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1.0 INTRODUCTION 
 
Animal pollination drives the production of 35% of the global crops we depend on to 

sustain us (Nicholls & Alteri, 2012), and bees alone pollinate more flowers than any other animal on 
earth (LifeCycles Project Society, n.d.). Pollination by animals is a key ecosystem service, a term that 
refers to the benefits humans receive from products produced from organisms interacting within 
healthy ecosystems (Klein et al., 2007). Unfortunately, bee populations have been shown to be in 
decline worldwide, with an unprecedented accelerated rate seen in North America since 2004 
(Nicholls & Alteri, 2012). A loss of pollinators not only impacts global food production, but also 
destabilizes ecosystems to a large extent (LifeCycles Project Society, n.d.).  

There are a number of proposed reasons for pollinator losses, including habitat loss and 
fragmentation (due to urbanization and land-use change), agrochemicals (imidacloprid, for example), 
pathogens, alien species, climate change, and the many complex confounding variables between 
them (Potts et al., 2010). The European honey bee (Apis mellifera) is the pollinator that has seen the 
most rapid rate of decline, beginning in the latter half of the 20th century (Potts et al., 2010). It is also 
the most highly managed in the context of agricultural production and assisted pollination, since 
honey bees are reliable pollinators that are cheap and easy to manage and move (LifeCycles Project 
Society, n.d.). The dependence of agricultural industries, wild plants, and backyard gardens on a 
single species is problematic (Potts et al., 2010), and makes ecosystems less resilient to stressors in 
the environment. For example, on Southern Vancouver Island, two mites have been threatening 
honey bee populations: the varroa mite (Varroa destructor) and the tracheal mite (Acarapis woodi 
(Rennie)) (LifeCycles Project Society, n.d.). This presents an opportunity to restore indigenous bees 
to areas where there is now empty niche space.  

It is not only honey bees that have been suffering, but an estimated 70-90% of indigenous 
bee populations have been destroyed due to anthropogenic influences such as urbanization and 
increased use of pesticides (Buchmann & Nabhan, 1996). Restoring indigenous bees can benefit 
ecosystems that have seen pollination decrease recently, and could potentially reinforce pollination 
in those areas to a higher rate than previously seen. The blue orchard mason bee (Osmia lignaria) has 
a pollination rate of 95%, which is 65 times more efficient than the European honey bee (LifeCycles 
Project Society, n.d.). The work of 250-750 O. lignaria can replace the work done by 60,000-120,000 
honeybees in the same small area of one acre (Orchard Bees, n.d.). Schaffer et al. (1983) showed that 
honey bees, colonial generalists, frequently outcompete native bee species. This niche overlap leaves 
native bees with less preferential areas of pollination and angiosperm species. Restoring native 
pollinators to an area that has become degraded by development will benefit both the ecosystem and 
the humans who benefit from the services the ecosystem provides. 

The purpose of this project is to re-establish a population of O. lignaria to the Cedar Hill 
Corner property, formerly known as the CJVI lands. This will be done by a succession of steps that 
include removal of invasive species present at the current site, establishment of native plant species 
to encourage increased pollination and a corridor to the nearby Mystic Vale protected area, 11.6 
acres of natural coniferous woodland. The former apple orchard that is found on the property will 
be maintained and bee boxes will be established to aid in the reintroduction of O. lignaria. Eventually 
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more of the property of Cedar Hill Corner will be planted with native apple trees and native plants, 
in hopes to re-establish a functioning ecosystem in this barren plot, complete with native pollinators. 
One of the biggest threats to bee diversity around the world is habitat loss, and by restoring habitat 
that will support native bees, we hope to encourage other pollinators to also come to this area and 
by doing so, also beautify an area that is currently an open, unnaturally cleared site.  

 
2.0 PROJECT SCOPE, GOALS, & OBJECTIVES 
  

Considering the complexities involved in restoring O. lignaria habitat, it is essential that 
specific goals and objectives be outlined in order to ensure our restoration project is on a linear 
trajectory. The four goals we outline below are a reflection of what we specifically hope to achieve 
through this restoration design. Below each and every goal are a number of objectives. These 
objectives are designed to support particular goals by providing specific activities that will enable the 
achievement of our goals.  

 Our goals and objectives are designed to be effective, efficient and engaging according to the 
IUCN Principles and Guidelines (Keenelyside et al., 2012). Within our restoration design, we have 
purposefully designed our goals and objectives to be effective based on their capacity to benefit the 
ecosystem, to enhance resilience, and to promote connectivity beyond the borders of our site. We 
also prioritize goals and objectives based on their ability to ensure efficiency. Goals and objectives 
are chosen based on their ability to provide maximum benefits, and minimal costs. Additionally, in 
order to ensure our design is engaging, we have plenty of room for public education, consultation, 
participation, and collaboration; likewise, the success of our restoration project is profoundly reliant 
on volunteerism.  

 The following goals and objectives provide a clear picture of effective, efficient and engaging 
restoration design. 

Goal 1.0: Establish a healthy population of O. lignaria to the Cedar Hill Corner property. 

Objective 1.1: Establish human-made bee boxes to provide additional nesting sites for O. 
lignaria. 

Objective 1.2: Introduce an O. lignaria population to the site via man-made bee boxes. 

Goal 2.0: Sustain O. lignaria populations, and increase regional pollination services by providing the 
diversity of habitats necessary for their survival.  

Objective 2.1: Establish a diversity of native plants within the site, ensuring that each plant 
is appropriately placed depending on its requirements for survival.  

Objective 2.2: Position bee boxes within appropriate ranges to flowering plants and areas 
with woody debris, mud and water sources. 

Objective 2.3: Remove invasive species from the site, eradicating the species when possible. 
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Objective 2.4: Ensure that the flowering plants chosen offer a succession of blooming 
periods in order to support O. lignaria throughout the whole pollination season. 

Objective 2.5: Maintain the apple orchard within the site.  

Goal 3.0: Support O. lignaria populations such that dispersal into the surrounding areas (specifically, 
into Mystic Vale) is enabled. 

Objective 3.1: Ensure a connection of support resources (native plants, for example) for O. 
lignaria from the restoration site throughout the corridor to Mystic Vale.  

Objective 3.2: Support native plant diversity throughout this corridor by controlling 
invasive species present within the corridor. 

Goal 4.0: Nurture greater public understanding concerning the significance of issues faced by O. 
lignaria. 

Objective 4.1: Engage with the surrounding communities by holding meetings and 
distributing letters to neighbouring residences, explaining what we are doing, why it is 
significant, and how they can get involved.  

Objective 4.2: Host workshops for schools within the region, educating youth of all ages 
on the importance of O. lignaria and pollination services, and what they can do to help. 

Objective 4.3: Distribute brochures and signage within the site.  

Objective 4.4: Recruit volunteers throughout the restoration process.  

 

3.0 RESTORATION SITE DESCRIPTION 
 

A thorough appraisal of current conditions at the restoration site is essential for determining 
what actions will be implemented. Before restoration can be successful, reference sites may need to 
be visited and forces of disturbance may need to be removed. A site analysis was conducted to gain 
a general understanding of the abiotic and biotic conditions of our restoration site. Site issues and 
threats were also identified. The following section provides a brief description of our findings, 
including information on the sites location and history.  
 
3.1 Location 
 

The Cedar Hill Corner parcel, is located approximately at 48o27’26”N and -123o18’22”W. 
The parcel is 11.8 hectares of open field at the southwest corner of the University of Victoria (UVic) 
campus and located within the District of Oak Bay (Figure 1). The land borders Cedar Hill Cross 
Road to the south, with Crestview Avenue residential neighbourhood to the east, the District of 



 6 

Saanich boundary and Chelsea Place residential neighbourhood to the north, and Mystic Vale on the 
west.  

 
Figure 1. Location of the Cedar Hill Corner parcel, defined by the purple drop-pin, found at 
48o27’26”N and -123o18’22”W southeast of UVic.  
 
3.2 Historical Land Use & Culture 
 

Before European settlers, the land was part of the traditional territories of the Coast Salish 
First Nations and Songhees First Nations (Harrop-Archibald, 2007). Historically, the area was 
predominantly Douglas-fir forest and contained a mosaic of Douglas-fir (Pseudotsuga menziesii), Grand 
fir (Abies grandis), Garry oak (Quercus garryana) meadows, forested creek ravines, and wetland habitats 
(Lloyd, 2004). In the late 1800’s that landscape began to change dramatically as a result of European 
settlement. 

