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Abstract 

Sandhill Crane (Grus canadensis) migratory populations use wetland ecosystems on 

northern Vancouver Island for their breeding habitat. With wind energy development being 

proposed for the area, an ecosystem-based management approach is being used to maintain 

Sandhill Crane breeding habitat and biological diversity within the bog wetland complex of the 

Nahwitti Plateau at the northern tip of the island. Shelter, forage and nesting habitat suitability 

were identified and rated with a six-class scheme from April to October over a two-year period. 

Vegetation surveys and crane inventories were carried out in 2006 and 2007 to spatially map the 

structure and patterns of bog ecosystems used by migrating cranes. The highest-rated Sandhill 

Crane nesting habitat consisted of sedge and low shrub dominated blanket bog wetlands with 

vegetated mounds. Riparian features and bog forests were also determined to be important 

habitats for forage, shelter, and living habitat. Based on the analysis, three Wildlife Habitat Areas 

were proposed to maintain Sandhill Crane nesting habitat and connected ecological services that 

support ecosystem-based management objectives, including promoting human well-being. 
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1. Introduction 

Sandhill Crane breeding habitat is a critical biodiversity component of the bog wetlands 

on northern Vancouver Island. Maintaining undisturbed habitat structure and sufficient bog 

landscape for their breeding territory during wind energy development is important, therefore, to 

ensure ecosystem attributes are sustained for continued breeding access, a wildlife management 

area is proposed. 

The Sandhill Crane (Grus canadensis) is a large wading bird that migrates throughout 

North America with breeding habitat known to occur on the coast of British Columbia, including 

Vancouver Island (Campbell, Dawe, McTaggart-Cowan, Cooper, Kaiser & McNall, 1990). 

Habitat loss and a general lack of breeding knowledge have resulted in several populations of 

this species as being listed at-risk (Cooper, 1996; BC Ministry of Water, Land and Air 

Protection, 2004a). On northern Vancouver Island, recent breeding habitat has been discovered 

(Cooper, 2006), yet distribution and breeding habitat structure has not been thoroughly mapped. 

Sandhill Cranes utilize wetland ecosystems for shelter, foraging, and breeding. Wetland 

ecosystems provide biodiversity maintenance for a variety of life as well as offer benefits to 

society. These systems provide biological life-sustaining services such as the conversion of solar 

energy into carbohydrates and proteins as well as purifying water and moderating climate (Vold 

& Buffett [eds,], 2008). 

Three locations on northern Vancouver Island are going through environmental 

assessment and energy applications for wind energy projects. Wind energy development is new 

to British Columbia and is anticipated to be a cleaner energy source than fossil fuel supplies and 

a number of alternative power proposals have recently been issued across the province. Areas in 

the Rocky Mountain foothills, the Coast Mountains and along the coastal lowlands of British 
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Columbia have been targeted for wind power production (BC Environmental Assessment Office, 

2007) to feed the increasing provincial energy demand. 

A key information need acknowledged in Accounts and Measures for Managing Sandhill 

Crane Habitat (BC Ministry of Water, Land and Air Protection, 2004b) is to estimate breeding 

population size of potentially core breeding areas, including northern Vancouver Island. This 

information need also complements the need for general habitat management measures for wind 

development. 

Following the objectives of the Coast Information Team1 (CIT) for approaching land 

management; Ecosystem-Based Management (EBM) strategies are currently being used to 

integrate economic, social and ecological values. One such EBM objective, seeks to maintain 

biological diversity to support the function of the greater landscape (Coast Information Team 

[CIT], 2004). Biodiversity maintenance in the form of designated Sandhill Crane wildlife habitat 

areas may achieve genetic-, species- and ecosystem-level biodiversity maintenance by protecting 

their breeding habitat in the most sensitive areas, where wind energy development can be 

avoided. While these designated areas provide habitat for Sandhill Crane and other forms of life, 

the remaining areas can be used for social and economic benefits, such as wind energy 

production areas. In the end, the undisturbed wetland portions provide local and regional 

biological diversity at all trophic levels at the same time balancing the need for wetland 

ecological services and wind energy development. This, in turn, offers benefits for human-well 

being.  

