  

Discussion 

Stump characteristics and vegetation 

The percent cover of shrubs growing on stumps was not related to the 

characteristics of stumps, including DBH, height, top diameter, and volume. Kennedy 

and Quinn (2001) also did not find a relationship between vegetation and stump area, 

height or decay, however they called on the need for further study. The difference in 

percent cover of shrubs could be related to a number of factors such as past 

environmental conditions in which shrub growth was initiated, stochasticity, or current 

light or canopy conditions. Preliminary analysis shows percent canopy openness and 

percent full sun to be significantly related to percent shrub cover (see Chapter 3).  

Differences of vegetation communities on stumps and on the ground 

In Sandy Creek, stumps are providing refuge for a number of species. This is 

consistent with other studies that found stumps acting as refugia in Haida Gwaii (Holmes 
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2010; Sherlock unpubl.). Red huckleberry, false azalea, and salal are the most common 

shrubs found on stumps and grow much taller on stumps than on the ground. 

Furthermore, six species grew only on stumps, indicating that stumps are serve a critical 

role for these species (salal, false lily-of-the-valley, licorice fern, red elderberry, Alaskan 

blueberry, oval-leaved blueberry). This is consistent with our understanding of habitat 

preferences for these species. For instance, in Olympia, WA plant communities differed  

significantly between stump and ground substrates; red huckleberry and salal were more 

common on stumps and trailing blackberry (Rubus ursinus) and sword fern were more 

common on the ground (Kennedy & Quinn, 2001).  

Interestingly, plant communities on stump refugia in Haida Gwaii lack the 

abundance and diversity of ground communities, even though stumps are protected from 

the intense browse pressure occurring on the ground. Although vegetation on the ground 

appears exceptionally sparse at first glance, ground plots actually averaged significantly 

higher species richness, evenness and diversity scores. Plants on the ground are in fact 

more numerous and diverse than those on stumps, however they are simply unable to 

grow past one to five centimetres tall, in most cases. Contrary to my findings in Haida 

Gwaii, Kennedy & Quinn (2001) found no difference in richness, evenness and diversity 

measures across ground and stump substrates in Washington state. The difference was 

due to the fact that intense shrub competition on the ground was limiting richness and 

diversity measures on the ground in their case. Therefore, a stump in their ecosystem 

was acting as a different kind of refugium, providing a substrate free from shrub 

competition occurring on the ground. Perhaps in Haida Gwaii, shrub competition is 

occurring on stumps, rather than on the ground, limiting species diversity on stumps.  

 Although stump refugia are not providing a refuge for the full suite of understory 

species in Haida Gwaii, they are still serving an essential role in maintaining the 

persistence of certain shrub species, such as red huckleberry. Each stem found on the 

ground is browsed constantly so that it is often only one centimetre tall, or less. Although 

not tested formally, sexually reproducing individuals (shrubs with berries) observed 

throughout the study area were never seen on the ground. Rather, they were always 

observed on top of stumps, root mounds, and elevated nurse logs. Stumps may, in fact, 

be the only substrate where shrub species can grow tall enough to reproduce. Further 

research should explore this hypothesis further.  
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Differences in vegetation in open ground plots and in exclosures 

Herbivory by the introduced deer clearly plays an important role in shaping plant 

communities. Although we did not expect to see a visible change in vegetation one year 

after the construction of deer exclosures, certain species benefitted from the exclosures 

over only one year. Specifically, spiny wood fern, deer fern, and lady fern showed 

evident growth within exclosures after only one year. The fact that our results showed 

any change at all is surprising, given the short one year time frame. Compensatory 

growth after browsing changes with the level of stress the plants experience and the 

amount of time for recovery (Oesterheld & McNaughton, 1991). Therefore, it is likely that 

in Sandy Creek the main stressor to plant vitality is the intensity of herbivory (specifically 

deer browse). In this study area environmental variables, such as water and nutrient 

availability, seem relatively abundant and plants have a lower level of stress and grow at 

a higher relative growth rate than other coastal forests (Oesterheld & McNaughton, 

1991).  Once the traumatic effect of herbivory is removed, certain species may rebound 

quickly. 

Our results are consistent with previous exclosure studies in Haida Gwaii, 

showing remarkable differences in exclosed areas and their surroundings (Golumbia 

1999; Martin et al. 2010). The impact of deer browse on the understory vegetation on 

Haida Gwaii is well documented (Golumbia 1999; Stockton et al. 2005; Gaston et al. 

2008; Stroh et al. 2008; Martin et al. 2009). Although much literature exists globally on 

deer overabundance (Coombs et al. 2003; Rooney & Waller 2003; Cote et al. 2004), 

introductions (Vasquez 2002) and herbivory (Hobbs 1996; Hobbs et al. 2009), there is 

limited information on the impacts to forest understory by introduced deer herbivory in an 

ecosystem with virtually no natural predators.  Some black bears will prey on a sick or 

dying deer, however the occurrence is not common enough to control the population. 

Haida Gwaii has no other natural predator to control the deer population. The situation 

has therefore become ecologically devastating for the forest understory.   

Over time, these exclosures could provide a dramatic impact on the entire 

understory ecosystem. Even maintaining these exclosures for just a few years could 

allow the individual species within to establish themselves enough to begin to reproduce. 

Furthermore, if exclosures can help reduce browsing extent, this could have far-reaching 
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impacts for the health of the riparian area. Literature suggests that understory functions 

such as hydrologic functions (ie. water storage and release), shade and sediment 

storage can return with as little as 5-10 years of browsing reductions (Roni et al. 2002). 

In this ecosystem, due to fast growth rates and availability of seed sources from stumps, 

we may even be able to anticipate a shorter time span than this.  

Roni et al. (2002) suggest that riparian restoration efforts should focus first on 

landscape-scale habitat connectivity, then on restoring hydrologic, geologic, and riparian 

processes through road decommissioning and elimination of grazing (in Haida Gwaii this 

means elimination of deer browsing) before in-stream habitat enhancement is employed. 

This framework would suggest removal of herbivory is the highest priority. 

Limitations 

Analysis for the effect of restoration on vegetation growth was outside of the time 

limitations of this study. A more in-depth analysis of how vegetation is affected by 

restoration treatment vs exclosures should be pursued. Furthermore, other than the 

difference of substrate type and exclosure, comparative analysis of other potential 

contributing factors to vegetation growth, such as light environment or forest structure, 

was outside the scope of this study. Chapter 3 explores the relationship of shrub 

vegetation on stumps to light and forest structure before restoration. However, the ability 

for conclusive analysis with these variables is very difficult, due to the limited extent of 

vegetation on the ground. Further analysis with these variables in the future, once 

vegetation has had adequate time to respond, should be explored.  

Management Implications 

Stumps are an important component of this ecosystem and provide refuge for 

certain shrub species, yet they will not be the ultimate solution for the restoration of 

understory vegetation in Haida Gwaii. Since stumps do not provide a refuge for the full 

suite of understory species, riparian restoration treatments should not focus on gap 

creation centered specifically around stumps. It would, however, be beneficial for some 

gaps to include stumps within the treated areas to provide a greater spectrum of light 

environment for species taking advantage of stump substrates. Stumps are clearly 
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facilitating the persistence and productivity of shrubs in this ecosystem. Only on stumps 

and other substrate protected from deer are shrubs able to grow large enough to 

reproduce. Stumps are thus an important component of the overall recovery of the forest 

understory in this ecosystem. Restoration practices such as gap creation will increase 

the heterogeneity of stand structure and of understory light, encouraging growth across 

all substrates.  

In the context of forest management, this study determined that riparian 

restoration does not need to focus on gap creation centered specifically around stumps. 

It would, however, be beneficial for some gaps to include stumps. This study affirms that 

stumps are clearly assisting the persistence of shrubs in this ecosystem. Only on stumps 

and other substrate protected from deer are shrubs able to grow large enough to 

reproduce. They will therefore likely be an important element to the overall recovery of 

the understory in this ecosystem. Restoration practices such as gap creation may be 

adequate to increase stand structure heterogeneity and increased understory light 

throughout the stand, encouraging growth across a broad range of substrates.  

Elsewhere in the province, stumps are being increasingly removed from second 

growth forests and used as biofuel (Hannam, 2012). The justification for the removal of 

stumps include clean energy, site preparation, and root disease control (Hannam, 2012). 

Although the literature provides limited evidence for the role stumps play in second 

growth forests, the literature does show the importance of coarse woody debris (Harmon 

et al., 1986; Franklin et al. 2000). Stumps and stump roots are sometimes the major 

form of decaying wood in second growth forests and can be expected to perform a vital 

role in second growth forest structure and function. This study illustrates another 

unexpected role of stumps in second growth forests. 

Other measures should be employed to enhance vegetation growth, such as 

deer control and maintenance of current deer exclosures and/ or construction of new 

exclosures, if restoration of understory plant community and productivity is to be 

pursued. An objective of this restoration project includes establishing a healthy forest 

understory in Sandy Creek. To achieve this, its main stressor, the deer population on 

Lyell Island, must be substantially reduced or removed. Efforts have been made in the 

past to control and manage introduced species in Gwaii Haanas (Golumbia 1999), and 
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ongoing efforts are currently being made to control deer population on Lyell Island. 

However, due to resource limitations, and the prohibitive scale of deer management on 

an island as large as Lyell Island, these efforts have not yet heralded noteworthy 

impacts.  

Conclusions  

The stumps in Sandy Creek are providing a refuge from herbivory for some 

understory species such as red huckleberry. Stump plant communities lack, however, 

the richness and diversity of the ground communities, even when those communities are 

exposed to heavy browsing pressure. This is consistent with our understanding of these 

species’ habitat associations; many species prefer to grow on ground rather than the 

wood of stumps (Kennedy & Quinn 2001; Harmon et al. 1986).  

Herbivory by the introduced deer clearly plays an important role in shaping plant 

communities. Considerably more growth was observed in ferns, herbs, and some shrubs 

within the exclosures over only one year. This is consistent with previous exclosure 

studies in Haida Gwaii, showing remarkable differences in exclosed areas and their 

surroundings (Golumbia 1999; Martin et al. 2010). Deer control is an obvious 

management action for Gwaii Haanas policy makers to consider if restoration of 

understory plant community and productivity is to be pursued.   
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Tables and Figures 

Tables 

Table 2.1. Number of stems found in ground and stump plots for selected 
species: descriptive statistics (mean, sample size (N), standard error 
(SE) and test statistic for a two-tailed t-test (p-value)). 