The Cedar Hill Corner parcel was cleared in the 1850’s for agricultural purposes by pioneer 
John Todd on behalf of the Hudson’s Bay Company (Schiebel and Macmillan, 2009). The intended 
purpose of this land use change was to enable farming, and supply the newly established Fort 
Victoria with food. The farm at the time was called Hudson’s Bay Uplands Farm (Schiebel and 
Macmillan, 2009). Hay, straw, and grain were grown and cattle and horses were raised on the land 

CJVI Radio (Island Broadcasting Company Ltd.) bought the farm in 1949, and shortly after a 
radio transmission tower was installed in 1952 (Schiebel and Macmillan, 2009). The land tenure was 
eventually sold to UVic in 1964 and the land remains one of the few agricultural plots found within 
Victoria (Schiebel and Macmillan, 2009).  The open field continued to be used to grow hay until 
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1978 until it was discontinued because of concerns with agricultural dust (Schiebel and Macmillan, 
2009).  

Over the past fifty years, there have been a number of contentious and competing values for 
the site from the various users of the parcel. In 1974, the Department of Agriculture expressed an 
interest in leasing part of the parcel for allotment garden facilities (Schiebel and Macmillan, 2009). 
That same year, the Department of Biology used part of the parcel for research and the growing of 
corn.  In 1997, Crestview Avenue residents protested for increased use of the parcel for dog walkers 
(Schiebel and Macmillan, 2009). A UVic Athletic Services student sponsored a disc golf course on 
the parcel in 2005, but the course was later dismantled because of lack of use and interest (Schiebel 
and Macmillan, 2009). Finally, in 2009, the UVic Facilities Management Department created a 
separate pedestrian and vehicle gate in response to the need for increased safety measures given 
active public use of the site (Schiebel and Macmillan, 2009). In particular, it assisted in addressing 
issues related to safety and liability from BMX cyclists who informally built jumps and tracks in the 
area. Other proposals have been received to use the parcel for soil and rock storage from local 
private construction, along with several other inquiries regarding its potential availability for 
purchase. 

The parcel is now currently used as soil storage and processing by the Facilities Management 
Department and the Research Field Compound of the UVic Centre for Forest Biology. The land 
also is informally used publicly as a dog walking and running area.  
 
3.3 Site Analysis 
 
Abiotic Conditions 

The Cedar Hill Corner parcel is in the Coastal Douglas-fir biogeoclimatic zone, which lies in 
the rain shadow of the Olympic Mountains and the mountains of Vancouver Island (Oliver, 2011). 
As a result, it receives approximately 70 cm of rain annually and is characterized by moderate climate 
with mild, wet winters and warm, dry summers (Harrop-Archibald, 2007).  

To the west of the field, lies edge forest from Mystic Vale and a ravine that includes the 
upper parts of Hobbs Creek.  Hobbs Creek is distinguished as having widespread bank erosion and 
sediment loading, extensive stream bottom instability, and few pool-riffle sequences (Lucey et al., 
2002).  

The soils along the eastern side of the campus are a drumlinoid ridge of thick Pleistocene 
deposits (Harrop-Archibald, 2007). The Cedar Hill Corner parcel consists of recent Victoria Marine 
Clay deposits, which are very stiff to hard near the surface, but at depths of approximately six metres 
it becomes firm to soft (Thurber Engineering Ltd., 2003). These clay deposits have low permeability 
and in some areas there is a thin layer of surficial beach lag silt and Vashon Till (Thurber 
Engineering Ltd., 2003).  
 
Biotic Conditions 

The Douglas-fir forest that once covered the land is now a large open grass field with 
remnants of a former orchard in the middle southern portion of the site with some Douglas-fir trees 
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lining the north and east perimeters. There are seven Garry oak trees located in the south area of the 
parcel, with the majority of them located in or near the orchard area. Eight other Garry oaks are 
located at the northern perimeter of the parcel along the fence line.  

To the west of the site lies Mystic Vale, an old second-growth forest between 100 and 150 
years old, comprised of 80% coastal Douglas-fir, 10% grand fir, 10% bigleaf maple (Harrop-
Archibald, 2007). Our site inventory analysis found the understory to be predominantly ocean spray 
(Holodiscus discolor), snowberry (Symphoricarpos albus), Indian plum (Oemleria cerasiformis), and sword fern 
(Polystichum munitum). Additional understory species include Oregon grape, red-osier dogwood, 
solomon’s seal, vanilla leaf, bracken fern, trailing blackberry, and more. Mystic Vale has been 
disturbed by logging and development; however, this is an important forest that provides 
connectivity between the Cedar Hill Corner lands and other ecosystems. This edge forest can also 
promote the spread of native bee populations from the bee boxes to other natural sites. 

Resident mammals that occupy the site and surrounding area include black-tailed deer 
(Odocoileus hemionus), racoons (Procyon lotor), gray squirrels (Sciurus carolinensis), Eastern cottontail 
rabbits (Sylvilagus floridanus), and bats (Oliver, 2011). Avifauna such as the bald eagle (Haliaeetus 
leucocephalus), Cooper’s hawk (Accipiter cooperii), and great horned owl (Bubo virginianus) nest within the 
area (Oliver, 2011).   
 
3.4 Problem Identification 
 

Major concerns identified for the Cedar Hill Corner parcel include the impacts of 
construction and use by Facilities Management and the Forest Biology Department, invasive species, 
heavy human traffic, and dog use. The site is an unnaturally cleared area with currently little 
ecological function. The landscape is fragmented by trails used by the public and roads that were 
created to provide Facilities Management and the Forest Biology Department access to the lands. 
Furthermore, the parcel is left open in order to accommodate the future development needs of the 
university. If development does occur, it would cause increased impervious surfaces, loss of 
potential green space, habitat fragmentation, and reduced biodiversity.  

A number of invasive species were found within the site and are particularly widespread in 
many parts of Mystic Vale. English ivy (Hedera helix) has extensively infested the ground cover and 
trees within Mystic Vale. On the open field, Scotch Broom (Cytisus scoparius), Spurge Laurel (Daphne 
laureola), English Holly (Ilex aquifolium), and English Ivy are found interspersed as small patches 
between the apple trees and Garry Oak trees. These invasive plants stress and kill trees, compete 
with native shrub and herb species, and reduce seedling recruitment (Hocking, 2000). Over time, 
invasive species have the potential to completely alter the forest community structure, resulting in a 
major shift in vegetation dynamics and species composition (Schaefer, 2011). This site is particularly 
susceptible to invasive species as the area is open and easy for invasive plants to spread and 
establish. The prevalence of invasive species decreases native plant biodiversity and reduces habitat 
and food for native animals including native pollinators such as O. lignaria.  

The site is heavily degraded by high human traffic and dog use. The public utilizes the field 
for recreational purposes and dog walking. Many dogs are not kept on their leashes and contribute 
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to the erosion of the Hobbs creek bank and surrounding vegetation. Heavy use of the field by dogs 
and dog walkers has resulted in significant soil compaction and flooding caused by trampling. 
Additional stress on the field includes the activities of joggers and mountain bikers. Soil conditions 
are a concern because of the combined effects of compacted, poorly drained soils which limit tree 
and plant root depth to the superficial soil layers, making it difficult for native species to establish 
(Oliver, 2011). Shallow roots in conjunction with the trees exposed to wind at the periphery of open 
lands result in increased potential for blow down. 
 

4.0 BEE BIOLOGY & ECOLOGY 
 
Over the past decade, bees worldwide have suffered an onslaught of new diseases, attacks 

from parasitic mites, and pesticide poisoning. As a result, honey bee population are decreasing 
worldwide. Food crops and other plants that depend on bees for pollination are at risk of being left 
out of the pollination cycle.   

There are a number of native bees on Vancouver Island threatened by habitat and food loss 
through urbanization and deforestation, as well as poisoning from pesticide use. In order to prevent 
further decline in bee populations, this restoration project focuses on restoring native bee habitat 
specifically for O.lignaria since it is one of the most efficient pollinators on Vancouver Island. Before 
implementing any ecological restoration project, it is important for restoration practitioners to 
understand and consider the biology and ecology of the target species they are attempting to restore. 
Hence, the following section provides a general overview of O.lignaria life history, foraging 
behaviour and pollination efficacy, threats to the species, artificial nesting behaviour, and 
management practices. 
 
4.1 Life History 
 

It is common to imagine bees as insects that produce honey, live in hives, and inflict a nasty 
sting, but only the honey bee fits this description. There are actually 20,000 to 30,000 different kinds 
of bees in the world (Lifecycles Project Society, n.d.). The bees we see on Vancouver Island can be 
divided into two groups: social bees and solitary bees. Honey bees and bumble bees are social, and 
non-native to Vancouver Island. All indigenous bees are solitary, which means they tend to live and 
nest alone, are non-aggressive and will only sting when squeezed or attacked. Indigenous bees 
include the leafcutter bee (Megachile rotunda), carpenter bee (Xylocopa virginica), bumble bee (Bombus), 
berry bee (Osmia texana cresson), and the blue orchard mason bee (Osmia lignaria).  