                                                 
1 The Coast Information Team gathered the best available scientific, traditional, and local knowledge to 

develop independent information and analyses in support of ecosystem-based management (EBM) in the north and 
central coastal region of British Columbia, including Haida Gwaii/Queen Charlotte Islands. This information was 
provided to the three subregional Land and Resource Management Planning (LRMP) tables and the several First 
Nations Land Use Planning (LUP) tables to assist them in developing practical recommendations to resolve land use 
and natural resource management issues. 
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Field observations in 2004 revealed that the bog wetlands at the northern tip of 

Vancouver Island are home to a unique assemblage of plants and animals. The focus of this 

study centers on identifying the structure and pattern of Sandhill Crane breeding habitat in 

blanket bog wetlands on northern Vancouver Island, British Columbia (Figure 1). The need for 

this information is twofold. First, biologists have recently found Sandhill Crane nests in a large 

bog wetland complex on the Nahwitti Plateau that are subject to proposals for wind energy 

development. Coincidentally, it has been decades since Sandhill Crane nests were recorded in the 

region (Cooper, 2006). Second, as mentioned above, the Sandhill Crane has also been listed as a 

species at-risk in British Columbia (BC Conservation Data Centre, 2008; BC Ministry of Water, 

Land and Air Protection, 2004a) and therefore, land use managers require information on crane 

habitat distribution to guide stewardship and conservation goals in British Columbia for species 

and ecosystems of conservation concern (BC Ministry of Environment, 2009). Concern is being 

expressed by many sectors in Canada, including industry, that both the extent and health of our 

wetlands are being eroded. Evidence exists to conclude that wetlands are at possible risk and that 

a wetlands indicator should be developed; however, at present, there is no national understanding 

of the extent of wetland loss and no ongoing measurement or reporting at the national level 

(National Round Table on the Environment and the Economy [NTREE], 2007). 

The importance of the study area within a global context requires a look at the Ramsar 

Convention (Millennium Ecosystem Assessment, 2005). The Ramsar Convention stresses the 

need for valuing wetlands for social, economic, and ecological values and guidance from 

international scientists has lead to determining the wise use of wetlands for maintaining 

biodiversity (De Groot, Stuip, Finlayson, & Davidson, 2006).  
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Figure 1. Location of Bog Wetland Complex on Northern Vancouver Island 
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A wise use case study includes looking at the Federal Policy on Wetland Conservation in 

Canada. The objective of the federal policy is “to promote the conservation of Canada's wetlands 

to sustain their ecological and socio-economic functions, now and in the future”. The first goal of 

this policy speaks to the maintenance of functions and values derived from wetlands throughout 

Canada (Government of Canada, 1999); therefore, research into the structure and patterns of 

wetland ecosystems and Sandhill Crane breeding habitat may add to local, national, and 

international knowledge. 

An EBM approach can facilitate Sandhill Crane breeding habitat conservation and 

biodiversity maintenance if wind energy developments proceed in the region. This study 

examines: 1) the habitat types important for Sandhill Crane breeding; 2) the spatial distribution 

of the most suitable Sandhill Crane breeding habitat in the Nahwitti Plateau study area; and 3) 

EBM options for maintaining connected critical breeding habitat. It is with great optimism that 

the research findings can be used as part of a management strategy for sustaining Sandhill Crane 

habitat in bog wetlands on the Nahwitti Plateau. 

1.1. Research Question 

This study addresses the following question: what is the habitat structure and spatial 

distribution of Sandhill Crane habitat in the Nahwitti Plateau study area, between the Stranby 

and Nahwitti Rivers on northern Vancouver Island?  

Specific vegetation structure within the bog wetlands of Northern Vancouver Island is 

suitable for Sandhill Crane breeding habitat. Based on initial observations and literature reviews, 

the most suitable crane breeding habitat consists of vegetated mounds within small shallow open 

water areas adjacent to sedge and shrub-dominated bogs with diverse vegetation cover. This is 

based on the following postulates: 
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 the best breeding habitat for Sandhill Cranes in the Nahwitti Lowland Ecosection 

from April to October can be found in lower elevation sedge and shrub-dominated 

bogs and poor fens near open water foraging areas, such as ponds, small lakes, and 

drainages; 

 the vegetated mounds provide the nest foundation while the open water discourages 

mammalian predators from reaching the nest; 

 open water and drainage areas provide forage potential, and the vegetation structure 

in the nearby shrub ecosystems offer shelter from the weather and security from 

potential predators;  

 areas above 400 metre (m) elevation with shallow soils may be less suitable for crane 

breeding than those ecosystems in lower elevations; 

 due to its migratory behaviour, the spring and summer months are the optimal 

breeding times of the year in this provincial ecosection; 

 the estimated size of the wetland study area is approximately 10,000 ha; 

 seventy percent of the area is made up of the cedar-shore pine bog unit, based on 

Broad Ecosystem Inventory mapping (7,000 ha); 

 based on the researcher’s observations in 2004, 2006 and 2007, a further seventy 

percent of this cedar-shore pine bog unit BEI area is represented by open water 

ecosystems, non-forested bogs, and poor fens (4,900 ha); 

 half of this area (calculated to be around 2,450 ha) is expected to be highly rated 

Sandhill Crane breeding habitat; and 

 it is estimated that Sandhill Crane breeding pairs in this region require up to 200 

hectares (ha) for their breeding territory. 