Species Substrate Mean # Stems N SE p-value 
Ground 5.07 179 0.60 All species 

combined Stump 6.77 66 1.03 

0.1556 

Ground 2.79 24 0.47 Red huckleberry 

Stump 5.65 20 0.85 

0.0064 

Ground 9.98 45 2.06 Western hemlock 

Stump 12.10 20 2.88 

0.5524 

Ground 1.75 4 0.48 False azalea 

Stump 2.57 7 0.97 

0.4695 

Ground 3.67 18 1.18 Salmonberry 

Stump 2.00 4 1.00 

0.3011 

*Note – p-values in bold are significant  
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Table 2.2. Mean height of stems found in ground and stump plots for selected 
species: descriptive statistics (mean, sample size (N), standard error 
(SE) and test statistic for a two-tailed t-test (p-value)). 

Species Substrate Mean Height (cm) N SE p-value 
Ground 9.36 179 0.54 All species 

combined Stump 49.14 65 6.58 

<0.0001 

Ground 10.94 24 2.03 Red huckleberry 

Stump 49.99 20 6.82 

<0.0001 

Ground 6.81 45 0.69 Western hemlock 

Stump 29.45 20 8.36 

0.0141 

Ground 8.28 4 2.83 False azalea 

Stump 134.99 7 35.32 

0.0114 

Ground 3.61 18 0.38 Salmonberry 

Stump 1.88 4 0.65 

0.0682 

*Note – p-values in bold are significant  
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Table 2.3. Mean percent cover found in ground and stump plots for selected 
species: descriptive statistics (mean, sample size (N), standard error 
(SE) and test statistic for a two-tailed t-test (p-value)) . 

Species Substrate Mean % Cover  N SE p-value 
Ground 0.78 199 0.08 All species 

combined Stump 5.63 68 0.86 

<0.0001 

Ground 0.82 33 0.29 Red huckleberry 

Stump 7.41 21 1.88 

0.002 

Ground 0.72 48 0.13 Western hemlock 

Stump 4.55 22 1.28 

0.007 

Ground 0.5 4 0.0 False azalea 

Stump 7.25 8 2.53 

0.032 

Ground 0.63 20 0.05 Salmonberry 

Stump 0.5 4 0.0 

0.021 

*Note – p-values in bold are significant  
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Table 2.4. Mean change in the mean number of stems found in ground and 
exclosure plots between 2010 and 2011: descriptive statistics (mean, 
sample size (N), standard error (SE) and test statistic for a two-tailed 
t-test (p-value)). 

Species Substrate Mean Change in Mean # 
Stems from 2010 to 2011 

N SE p-value 

Ground 1.67 57 0.71 All species 
combined Exclosure 1.67 51 1.34 

1.000 

Ground 2.67 3 2.03 Lady fern 

Exclosure 22.5 2 8.50 

0.2431 

Ground 3.86 14 1.32 Spiny wood fern 

Exclosure 9.10 10 3.57 

0.1943 

*Note – p-values in bold are significant  
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Table 2.5. Mean height of stems in ground and exclosure plots in 2010 and 
2011: descriptive statistics (mean, sample size (N), standard error 
(SE) and test statistic for a two-tailed t-test (p-value)). 

Species Substrate Mean Height (cm) N SE p-value 
Ground 7.85 43 0.76 All species 

combined 2010 Exclosure 9.87 40 1.37 

0.2006 

Ground 7.08 42 0.61 All species 
combined 2011 Exclosure 11.83 41 1.28 

0.0015 

Ground 14.68 2 4.68 Lady fern 

2010 Exclosure 10.82 2 5.92 

0.6620 

Ground 6.78 2 1.11 Lady fern 

2011 Exclosure 15.21 2 4.14 

0.2746 

Ground 10.59 10 1.36 Deer fern 

2010 Exclosure 11.58 10 1.23 

0.5974 

Ground 8.11 9 0.85 Deer fern 

2011 Exclosure 15.73 6 2.35 

0.0209 

Ground 8.70 10 0.72 Spiny wood fern 

2010 Exclosure 9.69 8 1.83 

0.6261 

Ground 7.50 12 0.74 Spiny wood fern 

2011 Exclosure 9.88 9 1.41 

0.1597 

*Note – p-values in bold are significant  
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Table 2.6. Sum height of stems in ground and exclosure plots in 2010 and 
2011: descriptive statistics (mean, sample size (N), standard error 
(SE) and test statistic for a two-tailed t-test (p-value)). 

*Note – p-values in bold are significant  

Species Substrate Sum Height (cm) N SE p-value 
Ground 24.35 2 14.35 Lady fern 

2010 Exclosure 111.20 2 106.30 

0.5628 

Ground 40.05 2 23.05 Lady fern 
2011 Exclosure 508.75 2 342.75 

0.4012 

Ground 50.25 10 17.20 Deer fern 
2010 Exclosure 28.86 10 6.91 

0.2713 

Ground 57.30 9 29.81 Deer fern 
2011 Exclosure 15.73 6 22.43 

0.9101 

Ground 38.92 10 17.20 Spiny wood fern 
2010 Exclosure 52.24 8 21.52 

0.6024 

Ground 60.03 12 17.36 Spiny wood fern 
2011 Exclosure 161.16 9 67.76 

0.1820 
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Figures 

A.  

 

 
B. 

Figure 2.1. Research design. 
 

A. Layout of treatment and control transects along Sandy Creek (0m is where tidal 
influence is no longer present). Treatment transects were located at 100m, 300m and 
380m.  Control transects were located in sites with similar characteristics and at least 
100m away from treatments.  Four control transects were necessary in order to get the 
same number of plots as treatment transects.  
B. Layout of plots within treatment and control transects. Within this area, only stumps 
20m apart, starting from the first encountered, were included for sampling. Each stump 
had 2 paired ground plots, one fenced (black square) and one open (white square), 
located at a random distance (2-5m) and bearing from the stump.  
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Figure 2.2. Diagram of a “stump refugium” with distributions of A. top diameter, 
B. height, C. volume, and D. diameter at breast height (DBH) 

 Figure includes means (µ) and standard deviations (SD) of these stump characteristics. 
The middle line of the box plot represents the median, the upper and lower boundaries of 
the box represent each quantile (75 and 25%, respectively), and the upper and lower tail 
limits represent the maximum and minimum values. Dots outside the upper and lower tail 
limits indicate outliers.  
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A. 

 

 

 

 

 

 

 

B.  

  
  

 

 

 

  
 

Figure 2.3. Dominance Curves for A. Ground Plots and B. Stump Plots.  
 Each point on the curve is a species. Those top left are most common, those bottom right 

are least common. See Table 1 for latin, common, substrate for each code name used 
above for tree, shrub and herbaceous species. Moss species are listed in the full species 
list in Appendix 1. 
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A. Species Richness:  

 
 

B. Species Evenness:  

 

C. Shannon’s Diversity Index:   

 

D. Simpson’s Diversity Index:   

 
 

Figure 2.4. Boxplots for A. species richness, B. evenness, C. Shannon’s 
Diversity Index, and D. Simpson’s Diversity Index for ground (G) and 
stump (S) plots.  

 The middle line of the box plot represents the median, the upper and lower boundaries of 
the box represent each quantile (75 and 25%, respectively), and the upper and lower tail 
limits represent the maximum and minimum values. The shorter lines from the middle 
outward represent the mean, standard error, and deviation lines. The number above each 
box represents its sample size (N). The width of the X-axis is proportional to each N. A 
two-tailed t-test assuming unequal variances was used to test significance.  
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Figure 2.5. Boxplot of the number of red huckleberry stems in ground (G) and 
stump (S) plots.  

 I used a two-tailed t-test assuming unequal variances to test the difference in number of 
individual red huckleberry plants on the ground and on stumps (p-value= 0.0006). Please 
refer to Figure 2.4 for further explanation of test and boxplot details.  
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Figure 2.6. Boxplot of mean stem heights for ground (G) and stump (S) plots.  
 A two-tailed t-test assuming unequal variances was used to test the difference in mean 

height over all species (p-value= <0.0001). Please refer to Figure 2.4 for further 
explanation of test and boxplot details.  
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A. Western hemlock: p-value = 0.0141  
Gx̄ = 6.81cm (se= 0.69)  
Sx̄ = 29.45 (se= 8.36) 

 

B. Red huckleberry:  p- value = <.0001      
Gx̄ = 10.94cm (se= 2.03) 
Sx̄ = 49.99 (se= 6.82) 

 
C. False Azalea: p- value = 0.0114 
Gx̄ = 8.27 (se= 2.83) 
Sx̄ = 134.99 (se= 35.32) 

 

D. Salmonberry: p-value = 0.0682 
Gx̄ = 3.61 (se= 0.38) 
Sx̄ = 1.88 (se= 0.65) 

 

Figure 2.7. Boxplots of mean stem heights for select species in ground (G) and 
stump (S) plots.  

 A two-tailed t-test assuming unequal variances was used to test the difference in mean 
heights between ground and stump plots for each species. Please refer to Figure 2.4 for 
test and boxplot details.  
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Figure 2.8. Boxplot of percent covers of all species combined for ground (G) 
and stump (S) plots.  

 A two-tailed t-test assuming unequal variances was used to test the difference in percent 
cover between ground and stump plots for all species combined (p-value= <0.0001). 
Please refer to Figure 2.4 for test and boxplot details.  
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A. Lady fern: p-value = 0.2431 
Gx̄ = 2.67 (se= 2.03)  
Sx̄ = 22.5 (se= 8.5) 

 

B. Spiny wood fern: p-value = 0.1943 
Gx̄ = 3.85 (se= 1.32)  
Sx̄ = 9.1 (se= 3.57) 

 

Figure 2.9. Change in mean number of stems between 2010 and 2011 for select 
species in ground (G) and exclosure (E) plots.  

 A two-tailed t-test assuming unequal variances was used to test the difference in the 
change in number of stems from 2010 to 2011 between ground and exclosure plots for 
each species. Please refer to Figure 2.4 for test and boxplot details.  

 

 

 

 



 

50 

 

 

Figure 2.10. Mean stem height in 2010 and 2011 for ground (G) and exclosure (E) 
plots with all seedling, shrub and fern species combined.  

 A two-tailed t-test assuming unequal variances was used to test the difference in mean 
heights between ground and exclosure plots in 2010 and 2011. Please refer to Figure 2.4 
for test and boxplot details.  

A. 2010: p-value = 0.2006 
Gx̄ = 7.84 (se= 0.76)  
Ex̄ = 9.87(se= 1.37) 

 

B. 2011: p-value = 0.0015 
Gx̄ = 7.08 (se= 0.61)  
Ex̄ = 11.83 (se= 1.28) 
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Chapter 3. Understory light response to riparian 
restoration on Lyell Island, Haida Gwaii 

Introduction 

Riparian forests grow adjacent to streams, lakes and wetlands. Riparian areas in 

old growth coastal forests of British Columbia are the most productive forests in North 

America and yield some of the highest canopy volumes on earth: greater than 

200,000m3/ha (Van Pelt et al. 2006). Riparian forests are diverse in both species 

composition and physical structure, which encompasses vertical elements such as 

canopy layers and horizontal elements such as canopy gaps and variation of stem size  

(Gregory et al. 1991; Pabst & Spies 1999; Franklin et al. 2002; Van Pelt 2004; Smith 

2005). Furthermore, riparian areas have distinctive microclimatic conditions such as air 

temperature, soil temperature, wind speed and solar radiation, and these conditions are 

significantly altered when forest harvesting near the stream occurs (Brosofske et al. 