O. lignaria are found in North America, in B.C.’s southern interior and coastal areas. They are 
solitary bees and do not live in colonies like honey bees. Instead, females seek out existing cavities, 
such as hollow plant stems or holes left behind by wood-boring beetles, in which they will construct 
a nest (Stanley, 2012). The nest consists of several cells separated by mud partitions, and each cell 
contains a provision of pollen and nectar on which the egg is laid (Figure 2) (Stanley, 2012). Usually, 
a female will construct two to four nests, each with two to four female eggs and five to eight male 
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eggs. Female eggs are typically laid at the rear of the nest, and male eggs are laid at the front (Moisset 
and Wojcik, 2014). 

Eggs laid in the spring develop into adults by fall, overwinter as adults, and become active 
the following spring (Figure 2) (Moisset and Wojcik, 2014). When spring temperatures being to rise, 
males will begin emerging, with females following one to three days later (Moisset and Wojcik, 2014). 
Development of offspring takes place over the summer. The first larval stage occurs within the egg, 
which hatches in about a week, followed by four more larval stages (Moisset and Wojcik, 2014). The 
fifth stage larva will spin a cocoon, known as a prepupa, after which it undergoes a two to six week 
period of dormancy (Moisset and Wojcik, 2014). This stage can be identified by the presence of small 
fecal pellets around the cocoon wall. By late summer, the prepupa molts into a pupa and one month 
later the pupa molts into an adult, which will remain dormant until the following spring (Moisset and 
Wojcik, 2014). 
 

 
 Figure 2. Seasonal life cycle of O. lignaira (Stanley, 2012). 
 
 
4.2 Foraging Behaviour & Pollination Efficacy 
 

O. lignaria collects pollen and nectar from a wide array of wild plants, but they show a strong 
preference for fruit tree flowers when they are available (Bosch and Kemp, 2001). As fruit trees 
flower, females take nectar from the base of the corolla with their tongue (proboscis), while they 
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vigorously scrabble the anthers using their scopa, as well as their middle and hind legs (Bosch and 
Kemp, 2001). Figure 3 shows the main body parts of the bee. Males only take nectar, but because 
they always land on the reproductive organs of the flower, they also provide valuable pollination 
services (Bosch and Kemp, 2001). Both male and females facilitate cross-pollination, which is 
particularly important for pollination of self-incompatible fruit trees. 

Since they are early spring bees, O. lignaria are better adapted at flying under poor weather 
conditions than most other bees. They are able to forage and pollinate under overcast skies at 
temperatures as low as 12oC (Stanley, 2012). With good weather, these bees can also forage earlier in 
the morning and end later in the afternoon (Stanley, 2012). These behavioural traits make O. lignaria 
a very desirable pollinator, particularly for fruit trees. As few as 250 nesting females per acre are 
enough to maximize pollination for apple trees (Stanley, 2012); furthermore, their pollination success 
is due to the fact they are quick travellers who can visit up to 2000 blossoms a day, and they have 
more hair on their body to collect pollen than the honey bee does. 

 
Figure 3. Main body parts of an O. lignaria adult female (Bosch and Kemp, 2001). 
 
4.3 Threats, Parasites, Predators, & Pathogens  
 

On Vancouver Island, introduced destructive mites known as the Varroa mite (Varroa 
jacobsoni) and the Tracheal mite (Acarapis woodi) have largely impacted local honey bee populations. In 
recent years, O.lignaria has become established as an alternative pollinator to replace declining honey 
bee populations. However, O.lignaria has its own pests, predators and diseases that threaten to limit 
their population size. 

Several parasites, predators and pathogens prey on O.lignaria. Beetle predators include the 
checkered flower beetle (Trichodes ornatus), blister beetle (Tricrania stansbury), flour beetle (Tribolium 
spp.) and carpet beetle (family Dermestidae) (Bosch and Kemp, 2001). A number of Chaclidae wasps 
parasitize the developing O.lignaria larvae, including Leucospis, Monodontomeris, and Chrysura (Bosch 
and Kemp, 2001). Other parasites, known as ‘cleptoparasites’, lay their eggs in the nest and consume 
the bee provisions but not the bee itself. The Sapygid wasp (Sapyga spp.), the cuckoo bee (Stelis 
Montana), and the hairy-fingered mite (Chaetodyctylus krombeini) are all O.lignaria cleptoparasites 
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(Bosch and Kemp, 2001). Finally, chalkbrood (Ascophaera) includes several species of pathogenic 
fungi that attack bee larvae after the larvae ingest chalkbrood spores (Bosch and Kemp, 2001). 
Appendix II summarizes a number of predators, parasites, and pathogens of O. lignaria. 

Aside from mite infestations, pesticides used in farming, forestry, and around our homes are 
also affecting local bees. O. lignaria are at the greatest risk to pesticide exposure due to the high 
number of blossoms they can visit each day (LifeCycles Project Society, n.d.). Urbanization and 
habitat loss have also reduced bee habitat and food sources. The provision of safe and healthy 
habitats, such as native plant gardens, are necessary for O. lignaria to thrive in urban environments.  
 
4.4 Artificial Nest Cavities 
 

O. lignaria can be attracted and established from a wild 
population, or can be purchased from a local or online distributor. 
Whichever is chosen, the bees need to be provided with suitable 
nesting cavities. O. lignaria accepts a wide variety of human-made 
nesting materials (Figure 4). Several nesting units have been tested 
with most variations as one of four types: solid blocks, hollow boxes, 
grooved boards, and reeds (Bosch and Kemp, 2001).  

Solid Blocks: A solid wood block with drilled holes is one 
type of artificial nesting unit. This unit is most similar to the 
abandoned beetle burrows in dead trees that are typically used by wild 
O. lignaria.  
 Hollow Boxes: These boxes are made from light recycled 
material such as milk cartons or paraffin-coated cardboard boxes. 
These boxes consist of a front wood board with drilled holes, through 
which paper straws sealed at the back are inserted.  

Grooved Boards: Grooved boards, or wafer boards, are 
sheets of wood with rows of grooves cut into one side of the wood. 
They can be stacked to attain the desired number of holes per nesting 
unit and easily disassembled for nesting inspection.  

Reeds:  Reeds from Phragmites (common reed) and bamboo 
are lightweight and easy to obtain nesting material. Reed sections are 
cut so that the front of the nesting cavity is open, and the reed nodes 
seal the back. Reeds can be easily split length-wise for nest inspection. 
 
4.5 Nest Box Management Practices  
 

Ideal nests should be placed facing south or southeast and 
should be protected from wind, rain and direct sunlight (Bosch and 
Kemp, 2001). Females accept nesting materials of different colors, but 
are somewhat less attracted to white surfaces (Bosch and Kemp, 

Figure 4. (Top to bottom) 

Examples of bee boxes, 
including solid block box, 
hollow box, grooved   
board, and reeds 
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2001). Nesting material should be place near a mud source for the female to use to build cell 
partitions.  

Artificial nest cavities must be tightly sealed at the back to protect against parasites. The 
distance from the outermost nest cavities to the outer edges of wood blocks and grooved boards 
needs to be at least 2 cm to avoid parasitism by Chalcid wasps (Bosch and Kemp, 2001). Optimal 
cavity dimensions for O. lignaria are 7.5 mm in diameter and 15 cm long. Females prefer adequate 
spacing between cavities as it helps reduce confusion and wasted “search time” for their nests 
(Bosch and Kemp, 2001). Once nesting activities have started, nesting materials should not be 
relocated since nesting females become disoriented. 

 
4.6 Monitoring Bee Populations  
 

To obtain reliable estimates of O. lignaria populations, examine the contents of a random 
sample of 40 to 50 nests (Bosch and Kemp, 2001). If different nesting materials are being used, it is 
important to include nests from each material in the survey. Nest interiors can be easily observed by 
opening grooved boards, pulling out paper straws, or splitting reed sections. Semi-translucent paper 
straws permit acceptable “reading” of the nest contents when observed under a strong light. 

Populations are best analyzed in the fall, when bees are completely developed (Bosch and 
Kemp, 2001). Inspect the nests after cocoon spinning to avoid damaging the progeny. Cells are easy 
to sex by size and position. Recall that females are typically produced in the innermost cells and are 
larger than male cells (Bosch and Kemp, 2001). Dead eggs or larvae and parasitized cells should be 
deducted from the counts. 

 
5.0 ACTION PLAN & TASK BREAKDOWN 
 

The implementation of the restoration has been designated five years. The project is 
projected to continue beyond five years in terms of long-term management, monitoring, evaluation 
and adaptive management. The bee box program in local schools will also continue as well as active 
bee box cleaning on the Cedar Hill Corner site. The goal is to raise public awareness and education 
on a long-term basis, after O. lignaria has been established and is a self-sustaining population.  