Sandhill Crane Nesting Habitat 7 

 

Based on the postulates above, and that breeding pairs need more than 225 ha for their 

territory, an area larger than 1,500 by 1,500 m, it is hypothesized that the study area contains 

enough highly rated breeding habitat for at least ten Sandhill Crane breeding pairs. 

By examining the regulatory structures that currently protect Sandhill Crane habitat in 

British Columbia, the researcher proposes to designate an area for biodiversity conservation that 

seeks to maintain the resilience of the systems that support crane breeding habitat and to sustain 

wetland services on northern Vancouver Island for human benefits. 

1.2. Objectives 

The research is focused on identifying Sandhill Crane nesting habitat in the blanket bogs 

of northern Vancouver Island using ecosystem mapping and habitat ratings. The objectives of the 

research are to:  

 describe the wetland ecosystems in terms of their vegetation structure, site conditions 

and habitat availability;  

 interpret the spatial extent of the wetland ecosystems across the landscape using 

baseline vegetation resource inventory stratification, modified terrestrial ecosystem 

mapping and wildlife habitat mapping methods;  

 rate habitat suitability and identify Sandhill Crane habitat distribution patterns; and 

 contribute to the provincial species and ecosystems conservation framework that 

strives to protect critical habitat for species at-risk and to ensure ecological integrity 

and improved human well-being. 

Proposed wind energy development on the Nahwitti Plateau has the potential to fragment 

and reduce coastal Sandhill Crane breeding habitat availability in the region. In order to maintain 

biodiversity in the region, it is believed that conserving habitat for breeding Sandhill Cranes will 
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benefit the organisms at several ecological scales, while at the same time considering social and 

economic benefits. Research into the patterns of wetland ecosystems and habitat requirements of 

the Sandhill Crane on northern Vancouver Island is critical information for land use management 

decisions relating to the breeding habitat requirements of nesting Sandhill Cranes. 

1.3. Scope 

The study area is limited to the northern Vancouver Island blanket bog Broad Ecosystem 

Inventory map unit on the Nahwitti Plateau (BC Ministry of Environment, 2008). 

The research did not attempt to define crane morphology or genetic affiliations through 

sampling, rather crane observations and breeding information were passed on to qualified 

ornithologists. 

The study design did not include water chemistry sampling for nutrients or dissolved 

oxygen, but seasonal records of percent hydrogen ions (pH) in open water wetlands were used to 

help classify wetland ecosystem types. 

An environmental certificate has been granted by the BC Environmental Assessment 

office for the proposed Knob Hill wind energy project (BCEAO, 2005); therefore, the research 

did not attempt to revisit the Environmental Impact Assessment process. Instead, the goal was to 

describe and map the Sandhill Crane habitat used for breeding, foraging and shelter. 
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2. Literature Review 

2.1. Sandhill Crane  

The Sandhill Crane is a large migratory bird standing over 1 m tall with a wing span of at 

least 1.5 m. It is characterized by long legs, long neck, brownish-grey feathers and a red cap 

(Figure 2). Sandhill Cranes can be distinguished from great blue herons (Ardea herdias) by the 

position of their neck, especially during flight; Sandhill Cranes keep their necks extended 

straight, while herons often bend their necks (Cooper, 1996). 

The Sandhill Crane is an ancient species of bird that has possibly been nesting in the 

northern Vancouver Island bogs for hundreds to thousands of years. Fossils dating back three to 

nine million years ago have been unearthed in Wyoming and Nebraska, United States that are 

identical to the skeletal structure of present day Sandhill Cranes making it one of the oldest bird 

species in existence (Matthiessen, 2001; International Crane Foundation, 2006). 

 

Figure 2. Sandhill Crane (Grus canadensis) 
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2.1.1. Sandhill Crane Distribution 

Five major populations of Sandhill Crane migrate throughout North America and Siberia, 

breeding in a range of locations in the north and wintering in the south (Jones, Krapu, Brandt & 

Ashley, 2005). It is believed that several populations of Sandhill Crane travel together through 

the southern interior and along the coast in British Columbia. The Pacific Flyway population 

breeds on their way north to Alaska from their wintering grounds in Washington, Oregon, and 

the Central Valley of California (Ivey, Herziger & Hoffman, 2003). Some groups of Sandhill 

Crane, perhaps also included in the Pacific Flyway population, are known to travel and breed 

along the coast of British Columbia (Cooper, 2004). 