1997).  

Interactions between disturbance regimes, geomorphology and hydrology 

determine the attributes of floodplain forests that make them so productive and diverse 

(Van Pelt 2006). In general, large, natural stand-replacing disturbances such as fire are 

rare in coastal temperate rainforests (Lertzman et al. 2002; Daniels & Gray 2006). 

Rather, these forests are dominated by gap-phase dynamics. Gap-phase dynamics is 

the process of canopy gap creation (1- 10 trees) by tree mortality or small wind events 

and the ensuing filling of those gaps by young trees; over time this creates a 

heterogeneous forest structure and light environment (Bray 1956; Canham et al. 1990; 

Lertzman et al. 1996; Frazer et al. 2000a; Gavin et al. 2003; Griffiths 2010). Larger 

windthrow events are also an important developmental driver for forests in southeast 

Alaska (Kramer et al. 2001).  

Gap phase dynamics in old growth temperate riparian forests are important in 

promoting the structure and function of riparian areas and vegetation dynamics 
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characteristic to this ecosystem type (Alaback 1982; Lertzman et al. 1996; Curzon & 

Keeton 2010)  It is generally accepted that an increase of full sun reaching the 

understory will increase total understory vegetation cover (Turner & Franz 1986). 

Spatially distributed gaps in the canopy increase the heterogeneity of light reaching the 

forest floor (Lertzman et al. 1996; Frazer et al. 2000a; Franklin & Van Pelt 2004; Griffiths 

et al. 2010). This type of spatial complexity affects the spatial composition of the 

understory, and generally increases species diversity. For example, in gaps, shrub 

competition can limit conifer regeneration (Pabst & Spies 1999; Giesbrecht 2010), and in 

darker areas herb diversity is sometimes higher due to less shrub competition 

(Giesbrecht 2010).  

In British Columbia, logging had major impacts on rivers and low-elevation old-

growth forests (DellaSala 2010). Clearcut forest harvesting practices do not mimic the 

small scale natural disturbances in coastal temperate forests (Pearson, 2010; Bergeron 

& Fenton 2012; Lertzman, Spies & Swanson 1997). Furthermore, second growth forests 

do not have the same structural complexity as old growth forests (Alaback 1982; Banner 

& LePage 2008; Gerzon et al. 2011; Frazer et al. 2000a). Second growth stands are 

generally homogenous in age and height, with dense canopies and dark understory light 

conditions (Chan et al. 1996; Banner & LePage 2008). As well, the amount and size of 

coarse woody debris on the forest floor and in streams in second growth is reduced 

(Bilby & Ward 1991). Due to these factors, habitat availability for wildlife is limited, 

understory vegetation in second growth is often severely limited, and salmon habitat in 

streams is degraded.  

Forest managers are increasingly interested in understanding how to restore 

second growth forests to a state more similar to old growth in structure and function 

(Franklin et al. 2002). Ecological restoration is a tool used by forest managers to 

physically change stands to mimic old growth stand characteristics; a difficult task when 

so little is known about these complex riparian forests (Van Pelt et al. 2006). Further, it is 

challenging to understand patterns in areas which are subject to complex, multi-scale 

processes (Pabst & Spies 1999). Ecological riparian restoration attempts to mimic 

natural disturbances through gap creation and promotes an increase in canopy light and 

natural forest characteristics (Franklin et al. 2002). Restoration efforts can be focused at 

manipulating and retaining structure to create the functional light environment that will 
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support vegetation communities and release conifer growth. However, to conduct 

effective restoration, benchmark information is needed regarding the structure and 

function being restored, as well as information on how well various manipulations work in 

achieving these values.  

Many studies have used hemispherical canopy photography (HCP) to examine 

the forest understory light environment and the utility of structural manipulations to 

restore old growth light conditions (Stewart 1988; Beaudet & Messier 2002; Clarke & 

Murphy 2011) as HCP is the most precise method for estimating canopy openness 

(Brown et al. 2000; Keane et al. 2005; Leblanc et al. 2005). A few studies have focused 

on old growth in coastal BC, including canopy openness and leaf area on Vancouver 

Island, canopy openness and light in the Seymour Valley in the Vancouver region, and 

percent full sun in Stika spruce floodplain sites, (Frazer et al. 2000a; Roburn 2003; 

Giesbrecht 2010). Other studies focus on deciduous or mixed hardwood forests 

(Beaudet & Messier 2002; Beaudet et al. 2004), tropical forests (Brown et al. 2000), or 

temperate conifer forests dominated by Douglas-fir (Clark & Murphy 2011; Drever & 

Lertzman 2001, 2003; Drever 2005). HCP techniques are also effective at describing 

canopy light changes from various silvicultural or restoration treatments (Lhotka & 

Loewenstein 2006; Drever & Lertzman 2003; Hutchison 2011). Quantitative 

documentation of the light environment before and after restoration is a quick and 

accurate method of documenting canopy change and will enhance the current 

monitoring program created by Ryland & Thomas (2012).  

My research is part of a restoration project on Lyell Island, entitled “Yahgudang 

dlljuu: a respectful act. Restoring the land and honouring the history of Tllga Kun 

Gwaayaay – Athlii Gwaii (Lyell Island),” which aims to restore the health of riparian 

forests and salmon-bearing streams on Lyell Island (Gwaii Haanas 2008). The riparian 

forest treatments in Sandy Creek consist of the creation of a range of sizes of gap 

openings. There is a need for documentation of riparian restoration projects, to 

understand how future projects can be planned and implemented to restore old growth 

characteristics most effectively (Roni et al. 2002; Deal 2007).  

In this paper I quantify the consequences of manipulations in forest structure 

associated with riparian restoration efforts for understory light environments. I used 
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hemispherical canopy photography (HCP) to assess the utility of structural manipulations 

to restore old growth light conditions. Specifically, this chapter asks:  

1. How was the forest structure affected by the restoration treatments within the 

treated areas of the riparian forest in Sandy Creek? How was the forest 

structure affected by wind events one year after the restoration treatments? 

2. How was the understory light environment affected by the restoration 

treatments within the treated areas of the riparian forest in Sandy Creek? 

How was the understory light environment affected by wind events one year 

after the restoration treatments? 

3. Is there a relationship between forest structure and understory light with 

which forest managers could use in restoration planning?  

4. Is there a relationship between understory vegetation on stumps and the 

understory light environment?  

We expected a decrease in forest volume and density and an increase in 

understory light post treatment due to the removal of trees. We expected a further 

change again one-year post treatment due to windthrow effects. Other studies have 

found a significant, negative relationship between forest structure variables and light, as 

well as correlations between percent cover and light. We expected that changes in the 

light environment associated with structural manipulations would increase vegetation 

growth.  

We had hoped initially to be able to distinguish the vegetation response effects of 

the canopy removal treatment from the effects of deer browse via deer exclosures. 

However the one-year time duration of the study was too short for the experiment to 

develop mature results. We hope that future efforts will examine the results of the 

experiment as they develop.  
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Study Site and Methods 

Study Area 

Haida Gwaii is a remote archipelago off the northwest coast of British Columbia 

(BC). Lyell Island is situated off Haida Gwaii’s southeast coast, in Gwaii Haanas National 

Park Reserve and Haida Heritage Site (Gwaii Haanas; Fig. 1.1). Average annual 

precipitation of 1,359mm falls mostly as rain (Golumbia 2007). The area has cool, wet 

summers and cold, very wet winters. The average annual temperature is approximately 

8°C, and has an intra-annual fluctuation of about five degrees (MIEDS 2011). Lyell 

Island sits on the Skidegate Plateau physiographic region and is within the Submontane 

Wet Hypermaritime Coastal Western Hemlock variant (CWHwh1; Green & Klinka 1994).  

The study sites in Sandy Creek are located on mid bench riparian floodplain 

dominated by Sitka spruce (Picea sitchensis (Bong.); Fig. 1.2). Due to intense deer 

browse, the understory is characterized mainly by moss species such as lanky moss 

(Rhytidiadelphus loreus), and step moss (Hylocomium splendens). Herb and shrub 

species persisting on the ground include: single delight (Moneses uniflora); twayblade 

(Listera sp.); lady fern (Athyrium filix-femina); deer fern (Blechnum spicant); spiny wood 

fern (Dryopteris expansa); and red huckleberry (Vaccinium parvifolium). In general, 

individuals of these species exist in a constantly browsed state. In complex terrain, or on 

substrate higher than approximately 1.5m (deer browse-line), other understory species 

persist, and are able to grow large enough to reproduce. These species that have been 

mostly confined to stump substrates include: false lily-of-the-valley (Maianthemum 

dilatatum); salal (Gaultheria shallon); red elderberry (Sambucus racemosa); Alaskan 

blueberry (Vaccinium alaskaense); and oval-leaved blueberry (Vaccinium ovalifolium). 

Table 1.1 lists species that are found only on stumps, only on the ground, and those that 

are found on both substrates. See Appendix 1 for a complete species list including 

mosses. 

Restoration Treatments 

Riparian forest restoration treatments (overstory tree removals) were located 

adjacent to areas requiring in-stream restoration, as assessed by Northwest Hydraulic 

Consultants (Ray, 2010). The objectives for restoration treatments were to encourage 
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faster growth of larger diameter trees, and create gaps in the canopy to encourage faster 

growth of larger diameter trees and understory regeneration (Bancroft & Zielke 2002). 

Riparian forest restoration treatments were centered around “stump refugia” to 

encourage the potential of greater understory propagation from seed sources on stumps.  

To mimic old growth gap sizes, we planned our treatment to remove 1- 10 trees around 

each stump (Lertzman et al., 1996). Trees were selected to be cut based on species 

(hemlock over spruce), size (co-dominant and suppressed over dominant), extent of 

crown cover directly over the stump (higher cover over lower), feasibility (whether the 

tree could be felled without damaging important features such as snags, stumps and 

non-target trees), and safety during falling.  

The goal of the treatment was to create a range of canopy openness over each 

stump by removing up to 100% of the trees surrounding that stump, which was usually 

between 1-10 of the trees included in the prism sweeps around each stump. This was 

planned by felling a number of trees appropriate to four categories at each stump: 

Category 1 removed 1 to 24% of trees, Category 2 removed 25 to 49% of trees, 

Category 3 removed 50 to 74% of trees, and Category 4 removed 75 to 100%. We 

managed to include a consistent number of plots within each category, with the 

exception of Category 1. The number of plots in each category are as follows: Category 

1, N= 2; Category 2, N= 6; Category 3, N= 7; Category 4, N= 5. See Figure 3.1.  A few of 

the treatments that were planned for Category 1 ended up in Category 2, 25-49%, since 

additional trees were taken in the falling process. From a total of 218 trees within the 

treated areas, 112 were cut. The mean DBH of cut trees was 47.7cm (SD= 16.5), 

whereas the mean DBH of trees left standing was 54.4cm (SD= 21.2).  