5.1 Conceptual Model 
 

A conceptual model (Appendix III) was designed based on the format laid out by Margoluis, 
Stem, Salafsky, & Brown (2009). This model is a visual way to direct the goals based on specific 
targets of the project while recognizing threats and strategies to mitigate those threats. It lays out the 
assumptions and context of our restoration at Cedar Hill Corner, and is a tool that can be used 
throughout the project and is useful for helping to reduce some of the complexity that is found in 
every restoration design.  

5.2 Implementation  
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Year 1 
• Site analysis (including inventory) 
• UVic consultation 
• Advertisement for volunteers 
• Invasive species removal 
• Inform community of project 

o Letters to neighbors 
o Notice at community center 
o Signage and brochures within site 
o Community consultation and feedback 

Year 2 
• Mulching 
• Transplant and seed native plants 
• Invasive species removal (continued) 
• Community consultation and participation, including bee box program in schools 

(continued) 
Year 3 

• Introduce bee boxes and O. lignaria population 
• Management, monitoring, evaluation and adaptive management  
• Community participation and education, including bee box program in schools (continued) 

Year 4 
• Management, monitoring, evaluation and adaptive management (continued) 
• Collect baseline data for O. lignaria and bee box nests 
• Clean bee box nests 
• Community participation and education, including bee box program in schools (continued) 

Year 5 
• Management, monitoring, evaluation and adaptive management (continued) 
• Clean bee box nests (continued) 
• Community participation and education, including bee box program in schools (continued) 

Year 6+ 
• The restoration action plan is complete, but there will be continued management, 

monitoring, evaluation and adaptive management. The bee boxes will continue to be cleaned 
every year, and we will continue our plan for public participation and education. 

 
5.3 Zoning Designation 
 
The Cedar Hill Corner parcel was divided into a number of zones based on the information 
obtained from the site analysis. Zones were divided by similar site features and will be used to guide 
restoration implementation plans (Figure 5). The zones are defined as zone A (1 and 2), zone B (1 
and 2), zone C, zone D, and zone E. The activities within each zone are described in section 5.4.  
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Figure 5. Location of the Cedar Hill Corner parcel, defined by the purple drop-pin, found at 
48o27’26”N and -123o18’22”W southeast of UVic.  
 

5.4 Zone Activity Descriptions 
 

All seven zones have specific tasks that will be implemented throughout the restoration 
progress. All native species selected for planting within applicable zones were chosen for their ability 
to grow in the Cedar Hill Corner environment (based on shade-tolerance, moisture needs, climate 
toleration, and ideal pH), to attract native pollinators (with a special emphasis on the solitary bee 
Osmia lignaria), and their flowering time in relation to the other species selected. See Appendix II for 
a more detailed description of native plant implementation.  

Zone A(1 and 2): 
These zones, within the orchard that Zone D comprises, are the two sites within the Cedar 

Hill Corner property that contain invasive species, including English Ivy (Hedera helix), Scotch 
Broom (Cytisus scoparius), Spurge Laurel (Daphne laureola), and English Holly (Ilex aquifolium). The 
invasive species are surrounded by native species in small vegetative areas. These areas are 
surrounded by the larger grassy matrix and apple orchard of Cedar Hill Corner. The invasive plants 
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will be removed following protocol, timing, and monitoring laid out in the restoration design (see 
sections 5.2 and 5.5).  
Zone B(1): 
 The native plants to be established in this zone are nootka rose (Rosa nutkana), tall Oregon 
grape (Mahonia aquifolium), coastal red elderberry (Sambucus racemosa var. arborescens), nodding onion 
(Allium cernuum), and ocean spray (Holodiscus discolor).  

Nootka rose is a shrub that is an effective edge species common in BC. It doesn’t matter if it 
is in shade or not, and can exist on moist soil, which is found on the edge of the site that borders the 
Douglas-fir (Pseudotsuga menziesii) forest called Mystic Vale. Nootka rose can tolerate diverse and 
harsh conditions and is a good stabilizer. It is often found in association with ocean spray. 

Tall Oregon grape is an evergreen shrub that is very adaptable. It can grow in the shade or 
sun, in wet or dry soil in open or closed forests. Oregon grape prefers Douglas-fir forest, which 
borders this zone. Summer drought dries up this zone, which this shrub needs.  

Coastal red elderberry is a deciduous shrub that is adaptable to many environments. It can 
be planted in a range of areas, from meadows to forests, and can adapt in disturbed areas and 
ditches. It can be shade-tolerant or intolerant as long as there is some water in the soil. Elderberry is 
being planted throughout Zone B(1) and B(2) because many bees use hollow- or pithy-stemmed 
plants to make nests. We want to provide habitat materials for native pollinators and elderberry 
provides many different sizes of twigs.  

Nodding onion is a perennial herb that prefers meadow environments, so it will be planted 
in the middle of this zone to utilize the open grass area that exists here. It does not tolerate shade 
and likes summer drought.  

Ocean spray is a deciduous shrub that is also very adaptable. It will be planted near the edge 
of this zone, since it is found in association with Nootka rose. It can tolerate both shade and sun, 
and prefers open-canopy Douglas-fir forests or disturbed sites. 
 
Zone B(2):  
 The three species of native plants to be established in this zone will be red-flowering currant 
(Ribes sanguineum), Douglas’ aster (Symphyotrichum subspicatum), and coastal red elderberry (Sambucus 
racemosa var. arborescens).  

Red-flowering currant will be planted on the edge of this zone because it prefers slightly 
drier sites with a low pH. The Douglas-fir (Pseudotsuga menziesii) trees on the edge of this zone 
provide a lower pH (Reich et al., 2005) for red-flowering currant to thrive in. 

Douglas’ aster is a perennial herb that is common in coastal southern BC. It prefers moist to 
mesic meadows near open forests. Douglas’ aster can tolerate a wide range of soil conditions and 
habitat changes, and it also attracts pollinators other than bees. It spreads by rhizomes and requires 
little maintenance as it spreads.  

See Zone B(1) for information about coastal red elderberry. 
 
Zone C:  
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This zone is going to be restored as a camas (Camassia quamash) meadow with some native 
grass, Roemer’s fescue (Festuca roemeri), planted around the camas bulbs. This is the only zone with 
native Garry Oak (Quercus garryana) trees in it, and is therefore being restored with plants specific to 
endangered Garry Oak ecosystems. Camas is shade-intolerant and enjoys meadow-like communities 
with spring moisture and summer drought, which works well for this site. 
 
Zone D: 

This large zone encompasses the smaller Zones A(1), A(2), and C within it. The spaced 
hybrid apple orchard that we are maintaining as part of our design is in this zone. An existing bee 
box is already established here, and this is where we will be mainly restoring O. lignaria population in 
hopes that they will expand beyond this range into Mystic Vale through the native vegetation we are 
providing (see Zone B(1), B(2), C, and E). Bee boxes and the O.ligarnia population will be the focus 
of this zone. 

 
Zone E: 

Pacific crab apple (Malus fusca) will be planted in this zone to re-establish native apple trees 
on the Cedar Hill corner property, to supplement the existing hybrid apple orchard already on the 
site. Torchio (1976) found O. lignaria to be a superior pollinator of orchard fruits, so supplying them 
with more apple trees with a focus on native species is a long term goal in this project.  

See Zone B(1) for information about Nootka rose. 
 
5.5 Invasive species removal 
 

The invasive species found in zones A(1) and A(2) will be removed and monitored as set 
forth in the timeline of implementation in section 5.2. The following is a suggested protocol for the 
removal process. 

 
English Ivy (Hedera he l ix):  

Small populations (as found at the Cedar Hill Corner property) are best removed by hand via 
pruning or hand-pulling on vines (Woodward & Quinn, 2011). Covering the English Ivy with wood 
chips, grass clipping, or hay can also be effective if necessary or possible. It is important to note that 
the entire plants must be removed, including stem fragments, runners, and roots. These methods 
should also be employed with minimal disturbance to the surrounding soil, and in conjunction with 
the establishment of native plants. Late winter/early spring is the best time to implement these 
methods.  

 
Spurge Laurel (Daphne laureo la):  

The smaller plants can be uprooted by hand, with care taken to minimize soil disturbance. 
Weed wrenches can be employed for the slightly larger plants; however, once the plants become too 
large it is best to cut them off at ground level and apply a herbicide if it begins to re-sprout. Boersma 
& Reichard (2006) found that re-sprouting usually only occurred on plants with stems less than one 



 18 

centimeter in diameter. During the removal of Spurge Laurel, care should be taken by those 
handling it. It is known that some people are sensitive to the toxic nature of the plant.  

 
English Holly (I lex aqui fo l ium):  

Physical removal is the only effective way to remove this plant (Boersma & Reichard, 2006). 
Removing the berries is a good place to start if time and resources are limited. Cutting back new 
growth is necessary for English Holly, and a weed wrench can be used if the plant has grown to a 
large degree.  