Sandhill Cranes have been separated into six subspecies. Three are non-migratory and 

have small populations in Mississippi, Florida, and Cuba. The other three are migratory 

subspecies known to travel through British Columbia, yet it is not clearly understood which 

subspecies nest on Vancouver Island (Cooper, 1996). Three major migration routes are believed 

to exist: through the Okanagan Valley and Thompson Plateau; along the coast; and through the 

Peace River and Fort Nelson Lowlands via Alberta (BC Environment, 1998). Figure 3 shows the 

general migration pathways and breeding range for the Sandhill Crane (adapted from Jones et al., 

2005). 
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Figure 3. Sandhill Crane Species Distribution, Migration, and Range Map  

Debate still exists amongst biologists as to how to divide the species groups. Research 

continues to show the high degree of genetic diversity apparent in the Sandhill Crane 
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populations, possibly as a result of postglaciation secondary contact from two previously 

geographically distinct groups (Ivey, Herziger & Hoffman, 2003; Jones, Krapu, Brandt & 

Ashley, 2005). For the northern Vancouver Island population, most literature points to this being 

represented by the intermediate-sized Canadian Sandhill Crane subspecies (Grus canadensis 

rowani) (Cooper, 1996; Littlefield & Ivey, 2002); however, other authors also believe the greater 

Sandhill Crane (Grus canadensis tabida) migrates and breeds along the coast of British 

Columbia (Tacha, Vohs & Warde, 1985). 

In British Columbia, Sandhill Cranes have a widespread breeding distribution, ranging 

from the northeast, central interior, Queen Charlotte Islands, lower mainland and central coast 

(BC Ministry of Water, Land and Air Protection [WLAP], 2004b). However, there is limited 

understanding of breeding habitat for Vancouver Island Sandhill Crane populations (Resources 

Information Standards Committee [RISC], 1999b). 

Comparatively, Sandhill Crane populations and habitat information in the interior of 

British Columbia, such as in the Chilcotin and Cariboo regions, are more established and better 

documented. The Conservation Data Centre, nevertheless, once ranked the Sandhill Crane as 

being of conservation concern throughout all of British Columbia because of habitat loss and the 

aforementioned lack of data on nesting populations. Sandhill Crane species have been blue-listed 

(vulnerable) since 1994 (Harding & McCullum [eds.], 1994), yet on January 29, 2009 this 

migratory bird was de-listed to yellow status (not at-risk) due to an apparent increase in numbers 

and areas in which they were being found (BC Conservation Data Centre [CDC], 2009). 
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2.1.2. Sandhill Crane Ecology 

In general, Sandhill Cranes need secluded wetlands, meadows or estuaries with 

unobstructed views, and isolation from human disturbance for their habitat (Campbell et al., 

1990). They prefer large tracts of open habitat with good visibility of the surrounding terrain. 

Sandhill Cranes are known to breed in low elevation bogs, marshes and muskeg wetlands 

(BC Ministry of Water, Land and Air Protection, 2004a). One wildlife report from Idaho 

suggests cranes need 17 ha for their territory (Campbell, Morgan & Palmateer, 1988); however, 

cranes may use larger areas for breeding in the blanket bogs of northern Vancouver Island 

because of the large network of wetlands and forests (Cooper, 2006). 

Cranes will forage near their breeding areas and within the surrounding habitats such as 

shallow wetlands, ponds and sedge meadows. They may also utilize adjacent forest areas, marine 

estuaries and intertidal areas, if in the proximity. Krista Roessingh, a researcher at the University 

of Victoria, is studying unique crane breeding behaviour in the Central Coast of British 

Columbia, where cranes walk from coastal beaches through the hypermaritime forest to breed in 

similar bog ecosystems (2007). The diet of Sandhill Cranes includes insects, vegetation, berries, 

amphibians and small mammals (Campbell et al, 1990). 

Bogs are known to provide good breeding sites for the Sandhill Crane due to the 

availability of large areas of undisturbed habitat (Cooper, 1996). The breeding period extends 

from April to early September and migration/staging continues into October. Male and female 

cranes mate for life and will return annually to nesting sites. Eggs are laid from mid-April to late 

June, hatch from May to July and forage into the fall before migrating south for the winter (BC 

Ministry of Water, Land and Air Protection, 2004a). 
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Water table levels and vegetation growth fluctuate with the seasons in the bogs. In the 

spring when the cranes are arriving, the water levels are still high from the wet winter 

precipitation. Bog pools fill and water floods the lower slopes and depressions resulting in high 

surface water flows. As the summer months approach, the amount of precipitation decreases and 

the evapotranspiration rates increase. This drying trend results in surface water to drop in the 

depressions by up to 60 centimetres (cm), leaving only the deepest and largest streams to remain. 

The yellow-brown landscape of the dead sedge leaves in the winter turn to a carpet of green, 

providing abundant forage for the cranes when they first arrive in spring. Invertebrates and 

amphibians emerge from the pools and organic muck and are preyed upon by the cranes. The 

evergreen vegetation, such the stunted pines and cedars, always offer shelter from precipitation 

events and provide cover for their nests. 

The “living” life requisite represents all the activities that occur in the growing season, 

including foraging, security, thermal, reproducing, and moving between the habitats required for 

these activities. “Reproducing” Sandhill Cranes will fly between habitats to forage, but when the 

eggs are produced, the breeding pair share the roles for caring for the nest, retrieving food, and 

using cover for protection. After the chicks have fledged, the family group moves through the 

thick green-yellow vegetation for food, while at the same time being well camouflaged. 