Research Design 

The research design was guided by the goal for the riparian forest treatments to 

provide large woody debris for the creation of in-stream structures. In this way, no 

additional material needed to be brought in for in-stream structures, and wood did not 

need to be moved a large distance. Therefore, each riparian forest treatment transect 

was located perpendicular to a planned in-stream treatment location (as prescribed by 

Ray 2010). At three in-stream restoration locations (100m, 300m, and 380m from tidal 

influence), 30m wide by 100m long treatment transects (.30ha) were set-up 
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perpendicular to the stream (Fig. 2.1). Within this area, only stumps 20m apart, starting 

from the first encountered, were included for sampling. Preliminary research suggests 

that 20m maintains statistical independence for canopy light (Roburn 2003). Control 

transects were located in between treatment transects, with a minimum of 100m 

distance between any two transects (Fig. 2.1).  

A total of 16 stumps within three treatment transects (T) and 16 stumps within 

four control transects (C) were selected for sampling. Stumps were chosen that had a 

flat top, indicating that they had been logged, were tall enough that deer could not reach 

them (approximately 1.5m), and were less than or equal to 5m in height (stumps taller 

than 5m could not safely be sampled).  

At each stump, in both the treatment areas and control areas, I gathered data on 

forest structure and light environment for the stump and two associated ground plots 

(see Chapter 2 for details on stump characteristics, vegetation and exclosure data, 

methodology, analysis and results). Sampling was conducted at three time periods: 

before the restoration treatments in June of 2010 (pre-treatment), immediately after 

restoration treatments in August 2010 (post-treatment) and then one-year after 

restoration treatments in June 2011 (one-year-post). The post-treatment measurements 

in 2010 describe the affect of structural manipulations on forest structure and light, 

whereas the one-year-post treatment measurements in 2011 describe the affect of wind 

on forest structure and light.  

Fieldwork and data collection 

Forest structure data 

Forest structure was quantified by measuring the stand volume (basal area (BA); 

m3/ha) and stand density (stems per hectare (SPH); stems/ha). BA was measured using 

prism-based variable radius plots (BC Ministry of Forests 2010) 2m away from both the 

north and south side of the stump, which were averaged for one stump plot 

measurement, as well as in the center of each ground plot. A sample sweep of the area 

indicated that a Basal Area Factor (BAF) of 10m2/ha would include between 6-10 trees. 

Therefore I used a BAF of 10m2/ha across all plots to avoid the bias that occurs when a 

BAF is selected at the sampling point (Watts & Tolland 2005). We measured diameter at 
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breast height (DBH) for all trees in the stump plots, however did not take DBH 

measurements in ground plots due to lack of sampling time. Therefore, SPH could only 

be calculated for the stump plots, not the ground plots. SPH was calculated in the lab 

(see below in Data Analysis for calculation).  

Light environment data 

I measured light environment using hemispherical canopy photography (HCP). I 

used a Sigma 8mm F3.5 fisheye lens and a Canon 5D digital SLR to take canopy 

photographs. Hemispherical canopy photography (HCP) is an effective method for 

estimating canopy openness and understory light variables due to its usefulness and 

accuracy in estimating canopy light in the understory (Lieffers et al. 1999; Machado & 

Reich, 1999; Brown 2000; Breda 2003; Clark and Murphy 2011). It is the most precise at 

estimating canopy openness (Brown et al. 2000; Keane et al. 2005; Leblanc et al. 2005).  

I took canopy photos in the center of each stump and ground plot. Where 

vegetation was sparse, I took photos at one height (stump at 30cm above stump edge, 

ground at 150cm (+/-2cm)). Where the vegetation was profuse (only on stumps), I took 

photos under the shrub layer (30cm), and above (70cm, +/-2cm). All analysis herein 

used photos taken above shrub cover.  

Vegetation Data 

I collected vegetation data at each plot (both ground plots and the top substrate 

of the stump) including: a species list; percent cover (tree seedlings under 5m tall, 

shrubs, ferns, herbs and mosses); and heights for individual plants (tree seedlings under 

5m tall, shrubs, and ferns, and herbs). We tagged individuals with a basal diameter 

greater than one centimetre and recorded the dimensions of the individual including: 

basal diameter; height to crown; crown height; width; and length. 

Data Analysis  

Forest structure  

I described forest structure using basal area and stand density (stems/ha). Basal 

area in m2/ha is calculated as the basal area factor (BAF) multiplied by the number of 

trees counted within the variable radius plot: 
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 BA= BAF*(# of trees “in”) (Watts & Tolland 2005) 

The average number of trees “in” per plot across all plots was 7.46 (SD= 2.54, 

N= 107) pre-treatment (range: 2 trees (N=2) to 16 trees (N= 1)). 

Stems per hectare (SPH) requires a DBH measurement for calculation. 

Therefore SPH was only calculated for Stump plots. Each tree in a stump plot represents 

a number of trees per hectare. The number of trees per hectare represented by each 

tree was calculated as:  

TFt  =   BAF  =   BAF * 40,000    (Watts & Tolland 2005) 
                        bat            π * dbht

2 

Where:  

TFt  = the stems per hectare represented by tree t (each “in” tree in BAF sweep); 

 bat = the basal area of tree t in m2; 

 dbht = is the diameter at breast height for tree t in cm.  

This is then summed over all “in” trees to find the plot SPH. 

I tested for differences in mean BA and mean SPH among different plot types 

using the Tukey-Kramer HSD (honestly significant difference) test with JMP Version 9.0 

(Tukey 1953; Kramer 1956). Comparisons were tested among every combination of the 

following plot types: 

• control transects pre-treatment (C-pre)  
• control treatments post treatment (C-post), 
• control treatments one-year post treatment (C-yrpost),  
• treatment transects pre-treatment (T-pre),  
• treatment transects post treatment (T-post),  
• treatment transects one-year post treatment (T-yrpost),  

 

Light environment 

I used Gap Light Analyzer Version 2 (GLA 2.0) (Frazer et al. 1999; Frazer et al. 

2000b) to estimate light transmission for each plot before and after treatment. Total 

transmitted photosynthetic active radiation is calculated by GLA as the sum of direct 
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radiation (neither scattered nor absorbed by atmosphere), and diffuse radiation 

(scattered by the atmosphere; Frazer et al. 1999).      

GLA allows the researcher to enter site specific configurations for more accurate 

analysis. Site specific data was generated for elevation, latitude, longitude, spectral 

fraction, beam fraction, growing season, and cloudiness index. These last two variables 

were developed jointly using expert advice (Dr. K. Lertzman, A. MacKinnon, J. Pojar, G. 

Frazer, I. Giesbrecht) and local climate normals for degree days above 5°C and frost 

free period (MIEDS 2011; Wang et al. 2006). When provided with monthly estimates of 

these variables, GLA provides accurate light transmission estimates in areas with 

seasonally variable climate (Frazer et al. 2000a). The cloudiness index was created by I. 

Giesbrecht (2010). Calibration of the lens is necessary for accurate GLA analysis 

(Frazer et al. 1999). I used a calibration which was previously defined and successfully 

employed for this lens (Giesbrecht 2010). 

GLA uses manual thresholding to delineate sky and non-sky. While processing 

the photos, I followed methodology from Roburn (2003) and Giesbrecht (2010) to 

maintain consistency and reduce human error or bias. I used regional thresholding, a 

tool of GLA, to make sure that foliage against bright sky was not washed out, and small 

gaps near the horizon were not filled in.  

Following the initial analysis, I re-processed a number of photos taken in 2011 to 

assess my variability and accuracy in processing. The photos I chose to re-process were 

outliers that did not seem consistent with the dataset. The sky conditions were not ideal 

(very sunny) in outlier photos and had sun spots obscuring some vegetation. For re-

processing, I used the 2010 photos as a baseline for exposure and consistent 

vegetation, such as tree trunks and branches that had not changed.  

I tested for differences in mean percent Full Sun (FS), mean percent canopy 

openness (CO), and Leaf Area Index (LAI) among different plot types using the Tukey-

Kramer HSD (honestly significant difference) test with JMP Version 9.0 (Tukey 1953; 

Kramer 1956). Comparisons were tested among every combination of the following plot 

types: 

• control transects pre-treatment (C-pre)  
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• control treatments post treatment (C-post), 
• control treatments one-year post treatment (C-yrpost),  
• treatment transects pre-treatment (T-pre),  
• treatment transects post treatment (T-post),  
• treatment transects one-year post treatment (T-yrpost),  
• small mammal grids (SM) as a pre-treatment control comparison,  
• Windy Bay old growth (OG) as an old growth comparison,  

 The small mammal grids are a second research project happening as part of the 

restoration project. I took canopy photos in these grids as a secondary comparison for 

pre-treatment controls, to ensure accuracy of pre-treatment baseline conditions. Also, 

the Windy Bay old growth photo points were laid out with the same design as the small 

mammal grids in Sandy Creek, so comparability between designs had to be examined. If 

there had been a different trend in small mammal grids, Windy Bay old growth photos 

would have been compared to only small mammal grid photos. There was no difference 

between small mammal grids and C-pre, therefore Windy Bay old growth was compared 

to all data. Standard deviations for percent full sun were also compared among pre-

treatment, post-treatment, one-year-post treatments and old growth.  

Forest structure and light 

I created a lattice plot in R to visually examine any trends in the data. From this I 

deciphered a negative trend in the relationship of structure to light in the treatment 

transects due to the structural manipulations. This verified that effect was due to 

treatment and not transect or time effects. Therefore, I examined the relationships of 

forest structure variables (BS and SPH) and light (FS and CO) with all plots combined 

(treatment and control transects with pre, post and yrpost measurements) in order to 

evaluate the effect of structure on light along the continuum of light environment 

provided by these plot types. Further, since BA and light data were collected for ground 

plots and stumps, I averaged these values for each plot to avoid pseudoreplication in the 

regression analysis. 

I tested the relationship between forest structure variables and light environment 

using non-linear regression in JMP Version 9.0. Multiple sources in the literature cite a 

significant, negative, non-linear relationship between forest structure variables and light 
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(Poulin et al. 2000a; Drever & Letzman 2003; Clark & Murphy 2011). The analysis was 

performed using a simple negative non-linear model of exponential decay: 

Y= a * e(-b*x)  + ε 

where a and b are the model parameters, and ε is an error term. 

We verified assumptions of this model by looking at residuals plotted against 

predicted values to determine it was normal relationship, had constant variance and was 

curvilinear. 