 
Scotch Broom (Cytisus scoparius):  

The first step in removing this plant from the area is elimination of the dense growth above 
ground. The best strategy for the Cedar Hill Corner property is hand removal since the population is 
small. If this proves ineffective, burning or mowing can be employed. These methods are more 
effective if native plants are subsequently planted in the area to discourage re-sprouting; stumps and 
dormant seeds can both germinate after the larger plant has been removed (Boersma & Reichard, 
2006). If other methods are needed herbicide could be introduced. 

 
6.0 BUDGET & TIMELINE 
 
 The following section addresses our project assessment, design, implementation and 
monitoring as it relates to budgeting and funding. Below, the timeline indicates how our project will 
broadly progress from January to December each year for 5 years. It is important to keep in mind 
that these are the stages within our five-year plan; however, project details will vary slightly from 
year to year. For a complete breakdown of our five-year budget plan, see Figure 6 below. 
 
6.1 Timeline 
 
January-March: Assess Funding 
 Funding assessment requires totalling, both potential and actual funding, and inserting it into 
the budget pie chart (Figure 7) to gain insight into how much money is planned to be spent where. 
Since assessing funding is highly hypothetical, considering that there is no guaranteed funding, we 
have made room for adaptation within our plan.  
 Should no funding be attained, or too little to proceed, there is the possibility of putting the 
restoration project on hold and reapplying the following year. This allows for any adjustments or 
improvements to the proposals.  
 
April-June: Community Engagement 
 After determining how much money can be spent on community engagement, we will create 
and implement a plan that outlines how the community will be approached. Within this plan we will 
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include the educational component, community consultation, and community outreach strategies 
such as the creation of brochures and signage.  
 Realistically, this plan will involve adapting strategies to include community feedback before 
proceeding with the implementation stage. Although we have specific goals, objectives and 
timelines, we recognized that involving the community in a meaningful way involves the flexibility to 
make necessary adjustments. This window of flexibility also allows our project to ability to adapt to 
any unforeseen events such as extreme weather or administrative delays.  

July-September:  Implement Restoration Stage 

 As determined by the timeline (see section 5.2), this stage involves: removing invasive 
species, installing bee boxes, and compiling inventory data. 

October-December: Funding Proposal/ Progress Report 

 During this time it may be necessary to reapply for some funding. Additionally, any 
adjustments that have been made, or any new information that has come to light so far should be 
communicated to the public and investors. This transparency is essential in order to maintain project 
relevance and community and investor buy-in. All adjustments made at this point will be 
communicated either by e-mail or through physical meetings.  

Year Completion 

 Once the four steps have been completed, we have reserved time to reflect on the progress 
made; furthermore, during this time we will evaluate our actions thus far. At this point, adaptations 
and suggestions can be made for how to approach the following year so that our restoration plan 
can be adapted as needed.  
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Figure 6. Estimated funding proposal for multi-year implementation of restoration design at Cedar 
Hill Corner property, based on the average tuition of local and international students for two 
semesters. 
 
6.2 Funding Plan Components 
 
Restoration 
 Restoring the ecosystem in a cost effective and efficient manner is important in order to 
demonstrate the responsibility. Within this section, we outline how we plan to fund our project, as 
well as how we intend to designate funds within our project (Figure 7).  
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 We intend to source native plants from three local providers in wholesale. Specifically, we 
plan on purchasing plants from the Mayne Island Conservancy, Fraser’s Thimble Farm, and the 
Garry Oak Ecosystem Recovery Team. We have chosen these three sources because they are local 
and have a reputation for working with UVic (Personal Communication, 2014; Mayne Island 
Conservancy, 2012; Thimble Farms, 2014; GOERT, 2014). We have chosen plants based on their 
compatibility not only with Garry Oak ecosystems, but also, based on what soil pH levels are 
necessary for our site. The plants we have chosen are also characteristic of foundational species 
found within Garry oak ecosystems, an important consideration when contemplating effectiveness 
and efficiency for O. lignaria habitat (Garibaldi & Turner, 2003).  
 O. lignaria will be purchased from Mason Bee Central, a local business that sells several 
varieties of bees for pollination purposes. Mason Bee Central have a bee base population estimated 
at eight thousand and have the means to ship them once the restoration site is ready for introduction 
(Mason Bee Central, 2010).  
 Although the tools required for a site restoration such as ours vary from year to year, we 
provide a rough estimate of potential costs. We have included the costs for trowels, shovels, sheers, 
and waste transportation fees within our tool budget proportion. Any additional requirements, such 
as fencing to protect damaged plants, or additional bee boxes, can be supplemented by any 
remaining funds, or purchased based on annual funding. Adapting to the restoration conditions and 
tool requirements is reflected in the funding strategy, whereby less and less money is required and 
expected. Seeking large donations in the first year is important as start-up funds are often higher 
compared to later years’ requirements. By seeking tool donations in lieu of, or as well as, monetary 
donations may prove more cost-effective as they could be easier to attain from the community than 
monetary donations.  
 It is in the interest of efficiency that the restoration’s start-up phase in years one through 
three be over-budgeted for in order to be able to have a surplus of funds for later years, which will 
then be used to implement any adaptive management and monitoring strategies. In the case that the 
funding does not come through, we propose asking for community donations of tools, plants, and 
bees. It is likely, that in reality, a combination of the two strategies would occur. In the event that the 
full funding for the first year is received, subsequent proposals will go through as insurance against 
unpredicted circumstances.  
 
Monitoring 
 Ensuring that our restoration project is financially secure will involve accounting for the 
costs of long term monitoring. For the initial five years, funding is requested to collect baseline data 
as well as measure the growth and progress of the restoration site. While the budget will include a 
proportion for measurement tools and labour, the active days spent monitoring are few, and thus 
will not require excessive funds. Monitoring stages will occur each year throughout spring, summer 
and fall. The baseline data and the data thereafter will be turned over to UVic once the 
implementation of restoration programs begin and thus, the financial responsibility for monitoring 
and adapting will be taken over by UVic at the end of year five. 
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Management 
Since the site is within an urban environment, there is likely to be continuous threats 

(particularly, the dispersal of invasive species into the site); therefore, management of this site will 
occur for an indefinite amount of time. Management tasks will be adapted based on the evaluation 
of monitoring activities, and will likely include continued invasive species removal. Additionally, it 
may be necessary to replace unsuccessful native plant species and replace them with alternate 
options.  
 Managing O. lignaria populations will include supplementing the population if needed, 
cleaning bee boxes, and responding to yearly monitoring evaluations. If O. lignaria populations 
exceed the capacity available, more bee boxes will be added and distributed more broadly within the 
site. This broad distribution will further encourage populations to access the Mystic Vale corridor 
and disperse into areas surrounding the site.   
 Continued site management may also include replacing signage and furthering community 
outreach and education. Outreach and education will help maintain project relevance and ensure 
continued community investment.  

In order to account for project funding, we have used a proportional pie chart (Figure 7). 
This chart is useful in helping to prepare for any adjustments in the amount of funding received, 
while still maintaining a focus on how the funding should be divided. We propose using a 
proportional chart because a structured budget that uses specific amounts may not be as flexible. 
This chart can also be used in subsequent years as funding amounts are expected to change. The 
chart also provides a visual which can easily be altered depending on funding that is received.  
 

 

Figure 7. Proportional pie chart for the allocation of funds within the multi-year restoration effort 
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6.3 Investors 
 
University of Victoria 

UVic, a renowned scientific institution, is a suitable potential restoration investor because 
they possess the resources and capacity necessary for supporting our project. UVic currently has a 
number of investors and investments in community projects, such as: a community garden, 
CanAssist, and most recently, Enbridge; therefore, it is not unprecedented that we have chosen 
UVic as a potential investor 

UVic’s investment in our project would be mutually beneficial. Obviously, it is in our best 
interest for UVic to support our project; however, their investment in this project could also help 
alleviate pressure within the university to generate funds through restoration courses offered by the 
university. Since our project is relevant within UVic’s School of Environmental Studies, our project 
could be used as a tool to support students in particular courses. This project is also in line with 
UVic’s Cedar Hill Corner Management Plan in terms of land use and development (Campus 
Planning Committee, 2010); therefore, our project does not infringe upon land use plans designed 
by UVic. UVic could also mutually benefit by using the restoration project as an opportunity to 
engage with branches of the environmental community including The Community Tool Shed and 
Life Cycles. Understanding the role pollinators play, alongside the development of indigenous plants 
is politically acceptable, offers a return, and increases UVic’s collective scientific understanding of 
restoration ecology and pollinator ecosystems.  
 