2.2. Biophysical Setting 

The bog wetland complex on northern Vancouver Island is one of the largest intact 

coastal wetlands in British Columbia. The wetland complex is an elevated plateau bound by two 

major river valleys, having developed by a function of precipitation and landscape position. The 

bog ecosystems are spread across 100 square kilometers (km2) (10,000 ha) on a gently sloping 

plateau between the Nahwitti and Stranby Rivers, about 10 km north of Holberg. This area, 
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referred to as the Nahwitti Plateau, is an area of poorly drained terrain that contains a mosaic of 

wetland and forested ecosystems including poor fens, blanket bogs, bog forests, nutrient-medium 

(mesic) forests, swamp forests, and gully forests. 

Rounded and flat-topped hills that occupy the majority of the landscape show evidence of 

glacial erosion (Banner, MacKenzie, Haeussler, Thomson Pojar & Trowbridge, 1993). The 

bedrock geology on the Nahwitti Plateau consists mainly of volcanic and granitic formations 

from the Jurassic period (Howes, 1981). At the height of the Fraser glaciation, 10,000 to 20,000 

years ago, the northern tip of Vancouver Island was scoured in a northwesterly direction. Soils 

are derived from medium textured till, deposited from glacial advances (Holland, 1976). 

2.3. Biogeoclimatic Classification 

Site classification is based on the Biogeoclimatic Ecosystem Classification (BEC) system 

where a recurring pattern of sites depict the range of biophysical properties and late successional 

stage plant communities in British Columbia (Pojar, Klinka & Meidinger, 1987). An ecosystem 

represents the interactions between biological and physical parameters characterized by 

reasonably uniform vegetation, soils and hydrology. Site associations are ecosystems that reflect 

the possible mature vegetation present over a range of climates across a region. Site series are 

those representative ecosystems or vegetation communities that occur within a particular 

biogeoclimatic subzone or variant (Green & Klinka, 1994). 

The Nahwitti Plateau is an area of low relief on northern Vancouver Island lying within 

the Nahwitti Lowland Ecosection of the Western Vancouver Island Ecoregion (Demarchi, 1995). 

The study area is classified in the Southern Very Wet Hypermaritime variant of the Coastal 

Western Hemlock biogeoclimatic zone (CWHvh1) (Green & Klinka, 1994). It is characterized 

by cool, generally wet winters and warm moist summers. High intensity long duration 
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rainstorms, often accompanied by strong winds, occur during the fall and winter months 

(Demarchi, 1995). 

Broad Ecosystem Inventory (BEI) mapping has been completed for the province in order 

to delineate the major ecosystem types at a scale of 1:250,000. The study area is classified as 

seventy percent cedars—shore pine bog forest (mapcode: CB) and thirty percent western 

hemlock—western redcedar hypermaritime forest (mapcode: CH). These Broad Ecosystem Units 

are characterized by open to dense forests with a mix of western redcedar, yellow-cedar, shore 

pine, and hemlock intermixed with bog wetlands. Diverse and well-adapted vegetation types 

occur on a landscape of varying organic soil depths dominated by shrub, herb, moss, and lichen 

species (Resources Inventory Standards Committee [RISC], 1998a). 

There are thirteen forested site series described in the CWHvh1 as well as three 

floodplain and five shoreline sites. Beyond these site series, numerous non-forested and wetland 

ecosystems can potentially occur in the CWHvh1 variant, depending on vegetation, topography, 

and site conditions (Green & Klinka, 1994; MacKenzie & Moran, 2004). 

Sites with high water tables and organic soils may remain in an alternate stable state for 

thousands of years. These areas develop into wetlands and can support trees in some instances. 

Shallow soils can also produce ecosystems that fall outside the site classification system 

(MacKenzie & Moran, 2004). 

2.4. Wetland Ecology 

The northern Vancouver Island blanket bog complex represents one of the largest intact 

wetlands of its kind on Vancouver Island, encompassing over 10,000 ha. To compare, another 

large coastal bog in the Fraser Valley, called Burns Bog, is about 2,800 ha (Hebda, Gustavson, 

Golinski, & Calder, 2000). To the east of the Nahwitti Plateau, between the Nahwitti River and 
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the Shushartie River, another hypermaritime bog wetland complex is present on the Shushartie 

Mountain plateau. Similarly, large regions of hypermaritime wetland extend up the western 

Canadian mainland coast to Alaska. 