Vegetation and light 

I used pre-treatment data to explore if there was a relationship between percent 

cover of shrubs on stumps and light. I summed percent cover of all shrub species on 

stumps. I used a square-root transformation to normalize percent shrub cover data. I 

examined the relationship between percent cover of both FS and CO using both a linear 

and non-linear regression in JMP Version 9.0. The non-linear model used was quadratic 

polynomial. 

Results 

Forest Structure 

In total, we created 16 gaps of various sizes across 0.9ha. Each of the three 

treatment transects was 0.3ha in size and 4-7 gap openings of 1-10 trees were made in 

each transect. 

Forest structure pre-treatment 

Before treatment, the overall average Basal Area (BA) throughout Sandy Creek 

in control transects (C) and treatment transects (T) was 76.12m2/ha (SD= 21.04). There 

was no significant difference in BA between control (C-pre) and treatment (T-pre) 

transects (BAC-pre:  x̄ = 71.77m2/ha, SE= 3.49, N= 16; BAT-pre: x̄ = 79.96m2/ha, SE= 6.03, 

N= 18; Tukey Kramer HSD, p-value= 0.7726, Table 3.1, Fig. 3.2). 
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The overall average stand density (SPH) throughout Sandy Creek in control 

transects and treatment transects was 488stems/ha (SD= 174.56). There was no 

significant difference in SPH between control (C-pre) and treatment (T-pre) transects 

(SPHC-pre: x̄ = 494stems/ha, SE= 46.52, N= 16;  SPHT-pre: x̄ = 483stems/ha, SE= 39.82, 

N= 18; Tukey Kramer HSD, p-value= 1.0000, Table 3.2, Fig. 3.3). 

Forest structure post-treatment 

After treatment, BA remained constant in control treatments from pre-treatment 

to post-treatment (BAC-post: x̄ = 71.77m2/ha, SE= 3.49, N= 16; p-value= 1.0000). In 

treatment transects, due to restoration treatments, BA decreased significantly (BAT-pre: x̄ 

= 79.96m2/ha, SE= 6.03, N= 18; BAT-post: x̄ = 48.02m2/ha, SE= 4.33, N=18; Tukey 

Kramer HSD, p-value= <0.0001, Table 3.1, Fig. 3.2). 

SPH also remained constant in control transects post-treatment (SPHC-post: x̄ = 

494stems/ha, SE= 46.52, N= 16; p-value= 1.0000). In treatment transects, due to 

restoration treatments, SPH also decreased significantly (SPHT-pre: x̄ = 483stems/ha, 

SE= 39.82, N= 18; SPHT-post: x̄ = 182stems/ha, SE= 41.10, N=54; Tukey Kramer HSD, 

p-value= <0.0001, Table 3.2, Fig. 3.3). 

Forest structure one-year-post 

Forest structure did not change as much as expected due to wind events over 

the year. Basal area in control transects showed a small and insignificant change from 

post-treatment to one-year-post (BAC-yrpost: x̄ = 72.45m2/ha, SE= 3.35, N=17; Tukey 

Kramer HSD, p-value= 1.0000; Table 3.1, Fig. 3.2). Treatment transects experienced 

very small and insignificant change of BA from post-treatment to one-year-post (BAT-

yrpost: x̄ = 47.83m2/ha, SE= 4.37, N=18; Tukey Kramer HSD, p-value= 1.0000; Table 3.1, 

Fig. 3.2).  

Stand density (SPH) in control transects also did not change from post-treatment, 

to one-year-post (SPHC-yrpost: x̄ = 494stems/ha, SE= 46.52, N=16; t-test, p-value= 1.000, 

Table 3.2, Fig. 3.3). SPH in treatment transects also showed a small and insignificant 

decrease from post-treatment to one-year-post (SPHT-post: x̄ = 182stems/ha, SE= 41.10, 
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N=54; SPHT-yrpost: x̄ = 179stems/ha, SE= 41.10, N=18; t-test, p-values= 1.0000; Table 

3.2, Fig. 3.3). 

Although there was no significant change in BA or SPH from post-treatment to 

one-year-post, there were noticeable impacts from the wind events over the year. A few 

small snags and trees fell across the plots, many branches came down within the 

transects (more so in treatment transects), and a number of trees at the mouth of the 

stream had fallen.  

Light Environment  

Light environment in Sandy Creek pre-treatment 

Before treatment, mean percent Full Sun (FS) was homogeneously low 

throughout Sandy Creek (x̄ = 11.36%, SD= 2.03); there was no significant difference in 

the light environment in Sandy Creek between control (C-pre) and treatment (T-pre) 

transects (FSC-pre: x̄ = 10.63%, SE= 0.24, N= 45; FST-pre: x̄ = 11.97%, SE= 0.30, N= 54; 

Tukey Kramer HSD, p-value= 0.2655, Table 3.3, Fig. 3.4). For further consideration of 

the homogeneity of the canopy conditions in Sandy Creek, we also compared mean 

percent FS pre-treatment conditions in our control and treatment transects to that in the 

small mammal (SM) study grids and found no significant difference (FSSM: x̄ = 12.19%, 

SE= 0.41, N= 33; Tukey Kramer HSD, FSSM and FSC-pre: p-value= 0.2363, FSSM and FST-

pre: p-value= 1.00, Table 3.3, Fig. 3.4).  

Mean percent Canopy Openness (CO) was 7.84% (SD= 1.23) throughout Sandy 

Creek pre-treatment (Table 3.4, Fig. 3.5). Mean Leaf Area (LAI) was 3.01m2m2 (SD= 

0.28; Table 3.5, Fig. 3.6) 

Light environment in Sandy Creek post-treatment  

After treatment, mean percent FS did not change significantly within control 

transects (FSC-pre: x̄ = 10.63%, SE= 0.24, N= 45; FSC-post: x̄ = 10.63%, SE= 0.24, N= 54; 

Tukey Kramer HSD, p-value= 1.0000, Table 3.3, Fig. 3.4). Within treatment transects, 

mean percent FS post-treatment was significantly different from pre-treatment conditions 

(FST-pre: x̄ = 11.97%, SE= 0.30, N= 54; FST-post: x̄ = 17.42%, SE= 0.35, N= 54; p-values= 

<0.0001, Table 3.3, Fig. 3.4).  
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After treatment, mean percent CO followed the same trend as FS; it did not 

change significantly in control transects (p-value= 1.0000), but did change significantly 

with treatment transects (COT-pre: x̄ = 8.17%, SE= 0.19, N= 54; COT-post: x̄ = 11.79%, SE= 

0.22, N= 54; p-values= <0.0001, Table 3.4, Fig. 3.5). Mean LAI also did not change 

significantly in control transects (1.0000), but changed significantly in treatment transects 

(LAIT-pre: x̄ = 3.00m2m2, SE= 0.04, N= 54; LAIT-post: x̄ = 2.51, SE= 0.04, N= 54; p-values= 

<0.0001, Table 3.5, Fig. 3.6).  

Light environment in Sandy Creek one-year-post-treatment  

One year after treatment, mean percent FS in control transects was significantly 

different between post-treatment and one-year-post (FSC-post: x̄ = 10.63%, SE= 0.24, N= 

45; FSC-yrpost: x̄ = 12.52%, SE= 0.35, N= 45, p-value= 0.0333, Table 3.3, Fig. 3.4). 

However, there was no significant difference in treatment transects between post-

treatment and one-year-post (FST-post: x̄ = 17.42%, SE= 0.35, N= 54; FST-yrpost: x̄ = 

17.24%, SE= 0.52, N= 54; p-value= 1.0000, Table 3.3, Fig. 3.4). There remained a 

significant difference between control and treatment transects one-year-post (FSC-yrpost: 

x̄ = 12.52%, SE= 0.35, N= 45; FST-yrpost: x̄ = 17.24%, SE= 0.52, N= 54; p-value= 

<0.0001; Table 3.3, Fig. 3.4). 

Mean percent CO was not significantly different between post-treatment and one-

year-post in control transects (p-value= 0.0656) or in treatment transects (p-value= 

0.9937; Table 3.4, Fig. 3.5). Mean LAI did change significantly in control transects (p-

value= 0.0231), but not in treatment transects (0.9999; Table 3.5, Fig. 3.6).  

Light environment in Sandy Creek compared to Windy Bay old growth  

The overall light environment (mean percent FS) in Sandy Creek pre-treatment 

(in control transects, treatment transects and small mammal grids) was significantly 

different from the old growth (OG) light conditions found in Windy Bay (FSOG: x̄ = 

16.18%, SE= 0.92, N= 32; p-values= <0.0001, Table 3.3, Fig. 3.4). Standard deviations 

of pre-treatment transects were low (FSC-pre: SD= 1.61, FST-pre: SD= 2.16, FSSM: SD= 

2.35). Mean percent CO was significantly different from OG throughout Sandy Creek 

pre-treatment (control transects, treatment transects and small mammal study grids; p-
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values= <0.0001, Table 3.4, Fig. 3.5). LAI followed the same trend (p-

values=<0.0001,Table 3.5, Fig. 3.6).  

The light environment (mean percent FS) in Sandy Creek post-treatment and 

one-year-post (in treatment transects) was no longer significantly different from the 

Windy Bay old growth comparison (FSOG and FST-post: p-value= 0.5095; FSOG and FST-

yrpost: p-value= 0.7011, Table 3.3, Fig. 3.4). The standard deviation for treatment 

transects post-treatment is higher than pre-treatment (FST-post: SD= 2.59) and one-year-

post standard deviation is higher yet (FST-yrpost: SD= 3.81). Although means are not 

significantly different between post-treatment and one-year-post, the increase of SD 

indicates a growing spread of values, becoming closer to that of old growth as measured 

in Windy Bay (FSOG: SD= 5.20). Mean percent CO was no longer significantly different 

from OG post-treatment (p-value= 0.4061), and was still not significantly different from 

OG one-year-post (p-value= 0.8392; Table 3.4, Fig. 3.5). Mean LAI was also not 

significantly different from OG post-treatment (p-value= 0.9964), nor one-year-post (p-

value= 1.000; Table 3.5, Fig. 3.6).  

Forest Structure and Light Environment 

The hypothesis that light increases with decreasing basal area is supported by 

the data. There was a significant linear relationship between basal area and percent full 

sun (r2= 0.22, p-value=<0.0001). Fitting a non-linear regression model appeared to 

correctly model the data as seen in Figure 3.7. The non-linear analysis shows a slightly 

better fit as it has smaller values for the sum of squares error (SSE) and root mean 

square error (RMSE; FS Linear model: SSE= 994.88, RMSE= 3.15, Y= 18.45 – 0.08X; 

FS Non-linear model: SSE= 890.18, RMSE= 3.00; Y= 29.02 e(-0.05X)+11.65; Fig. 3.7A). 

There seems to be an inflection point between approximately 40- 50m2/ha. 