TD Bank: Friends of the Environment Program (TD-FED) 

TD-FED is a suitable investor for our project because the types of projects they support 
tend have values that are aligned with the values our project boasts; moreover, they frequently 
support projects that contribute to meaningful cohesion between social and ecological systems (TD 
Group Financial Services, n.d.). In 2013, TD-FED donated $552,634 to various environmental 
projects. In particular, extensive funding was donated to increasing education surrounding the 
importance of pollinators. Over 40 community gardens were impacted by the implementation of 
signage paid for by TD-FED, and over 4,000 people had accessible information about the bees.  

 
Victoria Foundation 

In addition to potential investments from UVic and TD-FED, we have also considered the 
Victoria Foundation, as they also have a history of specifically supporting restoration projects 
(Victoria Foundation, 2013). In 2013, the Victoria Foundation donated $10,349 to The Garry Oak 
Recovery Team Society. The Victoria Foundation is an appropriate investor because they offer 
support for projects similar to ours. 

Since our investment plan seeks only $10,000 in the first year, and only a fraction of that in 
the following years, we are confident that we can recover our costs with help from investors that are 
applicable to our project. 
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7.0 COMMUNITY PARTICIPATION & EDUCATION 

 
7.1 Community Consultation  
 An important process in ecological restoration is to engage the community in order to 
ensure community support (Keenelyside et al., 2013). Within our project, we will ensure public 
consultation with community members will be held before, during and after implementation and site 
management activities occur, and ideally after funding has been secured. Communication with the 
nearby community will make room for a range of involvement, from direct involvement to 
monetary and/or resource support. We want to ensure that community members are aware that 
there is room for volunteerism and collaboration. However, in the event that community members 
are not interested, we will assure them that there will still be open dialogue and transparency in 
regards to our project stages.  
 Community consultation will have a major educational component. This component will 
manifest itself through community meetings, brochures, signage and letters. It is essential that 
community members understand the significance of what we are doing.  We will also provide a 
feedback component where community members can have direct input and consideration.  
 A big focus of our project includes providing educational outreach to children in regards to 
the significance of indigenous pollinators and pollination services. By introducing activities to school 
aged children and youth, knowledge and awareness will potentially increase. Funding for child and 
youth activities’ materials, such as bee box creation, will ideally be provided by the respective schools 
involved, while the instruction will be supplemented by the remaining amounts of the budget 
allotted for community engagement. Hosting the initial planting of native plant species for 
community members and school children is an effective means to impart within them an 
appreciation for the environment, and to facilitate establishing spiritual connections to nature; 
additionally and more practically, it is a cost effective community activity (Schaefer, 2006).  

To engage with the community requires very little in terms the proportion to the budget. 
Outside of renting a venue, feedback and presentations can be effectively collected and presented in 
a focus group using ethnographic and sociological techniques that include structured questions 
designed for an informal discussion setting; however, a drawback to this form of collection is that 
informal power dynamics could exist which might prevent community members from vital 
expression (Patton, 2005). These styles of data collection have been used in restoration projects 
when engaging First Nations communities to determine the value (beyond monetary) of a potential 
restoration site (Ban et al., 2009; Kokelj et al., 2012).  

Incorporating engagement with the University is also paramount. Integrating the 
restoration plan with a restoration program for students by restoring ecosystems can demonstrate 
ecological concepts in a real-life context. The students who are investing in their knowledge receive 
the benefits of their tuition applied to their study objectives; moreover, the site offers the potential 
for students to apply ecological and restoration concepts throughout their degree.  

 
7.2 School Program  
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Starting in year two of the restoration, we will be engaging with three local schools in the 

area to create human-made nesting materials for O. lignaria. For the first workshops in year two, the 
classes we work with at particular schools will build a specific type of nesting unit. Afterwards the 
students can choose to either keep their bee box or donate it to the restoration effort. In subsequent 
years when our restoration project has sufficient nesting materials and O. lignaria has been 
reintroduced, the bee boxes the students build can be taken home and put up in their 
neighbourhood or closest green space. We will try to use recycled, reclaimed, or donated materials as 
much as possible in this project to reduce costs on the project and environment.  

The students at Frank Hobbs Elementary School (Victoria School District 61) will be 
building hollow boxes. The elementary school students will bring a milk carton (with the spout cut 
off), and we will provide a front wood board with drilled holes. Paper straws, which are closed at 
one end, are inserted through the drilled holes into the milk carton. We will ensure any cracks or 
openings are sealed.  

The students at the local middle school, Arbutus Global Middle School (Victoria School 
District 61), will learn how to make grooved boards. These are especially important to our 
restoration project because they allow for easy disassembly for nest inspection and monitoring.  The 
students will use their woodwork shop to create grooved wooden boards that are then stacked until 
the desired size of box is created. A tight seal will be emphasized. Solid blocks are the most common 
human-made nesting materials used in bee restoration because of their similarity to the nests 
naturally used by O. lignaria.  

The students at Mount Douglas Secondary School (Victoria School District 61) will take 
solid wooden blocks (not cedar) and drill holes into the blocks across the grain. The blocks will be 
backed to close one side if the blocks are drilled all the way though. The blocks will be waterproofed 
and sealed, and paraffin-coated paper straws will be inserted into the cavities. There will be an 
emphasis on semi-translucent paper straws in all of these projects to aid in monitoring. When held 
up to a light source the nest contents can be inspected, which will be taught to the students.  
 The middle school and elementary school students will also be taught how to make bee 
baths (David Suzuki Foundation, 2010) to take home. Shallow bowls or plates are lined with rocks 
and water will be added just until the rocks can be used as islands by the bees. The baths will then be 
taken home and placed at ground level to encourage bee habitat in students’ neighbourhoods. These 
freshwater sources will also attract other beneficial insects such as butterflies, and ladybugs.  

 
8.0 MONITORING, EVALUATION, & ADAPTIVE 
MANAGEMENT 
 

In order to achieve the purpose and objectives set out for the restoration of indigenous 
solitary bee habitat in the Cedar Hill Corner, it is necessary to appreciate that this project is not free 
from outside influences. Acknowledging various scales of influence involve looking at this project 
within the context of the University grounds, the Capital Region District, Vancouver Island and 
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other ever-broadening scales. It is essential to recognize that this project is not within a closed 
system; it has various scales of influence, numerous feedbacks, and is highly complex and uncertain 
(Hobbs & Cramer, 2008). Ideally, the restoration of this site would involve identifying what the 
problem is, how to restore it, and understanding clearly what the finished site should look like and 
how it should behave (Hobbs & Cramer, 2008). Unfortunately, the complexity of ecological systems 
does not allow for this kind of simplicity (Hobbs & Cramer, 2008). Furthermore, it is essential to 
keep in mind that this since this project is set within an urbanized area it may be especially sensitive 
to human influences. These influences have the potential to be both positive (e.g. community 
involvement and support) and negative (e.g. trampling, exacerbating the spread of invasive species). 
Anthropogenic pressure upon the restoration site will likely vary over time and as such, it will be 
necessary to revisit the actions taken to ensure successful restoration. Guaranteeing successful 
restoration within the Cedar Hill Corner will involve monitoring, evaluation and adaptive 
management (AM) that follow-up on the initial restoration implementation.  
 Monitoring, evaluation and AM in this restoration project is designed to support the re-
establishment of a healthy population of O. lignaria to the Cedar Hill Corner property. Within this 
purpose we have outlined a number of objectives that will help us achieve our goal. These objectives 
include: removal of invasive species; establishment of native plant species that support increased 
pollination, realization of a corridor to the nearby Mystic Vale protected area; maintenance of the 
apple orchard within the property; and lastly, aid the introduction of O. lignaria by establishing bee 
boxes. In order to implement an effective monitoring and evaluation system, it is necessary to set 
monitoring targets for specified resources/species; additionally, baselines must be established, and 
data collected, analyzed and evaluated (Block et al., 2001). The monitoring and evaluation process 
will be based on the AM framework in Figure 8 (Block et al., 2001; Murray & Marmorek, 2003). The 
following section describes in more detail the specifics of monitoring, evaluation, and AM, and how 
these actions will support our restoration purpose and objectives.  
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Figure 8: Adaptive Management framework as laid out by Block et al. (2001) 

 
8.1 Adaptive Management 
 

AM, although most commonly practiced within the context of resource management, 
considers the complexities and uncertainties associated with ecosystems (Murray & Marmorek, 
2003), and is therefore highly appropriate for this restoration project. It is not realistic to assume our 
group will have all the relevant data for restoration; furthermore, it is crucial that new 
understandings be integrated into the restoration design. AM enables this integration by ensuring 
that monitoring and evaluation occur in a setting of experimental design. AM also facilitates 
increased knowledge through problem-solving techniques and implementing adaptation strategies 
when and where appropriate (Murray & Marmorek, 2003: Margoluis et al., 2009). To be clear, this 
approach is designed to employ rigorous and repeatable scientific experimentation, and is not simply 
based on trial and error (Murray & Marmorek, 2003). There are a series of steps necessary as defined 
within AM (see fig.1). According to Murray & Marmorek (2003), these steps are as follows: 

I. Perform an initial assessment that explicitly defines the problem 
II. Design the details within the restoration plan  

III. Implement the restoration plan. This step outlines specific actions taken to achieve our 
purpose  

IV. Monitor 
V. Evaluate 

VI. Adjust or adapt if deemed appropriate according to the evaluation 
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Since the first three steps are addressed in earlier sections of our restoration design, the following 
three sections will outline only the specifics of monitoring, evaluation and adjustment. Although we 
have included detailed monitoring objectives and protocols, it is essential that monitoring activities 
go beyond what is defined. In order to effectively monitor and evaluate, monitors are required use 
discretion and take note of any other changes within the site (e.g. visitor and dog traffic impacts). 