The Nahwitti blanket bogs are not only extensive, but are also globally and regionally 

significant because they are home to rare and endemic plants, provide undisturbed habitat for 

Sandhill Cranes, offer ecosystem services such as erosion control, and sequester carbon in their 

accumulated peat layers (Gignac, 2001; Inselberg, 2004; Cooper, 2006). Wetlands in British 

Columbia, such as those in the northeast or central regions can also be widespread; however, 

they are shaped by different climatic and topographic factors (Mackenzie & Moran, 2004).  

The wetland landscape on northern Vancouver Island is, for the most part, a blanket bog 

mire, also referred to as sheet bogs or slope bogs. The bog wetland consists of a complex pattern 

of open water areas, poor fens, non-forested bogs and scattered forest ecosystems. Some of these 

wetlands can be considered poor fens because of horizontal water movement (Golinski, in-prep) 

where pH ranges are closer to 5.5, but contain the characteristic structure of bog vegetation. In 

this study, the term “blanket bog” is used generally to describe the dominant wetland ecosystems 

on the Nahwitti Plateau. 

2.4.1. Blanket Bog Complex 

Blanket bogs fall into a larger class of wetlands called peatlands, defined as having 

saturated organic soils deeper than 40 cm, and include marshes, swamps, fens and bogs (National 

Wetlands Working Group, 1988). Bogs receive water from precipitation rather than groundwater 

recharge and retain the acidic rain water because input is greater than evapotranspiration rates 

(Rydin & Jeglum, 2006). Continental bogs in Russia and Canada make up the largest wetlands in 

the world, covering over 260 M km2 and representing 8 and 12 percent of land area in these 
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countries, respectively. However, blanket bogs on the west coast of Canada are comparatively 

less frequent and may represent less than 1 percent of peatlands in the country (Rydin & Jeglum, 

2006). 

In the United Kingdom, blanket bogs are considered globally rare and are recognized as 

priority habitat under the Ramsar Convention, Bern Convention, and European law (Royal 

Society for the Protection of Birds, 2006). In Canada, few representative blanket bogs have been 

protected and, those that have been realized have come about mainly through local and regional 

park designations but are not nationally recognized as threatened ecosystems. 

Coastal blanket bogs are chemically distinct, vegetatively different, and limited in 

distribution compared to continental bogs in the boreal regions of Canada (Vitt, Halsey & Doubt, 

1999). In North America, blanket bogs are common along the coast from Alaska, through British 

Columbia and, to a lesser extent, in the Pacific northwestern United States. Blanket bogs are 

present on western Vancouver Island in low-lying coastal terrain, but are smaller and more 

isolated in comparison to the blanket bogs of the Nahwitti Plateau. While the continental bogs 

and coastal blanket bogs can be differentiated by chemical and physical properties, both wetland 

forms provide similar habitat for countless species of plants and animals, including Sandhill 

Cranes (Kulzer, Luchessa, Cooke, Errington, Weinmann & Vitt, 2001). 

Since bogs are nutrient deficient and acidic, the plants and animals that occupy these 

ecosystems are unique in that they have adapted to non-optimum conditions. Stunted pine and 

ericaceous shrubs cover the sloped blanket bogs with peat-mosses like Sphagnum austinii (tough 

peat-moss), a coastal species that forms firm mounds (Banner, LePage, Moran, & de Groot 

[eds.], 2005). Naturally decaying peat areas are also common on more shallow soils (Mackenzie 

& Moran, 2004). These degraded peatlands are dominated by sedges and contain a variety of 
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moss species, leafy liverworts and ground lichens rather than Sphagnum species (Pojar & 

MacKinnon, 1994). 

Bogs are usually described as non-productive from forestry disciplines and, while this 

may be true in terms of timber value, it is clearly not the case in terms of habitat and ecosystem 

function. The development of the Nahwitti Plateau bogs has taken place over thousands of years 

and shows evidence of being an intact, biologically diverse system.  

2.4.2. Ecosystem Services and Human Well-being 

Human well-being is a reflection of such things as shelter, access to clean water, the 

ability to produce food, health, freedom, and choice (Millennium Ecosystem Assessment, 2005). 

Depending on cultural and social circumstances, well-being can take many forms. In some cases, 

ecosystem function has suffered in many localized regions of the world due to the consequences 

of over exploitation. This has occurred where human well-being has accelerated beyond basic 

needs in places such as North America. In other instances, over-population in developing 

countries, where human well-being has still not been met, has resulted in ecosystems being badly 

degraded. Healthy wetlands, particularly, are vital to human existence as water purifiers and 

climate moderators (BC Ministry of Environment, 2009). 

While the bogs of northern Vancouver Island and coastal British Columbia are relatively 

pristine, the blanket bogs in Ireland and Scotland, for example, have been over-harvested for peat 

(important for economy, scotch breweries, and fuel) and heavily impacted by agricultural 

conversion (Irish Peat Conservation Council, 2003). 