Mean percent canopy openness showed a slightly stronger relationship with 

basal area (r2= 0.25, p-value=<0.0001). Again, the non-linear analysis shows a slightly 

better fit as it has smaller values for the sum of squares error (SSE) and root mean 

square error (RMSE; CO Linear model: SSE= 370.71, RMSE= 1.93, Y= 12.56 – 0.05X; 

CO Non-linear model: SSE= 312.91, RMSE= 1.78; Y= 25.21 e(-0.06X)+8.07; Fig. 3.7B). 

The inflection point is at the same place.  
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The hypothesis that understory light increases with decreasing stems per hectare 

is supported by the data. There was a significant linear relationship between stems per 

hectare and light, and although it is a slightly stronger relationship than basal area, still 

relatively weak (r2=0.31, p-value= <0.0001). The non-linear analysis shows a slightly 

better fit, again due to a smaller SSE and RMSE (FS Linear model: SSE= 882.96, 

RMSE= 2.97; Y= 16.81 – 0.01X; FS Non-linear model: SSE= 800.97, RMSE= 2.84; Y= 

7.90 e(-0.003X)+10.53; Fig. 3.8A). There seems to be an inflection point between 

approximately 200- 400stems/ha. 

Mean percent canopy openness showed a slightly stronger relationship with 

stand density (r2= 0.33, p-value=<0.0001). Again, the non-linear analysis shows a 

slightly better fit as it has smaller values for the sum of squares error (SSE) and root 

mean square error (RMSE; CO Linear model: SSE= 334.96, RMSE= 1.83, Y= 11.34 – 

0.01X; CO Non-linear model: SSE= 298.50, RMSE= 1.74; Y= 5.07 e(-0.003X)+7.40; Fig. 

3.8B). The inflection point is at the same place.  

Light Environment and Vegetation 

The data show a relationship between percent shrub cover on stumps and mean 

percent canopy openness (CO) in both the linear and non-linear analysis. The non-linear 

analysis for CO shows a slightly better fit than the linear analysis, due to a smaller SSE 

and RMSE, however both are very similar (CO Linear model: : r2= 0.30, p-value= 0.0013, 

SSE= 83.03, RMSE= 1.66, Y = -5.14 + 0.94X; CO Non-linear model: r2= 0.33, p-value= 

0.0031, SSE= 79.09, RMSE= 1.65; Y = -5.31 + 0.93X + 0.20(X-7.86)2; Fig. 3.9A).  

The data also show a relationship between percent shrub cover on stumps and 

mean percent full sun (FS) in both the linear and non-linear analysis. In this case, the 

linear analysis is a slightly better fit, but only very slightly (FS Linear model: : r2= 0.36, p-

value= 0.0003; SSE= 74.98, RMSE= 1.58, Y= -4.89 + 0.64X; FS Non-linear model: r2= 

0.36, p-value= 0.0014, SSE= 74.98, RMSE= 1.61; Y= -4.89 + 0.64X - 0.0003(X-11.08)2; 

Fig. 3.9B).  
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Discussion 

Treatment 

We targeted a range of openness treatments, rather than following a standard 

thinning procedure. This technique was well suited to the stand and follows 

recommendations to mimic old growth gap sizes (Lertzman et al. 1996; Deal 2007). It 

was more difficult than expected to achieve Category 1 plots and only open the canopy a 

small amount (1 to 24% of trees in stump plot) due to the dense, Sitka spruce canopy.  

Basal area and stems per hectare decreased significantly in treatment transects. 

Current literature on riparian restoration states that stems per hectare ranging between 

150- 800 is desirable (Bancroft & Zielke 2002).  Our final measurement in treatment 

transects one-year-post treatment was on the low side of this spectrum, at 179 stems/ha 

(SD= 174). Still, an assessment of our treatments one year after the restoration 

recommended that the gaps could have been bigger (Muise 2011).  

Since we reduced density in clusters, the stand now has greater heterogeneity, 

increasing the possibility for diversity. This follows our understanding of the high 

heterogeneity of old growth forests; vertical and horizontal structural spatial patterns are 

more diverse (Franklin et al. 2002), old growth canopies are open, and more 

heterogeneous in their openness (Frazer et al. 2000a), and heterogeneity of the light 

environment creates niches for different species (Giesbrecht 2010). The variability 

present in these aspects of old growth forests can be seen higher interquartile ranges of 

forest structure and light.  Although we reduced BA and SPH to a mean more similar to 

old growth, the spread of data in our treated plots is much less than that of old growth. 

Wind is known to be a driving factor for stand dynamics in the north coast 

(Nowacki & Kramer 1998; Kramer et al. 2001; DeGayner et al. 2005), and we did 

experience a number of severe wind events in the winter between “post” and “one-year 

post” treatment. We expected to see greater change in the forest structure of Sandy 

Creek between post-treatment and one-year-post due to wind. In the winter between our 

two field seasons, Gwaii Haanas experienced a number of severe wind events. Nearby 

islands experienced major blowdown. However, despite this major windstorm over the 

winter, there were no significant differences in BA and density in our transects between 
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post-treatment and one-year-post samples. In fact, it is interesting, with such a severe 

wind event, and the magnitude of wind damage in nearby stands that we saw very little 

impact of the storm on the study stands. Even partial harvesting in this type of stand is 

often believed to be associated with subsequent windthrow. We did see visual evidence 

of wind effects in the stand such as downed trees at the mouth of the stream, and many 

downed small snags and branches throughout the stand. We expect the major wind 

effect was within the canopy layer via the loss of branches, and therefore was not 

apparent in measures of BA or SPH. It was, however, captured in the light 

measurements (see below).  Wind storm effects are strongly influenced by topography 

(Harcombe et al. 2004; Kramer et al Alaksa). Although Gwaii Haanas experienced many 

wind events throughout the winter, Sandy Creek was mostly sheltered from the dominant 

wind directions.  

Light Environment 

Light environment in the understory was successfully increased due to 

restoration. Means of percent full sun and canopy openness increased significantly after 

restoration and were not significantly different from old growth. The mean of percent full 

sun pre-treatment (11.97%) increased to a mean very similar to old growth (17.24% vs. 

old growth: 16.18%). Alternatively, the mean percent full sun in a restoration project in 

Spirit Creek, Vancouver Island, BC, changed from 16% to 30% (Hutchinson 2011). It is 

known that canopy closure can occur after treatment, both from infilling by adjacent 

canopies and release of saplings in the understory, and may decrease the light 

environment again (Beaudet & Messier 2002). Creating larger openings could be more 

effective in the long run, since released conifers may soon close the gaps created by 

restoration. However, unknown variables such as wind need to be taken into 

consideration. 

Most interestingly, the spread of data, or variability, also changed similar to old 

growth conditions. The results show that we created a range of light from 8.54- 27.74% 

full sun in the one-year-post treatment transects, no longer significantly different from the 

Windy Bay old growth comparison, which has a range of light from 9.97- 30.18% full sun. 

The Windy Bay old growth benchmark is comparable to recent research for two coastal 

temperate old growth Sitka spruce floodplain forests. The light environment of these two 
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forests ranges between 9.5- 34% full sun for the Kitlope stand and 5.7- 30% full sun for 

the Carmanah stand (Giesbrecht 2010). Canopy openness increased and leaf area 

decreased similar to old growth benchmarks described by Frazer et al. (2000a).  

Standard deviations of mean percent full sun also provide noteworthy results. 

Compared to the standard deviation of Windy Bay old growth (5.20%), the standard 

deviation in Sandy Creek changed from 1.60% in pre-treatment controls to 2.59% in 

post-treatment and 3.81% in one-year-post treatment transects. A greater standard 

deviation of percent full sun, representing a greater spread of the data, or more 

variability in the light environment, is consistent with our understanding of inherent 

heterogeneity in old growth characteristics, including light (Franklin et al. 2002; 

Giesbrecht 2010). For example, the Windy Bay old growth standard deviation is 

comparable to standard deviations of percent full sun in the old growth forests of the 

Kitlope (4.8%) and Carmanah Valley (5.0%) as measured by Giesbrecht (2010).  The 

increase in standard deviation for one-year post treatment transects is most likely due to 

the wind events throughout the winter.  

 
Forest Structure and Light Relationship 

Our results illustrate a relationship between forest structure variables and light, 

best fit by a non-linear relationship. The relationship for SPH and light is stronger than 

that of BA. It could be suggested that this is difference is due to our treatments, which 

preferentially cut trees with smaller DBH, thus impacting the change of SPH more than 

BA. The non-linear regression between SPH and light shows a weak inflection point 

between approximately 200- 400stems/ha. This corresponds with other studies’ findings. 

Drever and Lertzman (2003) illustrate an inflection point for stand density at 

approximately 400 stems/ha. 

The weakness of the relationship between forest structure variables and light 

may be due to a number of factors. The fact that the light environment increased over 

the winter, yet forest structure variables remained constant may be due to the wind 

events which the site experienced throughout the winter. There was evidence of wind 

disturbance, including blowdown near the mouth of the stream, and many branches and 

small snags had fallen on the exclosures. Canopy structure, such as variability in crown 



 

71 

structure, can influence understory light environment (Lhotka & Lowoenstein 2006; 

Schindler et al. 2011). A combination of more forest structure variables would better 

capture these canopy changes. Values also could have varied depending on the where 

the gap opening occurred in relation to the sampling point. Furthermore, Haida Gwaii 

may have a higher DBH to forest age ratio than other coastal forests and this may affect 

canopy dynamics or comparative structural measures. Lastly, limitations in the data such 

as small sample sizes and high variability may have caused a lack of power in predicting 

a relationship.  

Other research that has found a stronger relationship between forest structure 

and light either used different variables to quantify both forest structure and light or had a 

larger sample size. Clark and Murphy (2011) examined the use of hemispherical 

photography measurements for estimating forest biomass and found a significant 

correlation with light, however they focused on crown and branch biomass, rather than 

BA and SPH. A stronger relationship was found in Drever and Lertzman (2003) with 

respect to DBH, BA, SPH and volume compared to percent full sun. However, their 

sample size was larger (N=70). 

Estimated Future Vegetation Response  

Preliminary analysis shows a relationship between percent shrub cover on 

stumps and both percent CO and FS. More research is needed to further analyze these 

relationships. The dynamics of light over stand development likely contributed to the 

vegetation developing under a different light regime that is no longer evident. 

Alternatively, confounding relationships could have been more limiting than light, for 

example, the characteristics of the stump itself, such as decay, species, height or 

surface area. However preliminary analysis suggests these relationships are insignificant 

(see Chapter 2). A larger sample size of stumps with a greater variation of percent shrub 

cover, and percent CO and FS, would provide greater power to resolve this. Since 

Sandy Creek was strongly homogeneous in all of these characteristics, expanding the 

study to other watersheds with greater variation would be useful.  