8.2 Monitoring 
 
 Given that we do not have detailed baseline data, nor do we have specified reference 
conditions, we will use implementation monitoring for this restoration design. Implementation 
monitoring is designed to assess whether specified actions have been carried out (Block et al., 2001). 
In other words, implementation monitoring looks at the action taken within the restoration, and 
notes the changes afterwards. For example, within our restoration design, we intend to introduce a 
population of O. lignaria to the area and aid their establishment through the installation of bee boxes. 
A monitoring procedure might include compiling an inventory of natural nests that were not present 
formerly. Monitoring of our restoration design is intended to ensure that actions laid out to achieve 
objectives are indeed occurring; furthermore, we intend to use specific indicators that will inform us 
of the effectiveness of specific actions. Lastly, we intend to employ a variety of alternative methods 
and these methods will then be monitored and evaluated based on best performance (Murray & 
Marmorek, 2003). Monitoring for our restoration design uses five steps as laid out by Block et al. 
(2001). We have chosen these steps because they provide an organized approach for applying 
specific, timely, realistic and quantifiable monitoring objectives that answer the who, what, where, 
when and how of follow-up to our restoration design. The five steps outlined by Block et al. (2001) 
are as follows (with specific sub-steps designed for this project):  

 

1. Monitoring goals: 
a. Provide inventories of O. lignaria populations within Cedar Hill Corner and Mystic Vale 

and ensure they are increasing. 
b. Determine invasive species ground cover percentages in order to manage and control 

invasive species populations (particularly: Cytisus scoparius, Daphne laureola, Ilex aquifolium, 
Hedera helix and Rubus discolor). 

c. Indicate any increases or decreases in native flowering plant diversity. 
d. Note any changes in the apple tree orchard (i.e. increased or decreased fruit production). 
e. Keep an up to date inventory of bee nests within the bee boxes. 

 
2. Resources to monitor: 

a. Invasive species 
i. Scotch Broom (Cytisus scoparius) 
ii. Spurge Laurel (Daphne laureola) 
iii. English Holly (Ilex aquifolium) 
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iv. English Ivy (Hedera helix) 
b. Native species 

i. Flowering species richness 
ii. Non-flowering species richness 

c. O. lignaria 
d. Bee box nests 
e. Appropriate visitor behavior within the site 

 
3. Thresholds: 

a. For a healthy population of O. lignaria, species numbers should not fall below that which 
was quantified in the first year’s inventory (an average of April, June, and August counts) 

b. Invasive species ground coverage should be controlled as follows: 
i. Scotch Broom (Cytisus scoparius) - Complete removal of Broom from the 

restoration site by year 3 
ii. English Ivy (Hedera helix) – Ensure Ivy ground coverage does not exceed 10% by 

year 3 
iii. Spurge Laurel (Daphne laureola) – Complete removal of Laurel from the 

restoration site by year 3 
iv. English Holly (Ilex aquifolium) – Complete removal of Holly from the restoration 

site 
c. Vegetation within the site should be comprised of at least 70% native species 
d. The number of bee nests should not fall below the numbers that were first introduced 
e. Pollinator species richness around flowering plant diversity should exceed pollinator 

species richness before restoration 
f. Native flowering plant diversity should be greater than or equal to pre-restoration levels 
 

 Although the threshold set for O. lignaria and bee box nests (see threshold ‘a.’ and ‘d.’) is 
designed to ensure that there is a continuously healthy population, we accept that there is the 
possibility that in the fourth year (post-introduction), there may be population losses as plant species 
production may be lower than expected in the future. 
 Considering the thresholds set for invasive species (see threshold ‘b.’), it is important to 
understand that since the restoration site is within an urbanized area, there will likely always be the 
threat of invasive species dispersal from areas outside the site. Therefore, in order to provide 
realistic thresholds, we do not claim to have the ability to eradicate invasive species. Invasive species 
removal will be ongoing over subsequent years. Understanding that invasive species will likely always 
pose a threat to our restoration site, we accept that 100% native species ground cover is unrealistic 
(see threshold ‘c.’).  
 Thresholds ‘e.’ and ‘f.’ are based on the expectation that as the introduced flowering plant 
diversity within the site matures, it will seed and proliferate, ensuring increased production every 
year. Increased flowering plant diversity should then support a growing O. lignaria population. 
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8.3 Sampling Design 
 
 Sampling will occur on three separate, three-day periods during the year in April, June and 
August in order to best capture the seasonality of both O.lignaria and flowering plants. Sampling 
should always occur on sunny, warm, windless days. It is important that sampling occur three times 
during every sampling month, in order to ensure accuracy. 
 For vegetation monitoring we will use stratified random sampling. The restoration site will 
be divided into seven zones (see Figure 5 for zone designation), and within each zone random 
sampling will be accomplished by randomly placing a meter-squared quadrat within each zone. 
Ground cover percentages will be inventoried within each quadrat, and photographs will be taken 
for future reference. Within each zone, 30 quadrat samples must be taken.   
 In order to monitor O. lignaria, we will keep an inventory of the nests found in the bee 
boxes. During every sampling collection, bee pollinators will be net caught in areas with flowering 
plants, and those performing this duty will take care not to damage any bees. Tallies of pollinators 
visiting flowers will also be quantified. Pollinators visiting flowers need not be captured; rather, a 
written record should be taken of the specific flower and pollinator species. Since we are most 
interested in O. lignaria, it is essential that we also keep track of how much pollination is attributed to 
O. lignaria, and how much is attributed to other species. 
 

8.4 Data Collection 
 
 Monitoring and data collection will be performed by the five founding members (Stephanie, 
Shane, Sarah, Mabel and Lauren) during the five-year timeline of this restoration project. Since it is 
essential that monitoring continue in the years following, each group member will have a volunteer 
who will shadow them during this time. We expect that there may be a high turnover rate for 
volunteering; therefore, we suggest that time and energy used for training monitors be focused on 
volunteers associated with the UVic Ecological Restoration club. The rationale for this choice is 
based on our assumption that students will likely stay involved for at least four years (based on an 
undergraduate degree length); furthermore, it is likely that the kinds of students wanting to be 
involved have a devoted interest in ecological restoration. 
 We have established who will be involved in data collection, and now we will determine 
what we will accept as a data source. Data sources for monitoring should be both qualitative and 
quantitative, including written descriptions, photographs, and measurements. In order to ensure 
repeatability and collect sound data, the methodology used must follow the specific protocols 
outlined within the sampling design. All data collected will then be stored in an online database. To 
ensure that monitoring is completed in a repeatable and measurable format, a monitoring worksheet 
will be used for reference (Table 1). 
 
Table 1. Monitoring worksheet used to evaluate the various restoration goals and strategies 
throughout the monitoring process 
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Objective Indicator Data Source Protocol Frequency 

O. lignaria 
inventory 

-Visual 
identification of O. 
lignaria nests within 
bee boxes 
-Visual 
identification of O. 
lignaria adults. 
 

-Numeric tally -Collect data on clear, 
sunny, warm days with little 
to no wind 
-Ensure 3 people are 
collecting data in each of 
the 5 zones 
-Net catch, count and 
release around flowering 
plants 

-For the net catch, 
count and release, 
monitor 3 days in April, 
June and August, 
between 11am and 4 
pm, and every year 
following O. lignaria 
establishment. 
-For monitoring O. 
lignaria nests, count once 
a year in the fall. 