Recent concern over greenhouse gas production and subsequent climate change warnings 

has affected policy in British Columbia to look for alternative power sources (Province of British 

Columbia, 2002). Wind energy in British Columbia is being sought as a potential power source 
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to replace current forms of carbon-sourced energy, and is anticipated to increase the well-being 

of provincial residents. The trade-offs, however, need to be considered with our needs for basic 

ecosystem services and biodiversity. 

The contributors to the Millennium Ecosystem Assessment define ecosystem services as 

the “benefits that people obtain from ecosystems” (Millennium Ecosystem Assessment, 2005). 

Human survival is interdependent on the services that wetland ecosystems provide. Maintaining 

wetland biodiversity is linked to basic human provisions of food, water, recreation, and culture 

(NTREE, 2003; Vold, & Buffett [eds], 2008). Habitat loss is one of the leading threats to 

biodiversity (Wilson, 1992; CIT, 2004). 

Blanket bogs also provide global and regional ecological services such as absorbing 

runoff, storing carbon and providing habitat for specific groups of biota (Gignac, 2001; Davis, 

1993). These, and other hydrophilic ecosystems, also prevent erosive flooding events, act as 

water filters, and hold rare and endangered species of plants and animals (Inselberg, 2004). Bog 

ecosystems are made up of accumulated layers of “peat” or dead plant material, including sedge 

roots, shrub leaves, liverworts, and peat mosses (Sphagnum spp.). Peat in these systems is rich in 

fossil carbon, removed from the atmosphere by peat-moss and plants and accumulated over 

thousands of years (Irish Peat Conservation Council, 2003).  

The Nahwitti Plateau, in particular, receives vast amounts of precipitation and wind, 

providing hydrological storage to reduce flooding in the Nahwitti and Strandby River drainages, 

as well as offering a source of wind energy for human benefits. In addition, northern Vancouver 

Island wetlands provide coastal protection, recreational opportunities and medicinal plant 

collection areas (Millennium Ecosystem Assessment, 2005). 
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2.4.3. Wetland Habitat and Biological Diversity 

Wetlands provide habitat for countless organisms that possess genetic variability across 

the landscape. From adapted bacterial antigens, to diverse vegetation assemblages and complex 

habitat structure, the bogs have developed into a unique coastal wetland resource. Climate and 

geography limit forest productivity, yet the wetland vegetation structure is more diverse due to 

variable light conditions and high water tables. 

The harsh wet winter conditions offer relatively bleak feeding opportunities for large 

mammals, but provide large areas of amphibian and avian habitat. Small mammals are more 

likely to seek forage in the coastal zones rather than venture into the elevated wetland region; 

however, sub-populations may find niche habitat and utilize unfound resources. Black bear and 

grey wolves, for example, occasionally roam the open bog forests and wetlands in search of 

food, travel corridors, and shelter. 

Biodiversity is represented by the mixture of living organisms and their relationships 

within their own population, with their surroundings, and with other species groups (Wilson, 

1992; Vold & Buffett, 2008). Humans are not excluded from biodiversity. Human populations 

have evolved over hundreds of thousands of years with nature, and our connection with and 

dominance over other life forms has lead to our successful habitation of earth. 

Ecosystem-level biodiversity is supported by the complex relationships involving 

climate, soils, vegetation, and macro- and micro-organisms that drive the wetlands and bog forest 

processes. Wildlife trees, coarse woody debris, acidic organic soils, and riparian features are just 

some of the attributes that maintain the biological diversity and ecological integrity of the forests 

and wetlands in the study area (Fenger, Manning, Cooper, Guy & Bradford, 2006). 
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A unique set of animals have adapted to bogs and, due to the acidic levels of the water, 

few macro-aquatic species have the ability to live year round in the ponds and streams. Birds, 

however, find these wetlands conducive for habitat and breeding grounds; as abundant insects 

occur in the shallow pools of water, which provide nourishment to higher trophic levels. 

Carnivorous plants like sundew (Drosera sp.) and butterwort (Pinguicula sp.), also obtain 

additional nutrients from insects caught in their specialized sticky leaves. Many berry-producing 

and other ericaceous plants exist in bog ecosystems and provide essential nutrients and 

carbohydrates for birds and animals. This dynamic, nutrient-cycling process is instrumental for 

providing habitat, foraging, and breeding grounds for the Sandhill Crane. 

The ancient bog ecosystems also house a wide variety of rare and endemic plant species 

and communities that, together with Sandhill Crane habitat, help to sustain species-level and 

ecosystem-level biodiversity in the area. Crane habitat within the bogs, act as an indictor of 

biodiversity at the genetic-, species-, and ecosystem-level and is a goal of EBM (CIT, 2004). 

Ecosystem and wildlife mapping methods provide a tool for capturing the diverse ecosystems 

that function in the area.  