It is generally accepted that the diversity of understory vegetation is affected by 

various overstory characteristics (Alaback & Herman 1988; Tappeiner & Alaback 1989; 

Brosofske et al. 2001), and that the decline in understory development after canopy 
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closure is related to both basal area and percentage of canopy cover (Alaback 1982; 

Alaback & Herman 1988; Hanley & Brady 1997; Deal 2001). Kerns and Ohmann (2004) 

found a negative relationship between shrub cover and basal area in coastal Oregon 

forests, and used tree models to provide thresholds for predicting shifts in shrub cover. 

Furthermore, research shows that not only light availability, but also soil moisture 

content, and throughfall precipitation made available by canopy openings, increases 

understory biomass (Anderson et al. 1969). Literature shows that ground vegetation 

cover can indicate recovery of old growth conditions (Alaback 1982; Gerzon 2009). A 

relationship of this nature would be interesting for managers to understand the 

vegetation effects of restoration in Sandy Creek. However, due to the effect of deer 

browse, vegetation will not be able to fill this indicator role, nor show the same 

relationship as other ecosystems. 

This paper does not examine the response of ground vegetation due to canopy 

opening treatments due to the short time period of the study. Chapter 2 explores growth 

in exclosures over the one year time period. Perhaps in the future, if exclosures are 

maintained, we will be able to detect difference in vegetation, distinguishing treatment 

effect from browse effect. At the present time, we can merely make some educated 

guesses that understory in all exclosures will thrive more than in open ground plots, and 

those in treated areas may thrive more than those in control areas.  

Management Implications  

This research shows that the methodology employed in Sandy Creek 

successfully created a range understory light conditions similar to old growth conditions.  

Second growth floodplain spruce forests do not typically reflect the habitat diversity 

expressed in old growth on similar sites. The light regime in Sandy Creek before 

restoration illustrates this homogeneity.  

Creating gaps of the magnitude we did shifts the light regime in these second 

growth forests to one which is more similar to nearby old growth and we expect, in the 

absence of overwhelming herbivory, that this would be reflected in understory plant 

diversity and productivity. Managers who wish to undertake restoration of second growth 

floodplain spruce forests so that they provide habitats more similar to the mix in old 
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growth should consider gap creation, but should ensure that gaps are large enough to 

make a meaningful difference in light regime. In our study, this was reached by a 

reduction in stem density to around 200-400sph.   

More research is needed in a number of areas. First, research is needed to 

ascertain how this stem density is reflected in actual gap sizes. Second, it would be 

worthwhile to re-analyze the vegetation and light environment in Sandy Creek in the 

future to monitor the changes over time. Lastly, these suggested studies as well as the 

ongoing studies in the area could be effectively integrated to enhance the outcomes of 

the overall riparian restoration project and efficiency of resource use.  

Conclusion 

The restoration successfully created a range of openness treatments surrounding 

stumps. We experienced difficulty in creating smaller canopy gaps, due to the challenge 

of falling in this type of stand (dense Sitka spruce). However, BA and SPH both were 

reduced to levels recommended by the literature, and FS increased post treatment due 

to the restoration and increased in standard deviation one-year post restoration due to 

wind events. Treatment transects were no longer significantly different in mean FS from 

old growth conditions after restoration. Furthermore, the standard deviation grew from 

post to one-year post treatment due to the wind events over the year, becoming more 

similar to the range of light environments available in our old growth reference condition.  

This study investigated the effect of a riparian restoration project on canopy light 

in Haida Gwaii, British Columbia. There is currently limited published literature 

investigating this relationship, quantitatively, for this ecosystem. Studies have described 

old growth canopy conditions, which serve a valuable comparison and benchmark for 

restoration projects such as this, yet still leave a gap in knowledge of how to achieve 

this. Other studies have described similar riparian restoration projects. None, however, 

have focused on a second growth Sitka spruce dominated floodplain ecosystem type. 

Since this ecosystem type is essential for many salmon bearing streams along the 

Central and North Coasts of British Columbia, and since so much of this ecosystem type 
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has been logged, it is extremely important that we start documenting restoration 

attempts and their outcomes to be able to be increasingly effective in these endeavours.  
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Tables and Figures 

Tables 

Table 3.1. Comparison of basal area for control (C) and treatment (T) transects, 
pre-treatment (-pre), post-treatment (-post), and one-year-post          
(-yrpost).  
A. Descriptive statistic results for the Tukey Kramer HSD test (N= 
sample size).  
B. Matrix of p-values from Tukey Kramer HSD means comparisons.  

A.  

Plot Type Correlation* N Mean Std Error** Lower 95% Upper 95% 
C-pre A  46 71.41 3.08 65.20 77.62 

C-post A  46 71.41 3.08 65.20 77.62 

C-yrpost A  46 71.41 3.08 65.20 77.62 

T-pre A  54 79.96 4.03 71.87 88.06 

T-post  B 54 48.02 3.22 41.55 54.48 

T-yrpost  B 54 47.83 3.24 41.33 54.34 

* Levels not connected by same letter are significantly different. 
** Std Error uses a pooled estimate of error variance 

*Note – p-values in bold are significant  

B. 

 C-pre C-post C-yrpost T-pre T-post T-yrpost 
C-pre - 1.000 1.000 0.4697 <.0001* <.0001* 
C-post 1.000 - 1.000 0.4697 <.0001* <.0001* 
C-yrpost 1.000 1.000 - 0.4697 <.0001* <.0001* 
T-pre 0.4697 0.4697 0.4697 - <.0001* <.0001* 
T-post <.0001* <.0001* <.0001* <.0001* - 1.000 

T-yrpost <.0001* <.0001* <.0001* <.0001* 1.000 - 
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Table 3.2. Comparison of stems per hectare in control (C) and treatment (T) 
transects, pre-treatment (-pre), post-treatment (-post), and one-year-
post (-yrpost).  
A. Descriptive statistic results for the Tukey Kramer HSD test (N= 
sample size).  
B. Matrix of p-values from Tukey Kramer HSD means comparisons  

A. 

Plot Type Correlation* Number Mean Std Error** Lower 95% Upper 95% 
C-pre A  16 494 46.52 395 593 

C-post A  16 494 46.52 395 593 

C-yrpost A  16 494 46.52 395 593 

T-pre A  18 483 39.82 399 567 

T-post  B 18 182 41.10 95 268 

T-yrpost  B 18 179 41.10 92 265 

* Levels not connected by same letter are significantly different. 
** Std Error uses a pooled estimate of error variance 

*Note – p-values in bold are significant  

B. 

 C-pre C-post C-yrpost T-pre T-post T-yrpost 
C-pre - 1.000 1.000 1.000 <.0001* <.0001* 
C-post 1.000 - 1.000 1.000 <.0001* <.0001* 
C-yrpost 1.000 1.000 - 1.000 <.0001* <.0001* 
T-pre 1.000 1.000 1.000 - <.0001* <.0001* 
T-post <.0001* <.0001* <.0001* <.0001* - 1.000 

T-yrpost <.0001* <.0001* <.0001* <.0001* 1.000 - 
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Table 3.3. Mean percent full sun in control (C) and treatment (T) transects, pre-
treatment (-pre), post-treatment (-post), and one-year-post (-yrpost). 
Also included are small mammal study grids (SM), used as 
comparison for pre-treatment conditions, and Windy Bay old growth 
(OG).  
A. Descriptive statistic results for the Tukey Kramer HSD test (N= 
sample size).  
B. Matrix of p-values from Tukey Kramer HSD means comparisons.  

A.  

Plot Type Correlation* Number Mean Std Dev Std Error**  Lower 95% Upper 95% 
SM A B  33 12.20 2.35 0.41 11.36 13.03 

C-pre A   46 10.63 1.60 0.24 10.16 11.11 

C-post A   46 10.63 1.60 0.24 10.16 11.11 

C-yrpost  B  46 12.52 2.39 0.35 11.81 13.27 

T-pre A B  54 11.97 2.17 0.30 11.38 12.57 

T-post   C 54 17.42 2.59 0.35 16.71 18.13 

T-yrpost   C 54 17.24 3.81 0.52 16.20 18.28 

OG   C 32 16.18 5.20 0.92 14.31 18.06 

* Levels not connected by same letter are significantly different. 
** Std Error uses a pooled estimate of error variance 

*Note – p-values in bold are significant  

B. 

 SM C-pre C-post C-yrpost T-pre T-post T-yrpost OG 
SM - 0.2363 0.2363 0.9997 1.0000 <.0001* <.0001* <.0001* 
C-pre 0.2363 - 1.000 0.0333* 0.2655 <.0001* <.0001* <.0001* 
C-post 0.2363 1.000 - 0.0333* 0.2655 <.0001* <.0001* <.0001* 
C-yrpost 0.9997 0.0333* 0.0333* - 0.9803 <.0001* <.0001* <.0001* 
T-pre 1.0000 0.2655 0.2655 0.9803 - <.0001* <.0001* <.0001* 
T-post <.0001* <.0001* <.0001* <.0001* <.0001* - 1.000 0.5095 

T-yrpost <.0001* <.0001* <.0001* <.0001* <.0001* 1.000 - 0.7011 

OG <.0001* <.0001* <.0001* <.0001* <.0001* 0.5095 0.7011 - 
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Table 3.4. Mean percent Canopy Openness in control (C) and treatment (T) 
transects, pre-treatment (-pre), post-treatment (-post), and one-year-
post (-yrpost). Also included are small mammal study grids (SM), 
used as comparison for pre-treatment conditions, and Windy Bay 
old growth (OG).  
A. Descriptive statistic results for the Tukey Kramer HSD test (N= 
sample size).  
B. Matrix of p-values from Tukey Kramer HSD means comparisons.  

A. 

Level Correlation* Number Mean Std Dev Std Error** Lower 95% Upper 95% 
SM  B  33 7.90 1.49 0.26 7.37 8.43 

C-pre A   46 7.47 0.90 0.13 7.20 7.74 

C-post A   46 7.47 0.90 0.13 7.20 7.74 

C-yrpost A B  46 8.50 1.20 0.18 8.14 8.85 

T-pre A   54 8.17 1.39 0.19 7.79 8.55 

T-post   C 54 11.79 1.60 0.22 11.35 12.23 

T-yrpost   C 54 11.54 2.47 0.34 10.86 12.21 

OG   C 32 11.00 2.64 0.47 10.05 11.96 

* Levels not connected by same letter are significantly different. 
** Std Error uses a pooled estimate of error variance 

*Note – p-values are significant  

B. 