Removal of Scotch 
Broom  

-Visual 
identification 

-Photographs, 
visual 

-Document location  -1 day during March, 
July and October, every 
year 

Control English 
Ivy 

-Visual 
identification 

-Photographs, 
visual 

-Document location 
-Use quadrats to determine 
ground cover percentage 

-1 day during March, 
July and October, every 
year 

Removal of 
Spurge Laurel 

-Visual 
identification 

-Photographs, 
visual 

-Document location -1 day during March, 
July and October, every 
year 

Removal of 
English Holly 

-Visual 
identification 

-Photographs, 
visual 

-Document location -1 day during March, 
July and October, every 
year 

Indicate increases 
or decreases in 
flowering plant 
diversity 

-Presence or 
absence of flower 
production 
-Increase or 
decrease in species 
ground coverage 

-Photographs, 
visual 

-Document location 
-Use quadrats to determine 
ground cover percentage 

-1 day during March, 
July and October, every 
year following the 1st 
year of planting 
 

Identify any 
changes in 
productivity of the 
Apple orchard 

-Presence or 
absence of fruit and 
flower production 
 

-Photographs, 
visual 

-Document productivity 
changes 
 

- 1 day during May, July 
and September 
following the start of 
restoration 

 

 

8.5 Evaluation 
 It is essential that data collected during the monitoring process be evaluated afterwards 
(Murray & Marmorek, 2003; Block et al. 2001).  Our evaluation process is intended to answer the 
following questions: were monitoring goals met? Is the restoration project is on course to achieving 
its goals? Is there new information being brought to the table? Which activities are the most 
effective, and which are the least effective?  
 In keeping with AM, this evaluative process is designed to keep restoration on the right 
track, to learn from mistakes, and to correct mistakes. Although it is helpful to have frameworks, 
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thresholds, and other tangible tools, it is important that the process be somewhat flexible to account 
for new information and knowledge. With new information, it is essential that adjustments be made 
for the benefit of the restoration design. 
 

9.0 CONCLUSION 

 
We have carefully considered the impacts faced by O. lignaria populations on Southern 

Vancouver Island; furthermore, we have incorporated the social, economic and ecological 
implications within our design and propose that our design is efficient, effective and engaging 
according to IUCN Principles and Guidelines (Keenelyside et al., 2012). The design components 
within our restoration project are focused on establishing a healthy O. lignaria population within our 
site, as well as encouraging dispersal outside our site. Additionally, we aim to foster a greater public 
understanding of the significance of issues faced by O. lignaria populations. 
 It is unrealistic at this point to suggest that our restoration design has been successful, since 
it has yet to be implemented; however, we maintain that it is effective. Our design is effective 
because we have outlined objectives that support our goals; furthermore, we have set in place 
detailed implementation and monitoring mechanisms that further support our purposes by restoring 
resiliency and connectivity within our site, as well as outside our site. Our goals and objectives are 
specifically related ensuring long-term sustainability by re-establishing the structure, function and 
composition of O. lignaria habitat, and by considering the biotic and abiotic conditions necessary for 
a healthy habitat. We acknowledge that effectiveness is not the only element to consider; we also 
must consider efficiency. 
 The purpose of providing a detailed 5-year plan was to ensure that our restoration design 
would be efficient. We propose that it is indeed socially, ecologically, and economically efficient. By 
enabling connections on multiple levels, we have safeguarded our restoration design from failure. 
For example, the inclusion of UVic on multiple levels (e.g. investor, stakeholder, and educator) helps 
to ensure efficiency within our project by streamlining processes. In this way, we have ensured 
lasting support for our project. In addition to being fiscally efficient, our restoration design is also 
ecologically efficient because we have chosen a ‘win-win’ project; moreover, our project helps to 
restore ecologically significant habitat (i.e. Garry oak ecosystems), while also restoring pollination 
services to the area. 
 The efficiency of our project is largely owed to the engaging manner in which we have 
approached restoration design. We understand the significance of public participation and 
empowerment, and strive to ensure that public consultation and participation is a major component, 
both within and beyond our 5-year plan. Not only have we laid plans for engaging with the local 
communities, but also educational institutes (i.e. UVic, local schools), and investors. Engagement is 
not just a section of our plan; it is inherent within our values. It is our hope that throughout this 
restoration design we can awaken a sense of connection to nature, and that users may find value in it 
beyond what is tangible. Although our goals and objectives do not explicitly relate to rebuilding 
individuals connection with nature, we think that it is intrinsic within our project, and it is our hope 
that this small restoration project can be a building block in a much larger restoration context. 
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APPENDIX I: THREATS TO O. LIGNARIA  
 
Table 2: Predator, parasites, and pathogens of O. lignaria (Bosch and Kemp, 2001). 

Common Name (Latin 
name) 

Description Photo Identification  

Checkered flower 
beetle 

(Trichodes ornatus) 

Females lay their eggs in bee nests and the beetle 
larvae prey on the developing bee brood, while 
eating the pollen provisions.  

The larvae are worm-like in appearance and red in 
color. 

 

Blister beetles 

(Tricrania stansbury) 

 

Blister beetles lay their eggs in flowers. Once the 
egg hatches, the larvae wait for a bee to visit the 
flower and hop a ride to the bee’s nest. In this 
way, the beetle larvae finds its way into a sealed 
nest cell where it kills bee eggs and feed on the 
pollen provision. 
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Flour beetles 

(Triboloium spp.) 

 

These are cleptoparasites. The flour beetle lay 
eggs in the nests and the larvae feed on the pollen 
provisions, but typically do not harm the bees 
directly. 

 

 

Carpet beetles 

(Dermestidae) 

Carpet beetle larvae scavenge in the bee nests 
feeding on pollen provisions. 

 

Chalcid Wasp 

(Leucospis affinis) 

L. affinis use their very long ovipositor to lay eggs 
in the bee cocoons. Females also pierce through 
wood, hence holes drilled less than 2 cm from the 
edge of the wood in O. lignaria boxes are 
susceptible to attack. The larvae feeds on the host 
prepupa. 

 

Chalcid Wasp 

(Monodontomerus spp.) 

Female Monodontomerus use their long ovipositors 
to pierce the bee cocoon and lay about 10 eggs on 
the bee prepupa. They consume all or most of the 
bee cocoon and pupate within the bee cocoon. 

 

Chrysidid Wasp 

(Chrysura spp.) 
 

Chrysura females enter nests when the O. lignaria 
female is away foraging and lays their eggs on the 
side of the pollen-nectar provisions. Eventually, 
the chrysidid larvae molts and devours the full-
grown bee larva.  

 

Sapygid Wasp 

(Sapyga spp.) 

A cleptoparastie. Sapgid females lay their eggs in 
sealed cells and the larvae kills the bee egg and 
feeds on the bee provisions. 
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Cuckoo bee 

(Stelis Montana) 

A cleptoparastie. Female S. Montana lay their eggs 
in uncapped O. lignaria cells. The Cuckoo bee 
larvae kills the O. lignaria larvae and consumes 
about three-quarters of the pollen-nectar 
provisions. 

 

Chalkbrood fungi 

(Ascosphaera spp.) 

O. lignaria becomes infested when they ingest 
chalkbrood spores from contaminated pollen-
nectar provisions. Chalkbrood spores germinate 
inside the gut of the bee larvae, and produce long 
filaments that eventually penetrate the internal 
wall of the gut, causing death of the larva. 

 

 
 
 

APPENDIX II: PLANT RESTORATION 
 
Table 3. Native species chosen for planting in the restoration of Cedar Hill Corner property. The 
zones are designated in the “Restoration of Pollinators to Cedar Hill Corner - Zone Development 
for Design Plan” map created using the CRD Regional Community Atlas (Figure 5). 

Common name 
(Scientific name) 

Zone of 
Planting 

Planting Density Flowering 
Season 

Photo Identification 

 
Common camas 
 
(Camassia quamash) 

C 20 seeds/ft2 or 
150 bulbs (placed 
15-30cm apart) 

March to May 
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Red-flowering currant 
(Ribes sanguineum) 

Edge of B(2) 100 plants (placed 
50-100cm apart) 

April to May 

 
Tall Oregon-grape 
 
(Mahonia aquifolium) 

B(1) 100 plants (placed 
1-2m apart)  

Mid-April to 
late May 

 
Pacific crab-applie 
 
(Malus fusca) 

E 500 plants (spaced 
4m apart) 

Mid-April to 
late May 

 
Coastal red elderberry 
 
(Sambucus racemosa var. 
arborescens) 

B(1)/(2) 200 plants (spaced 
2m apart) 

Mid-April to 
July 

 
Nodding onion 
 
(Allium cernuum) 

B(1) 500 plants (placed 
25cm apart) 

May to June 
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(Roemer’s fescue) 
 
(Festuca idahoensis ssp. 
Roemeri) 

B(2), C 400 plants 
(placed 40-90cm 
apart) 

May to July 

 
Nootka rose 
 
(Rosa nutkana) 

edge of B(1) 
and E 

175 plants (placed 
3m apart) 

Late May to 
mid-July 

 
Ocean spray 
 
(Holodiscus discolor) 

B(1) 200 plants (placed 
3-5m apart) 

Late June to 
early July 

 
Dougals’ aster 
 
(Symphyotrichum 
subspicatum) 

B(2) 200 plants (placed 
50 cm apart) 

Late summer 

 
 
 

 
 
APPENDIX III: CONCEPTUAL MODEL 
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