 SM C-pre C-post C-yrpost T-pre T-post T-yrpost OG 
SM - 0.9508 0.9508 0.7665 0.9959 <.0001* <.0001* <.0001* 
C-pre 0.9508 - 1.000 0.0656 0.4243 <.0001* <.0001* <.0001* 
C-post 0.9508 1.000 - 0.0656 0.4243 <.0001* <.0001* <.0001* 
C-yrpost 0.7665 0.0656 0.0656 - 0.9771 <.0001* <.0001* <.0001* 
T-pre 0.9959 0.4243 0.4243 0.9771 - <.0001* <.0001* <.0001* 
T-post <.0001* <.0001* <.0001* <.0001* <.0001* - 0.9937 0.4061 

T-yrpost <.0001* <.0001* <.0001* <.0001* <.0001* 0.9937 - 0.8392 

OG <.0001* <.0001* <.0001* <.0001* <.0001* 0.4061 0.8392 - 
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Table 3.5. Mean percent Leaf Area in control (C) and treatment (T) transects, 
pre-treatment (-pre), post-treatment (-post), and one-year-post (-
yrpost). Also included are small mammal study grids (SM), used as 
comparison for pre-treatment conditions, and Windy Bay old growth 
(OG).  
A. Descriptive statistic results for the Tukey Kramer HSD test (N= 
sample size).  
B. Matrix of p-values from Tukey Kramer HSD means comparisons.  
 

A. 

Plot Type Correlation* Number Mean Std Dev Std Error** Lower 95% Upper 95% 
SM A  33 2.95 0.26 0.05 2.86 3.04 

C-pre A  46 3.02 0.25 0.04 2.94 3.09 

C-post A  46 3.02 0.25 0.04 2.94 3.09 

C-yrpost A  46 2.81 0.24 0.04 2.74 2.88 

T-pre A  54 3.00 0.31 0.04 2.92 3.09 

T-post  B 54 2.51 0.28 0.04 2.43 2.58 

T-yrpost  B 54 2.53 0.37 0.05 2.43 2.63 

OG  B 32 2.55 0.37 0.07 2.42 2.69 

* Levels not connected by same letter are significantly different. 
** Std Error uses a pooled estimate of error variance 

*Note – p-values are significant  

B. 

 SM C-pre C-post C-yrpost T-pre T-post T-yrpost OG 
SM - 0.9689 0.9689 0.4930 0.9896 <.0001* <.0001* <.0001* 
C-pre 0.9689 - 1.000 0.0231* 1.000 <.0001* <.0001* <.0001* 
C-post 0.9689 1.000 - 0.0231* 1.000 <.0001* <.0001* <.0001* 
C-yrpost 0.4930 0.0231* 0.0231* - 0.0321* <.0001* <.0001* <.0001* 
T-pre 0.9896 1.000 1.000 0.0321* - <.0001* <.0001* <.0001* 
T-post <.0001* <.0001* <.0001* <.0001* <.0001* - 0.9999 0.9964 

T-yrpost <.0001* <.0001* <.0001* <.0001* <.0001* 0.9999 - 1.000 

OG <.0001* <.0001* <.0001* <.0001* <.0001* 0.9964 1.000 - 
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Figure 3.1. Percent of Trees Cut vs. Number of Plots.  
 Histogram bars represent categories of treatment. For example, the bar on the far left in 

the histogram represents all plots that had 0 – 25% of its trees counted in the BAF sweep 
cut. There were two plots in this category. The numbers on the top of the bar represent 
the minimum and maximum number of trees cut in those plots. The box plot on top shows 
the sample distribution. The left and right ends of the box are the 25th and 75th quantiles. 
The line in the middle represents the median sample value. Any point that lies outside the 
outside lines, or ‘whiskers’, may be considered possible outliers.  
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Figure 3.2. Basal Area (BA) pre-treatment, post-treatment, and one-year-post in 
control and treatment transects.  

 I used Tukey-Kramer HSD to compare the means of basal area pre-treatment, post-
treatment and one-year-post across control and treatment transects. The circles illustrate 
the comparison of means tests; the closer the circles are together, the more similar the 
groups are. If the outside edge of the circles intersect by an angle more than 90 degrees 
or are nested, the means are not significantly different. If the outside edge of the circles 
either do not intersect or slightly intersect so that the outside angel of intersection is less 
than 90 degrees, the means are significantly different. For example, the bottom circle 
identifies basal area in treatment transects post-treatment and one-year-post as 
significantly different from control transects pre-treatment, post-treatment and one-year-
post, as well as from treatment transects pre-treatment. Please refer to Figure 2.4 for 
boxplot details, and Table 3.1 for test results (means, standard errors, p-values).  

  

 



 

82 

 

Figure 3.3. Stand density (stems/ha) pre-treatment, post-treatment, and one-
year-post in control and treatment transects.  

 I used Tukey-Kramer HSD to compare the means of SPH pre-treatment, post-treatment 
and one-year-post across control and treatment transects. Please refer to Fig 3.2 for 
details on how to read comparison circles. For this graph, the bottom circle identifies SPH 
in treatment transects post-treatment and one-year-post as significantly different from 
control transects pre-treatment, post-treatment and one-year-post, as well as from 
treatment transects pre-treatment. Please refer to Figure 2.4 for boxplot details, and 
Table 3.2 for test results (means, standard errors, p-values).  
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Figure 3.4. Percent Full Sun (%FS) in pre-treatment, post-treatment, and one-
year-post conditions in control and treatment transects, compared 
to the small mammal grids pre restoration (SM), and the old growth 
stand in Windy Bay (OG).   

 I used Tukey-Kramer HSD to compare the means of %FS pre-treatment, post-treatment 
and one-year-post across control and treatment transects. Please refer to Fig 3.2 for 
details on how to read comparison circles. For this graph, the top cluster of circles 
identifies %FS in treatment transects post-treatment and one-year-post as well as old 
growth as significantly different from control transects pre-treatment, post-treatment and 
one-year-post, as well as from treatment transects pre-treatment. Please refer to Figure 
2.4 for boxplot details, and Table 3.3 for test results (means, standard errors, p-values). 
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Figure 3.5. Percent Canopy Openness (%CO) in pre-treatment, post-treatment, 
and one-year-post conditions in control and treatment transects, 
compared to the small mammal grids pre-treatment (SM), and the 
old growth stand in Windy Bay (OG).   

 I used Tukey-Kramer HSD to compare the means of %CO pre-treatment, post-treatment 
and one-year-post across control and treatment transects. Please refer to Fig 3.2 for 
details on how to read comparison circles. For this graph, the top cluster of circles 
identifies %CO in treatment transects post-treatment and one-year-post as well as old 
growth as significantly different from control transects pre-treatment, post-treatment and 
one-year-post, as well as from treatment transects pre-treatment. Please refer to Figure 
2.4 for boxplot details, and Table 3.4 for test results (means, standard errors, p-values). 
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Figure 3.6. Leaf Area Index (LAI) in pre-treatment, post-treatment, and one-year-
post conditions in control and treatment transects, compared to the 
small mammal grids pre-treatment (SM), and the old growth stand in 
Windy Bay (OG).   

 I used Tukey-Kramer HSD to compare the means of LAI pre-treatment, post-treatment 
and one-year-post across control and treatment transects. Please refer to Fig 3.2 for 
details on how to read comparison circles. For this graph, the bottom cluster of circles 
identifies LAI in treatment transects post-treatment and one-year-post as well as old 
growth as significantly different from control transects pre-treatment, post-treatment and 
one-year-post, as well as from treatment transects pre-treatment. Please refer to Figure 
2.4 for boxplot details, and Table 3.5 for test results (means, standard errors, p-values). 
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A.  

 
 

B.  

 

Figure 3.7. Non-linear regression between A. percent Full Sun (%FS) and basal 
area (BA), and B. percent Canopy Openness (%CO) and BA. 

 The black ‘Y’ and ‘Δ’ signify the treatment transect post and one-year post treatment. 
Treated plots are generally clustered in the top left corner. BA, FS, and CO data are 
averaged among each stump and its associated ground plots.  
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A.  

 

B.  

 

Figure 3.8. Non-linear regression between percent A. Full Sun (%FS) and stand 
density (SPH), and B. Canopy Openness (%CO) and SPH.   

 The black triangle and ‘Y’ signify the treatment transect post and one-year post 
treatment. Treated plots are generally clustered in the top left corner. SPH and % Full 
Sun data are from stump plots only, not ground plots.
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A.  

 

B.  

 

Figure 3.9. Relationship between percent stump shrub cover A. percent Canopy 
Openness (CO), and B. percent Full Sun (FS). 

 The grey circle represents control transects and the black cross represents treatment 
transects, however all data is from 2010 pre-treatment. CO is best fit by the non-linear 
polynomial, whereas FS is best fit with a linear model.  
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Appendix A. Complete Species List 

Code Scientific Name Common Name Present in Ground (G), 
Stump (S), or both (G/S) 

SEEDLINGS  
WESTHEM Tsuga heterophylla Western hemlock G/S 
SITKSPR Picea sitchensis Sitka spruce G/S 
SHRUBS  
GAULSHA Gaultheria shallon Salal S 
MENZFER Menziesia ferruginea False azalea G/S 
RUBU SPE Rubus spectabilis Salmonberry G/S 
SAMBRAC Sambucus racemosa Red elderberry S 
VACCALA Vaccinium alaskaense Alaskan blueberry S 
VACCOVA Vaccinium ovalifolium Oval-leaved blueberry S 
VACCPAR Vaccinium parvifolium Red huckleberry G/S 
FERNS 
ATHYFIL Athyrium filix-femina Lady fern G 
BLECSPI Blecnum spicant Deer fern G 
DRYOEXP Dryopteris expansa Spiny wood fern G/S 
POLYGLY Polypodium glycyrrhiza Licorice fern S 
POLYMUN   Polystichum munitum Sword fern G 
HERBS 
CLAYSIB Claytonia siberica Siberian miner’s lettuce G 
CLINUNI Clintonia uniflora Queen’s cup G 
GALITRI Galium triflorum Sweet-scented bedstraw G 
LINNBOR Linnaea borealis Twinflower G 
LIST  Listera sp. Twayblade G/S 
MAIADIL Maianthemum dilatatum False lily-of-the-valley S 
MONEUNI Moneses uniflora Single delight G/S 
STACCOO Stachys cooleyae Cooley’s hedge-nettle G 
TIARTRI Tiarella trifoliata Foamflower G 
VIOLBC Viola biflora ssp. 

carlottae 
Queen Charlotte twinflower 
violet 

G 

MOSSES 
CLIMDEN Climacium dendroides Tree moss   
CONOCON Conocephalum conicum Snake liverwort   
DICR Dicranum sp     
HOOKLUC Hookeria lucens Clear moss   
HYLOSPL Hylocomium splendens Step moss   
KINDORE Kindbergia oregana Oregon Beaked moss   
LYCO Lycopodium sp. Clubmoss   
PLAGPOR Plagiochila porelloides Cedar-shake liverwort   
PLAGUND Plagiothecium 

undulatum 
Wavy-leaved Cotton moss   

POLY Polytrichum sp Haircap moss   
RADUCOM Radula complanata Flat-leaved liverwort   
RHIZGLA Rhizomnium glabrescens Fan moss   
RHYTLOR Rhytidiadelphus loreus Lanky moss   
RICC Riccardia sp Comb liverwort   
SPHAG Sphagnum sp Peat moss   
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