2.5. Regulatory Context 

In January 2009, the status of the Sandhill Crane in British Columbia was re-evaluated by 

the Conservation Data Centre (CDC). With the species’ removal from the blue-list, meaning 

their populations are apparently stable (yellow-listed) and pending development, it is this 

researcher’s opinion that the requirements of managing identified crane habitat are now even 

more important. Recovery strategies were not initiated while the crane was considered ‘at-risk’ 

and, as a result, little is known about their habitat, especially on the coast (Cooper 1996; Tacha et 

al., 1992; BC Ministry of Water, Land and Air Protection [WLAP], 2004b). The blue-list 
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designation provided a formal ranking for candidate species to be considered either provincially, 

under the British Columbia Wildlife Act, or nationally by the Committee on the Status of 

Endangered Wildlife in Canada (COSEWIC) and the Species at Risk Act. These lists offer 

realistic methods for conservation efforts and land-use decisions and help to prioritize research, 

inventories, management, and protection activities (CDC, 2006). 

Sandhill Crane breeding habitat is protected under the provincial Wildlife Act of 1982; 

however, nests are only protected when they are occupied by adult birds, their young, and/or 

eggs (Environment Canada, 2006a). 

The Minister of Environment, in combination with responsibilities through the Wildlife 

Act, authorizes two categories of wildlife “requiring special management attention”. These two 

categories of “wildlife” are the Category of “Species at Risk” and the Category of “Regionally 

Important Wildlife”. Under the “Species at Risk” category, the Sandhill Crane habitat can be 

managed through 1) the establishment of a wildlife habitat area; 2) the implementation of general 

wildlife measures; or 3) other management practices specified in strategic or landscape level 

plans. The authority to establish wildlife habitat areas or general wildlife measures are facilitated 

through sections 9 and 10 of the Government Actions Regulation (WLAP, 2004b). 

The Ministry of Environment and Ministry of Forests, together, regulate land use under 

the Forest and Range Practices Act. An initiative created through this partnership called the 

Identified Wildlife Management Strategy provides direction, policy, procedures and guidelines 

for managing wildlife that are endangered, threatened, or vulnerable. “Identified Wildlife” can be 

species of invertebrates, vertebrates, plants and plant communities negatively affected by forest 

or range management on Crown land which are not adequately protected by other mechanisms. 
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The strategy is carried out in consultation with other resource ministries, stakeholders and the 

public (BC Ministry of Water, Land and Air Protection [WLAP], 2004a). 

The authorities responsible for conserving migratory birds and wildlife include the 

Canadian Wildlife Service and the BC Ministry of Environment (Resources Inventory Standards 

Committee [RISC], 1999b). The federal Migratory Birds Convention Act of 1994 is a 

coordinated system between Canada and the United States, in which the two countries agree to 

protect migratory birds from harvesting and destruction. The intent of the regulation is 

conservation and protection of migratory birds along their route; and specifically controlling 

instances of hunting, sale, purchase, or shipment of migratory birds, as well as protection of their 

nests or eggs. 

The British Columbia Fish Protection Act was created to protect fish habitat in British 

Columbia. Together with the Federal Fisheries Act, these legislative instruments directly protect 

fish habitat such as, spawning gravel, and indirect fish habitat, such as insect drop and nutrients 

from upstream sources. Some provincial jurisdictions have adopted Riparian Area Regulations 

that require detailed methods and a qualified environmental practitioner to evaluate fish habitat 

setbacks to development. 

Adjacent to the research location, to the north, lies Cape Scott Provincial Park 

encompassing 22,000 ha of coast, including the lower sections of the Nahwitti and Stranby 

watersheds. Ecological reserves are now governed and regulated by three consolidated acts, the 

Protected Areas of British Columbia Act, Park Act and Park and Recreation Area Regulations, 

and the Ecological Reserve Act. Ecological Reserves protect biodiversity through ecological and 

genetic maintenance and hold important genetic resources in the form of representative 

ecosystems, endangered habitats or rare species. An ecological reserve, park or protected area is 
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managed by the BC Ministry of Environment through the Protected Areas Strategy and land use 

management plans (BC Ministry of Environment, 2007). The intent of the Vancouver Island 

Land Use Plan, specifically, provides strategic direction such as establishing protected areas and 

protecting key old growth forest ecosystems and special ecological features. 

Establishing a network of protected areas at the landscape-level within sustainably 

managed areas is the objective of biodiversity conservation (National Round Table on the 

Environment and the Economy, 2003). A goal of the National Round Table on the Environment 

and the Economy seeks to conserve our natural heritage and to protect biodiversity. Portions of 

the Nahwitti Plateau, for example, could be added to Cape Scott Park as a network of wetland 

ecosystems and be managed in combination with wind energy projects to maintain areas of 

connected habitat and gene flow.  

2.6. Available Background Information on the Study Area 

Breeding bird surveys have been conducted in the study area since 2004. Marbled 

Murrelet radar surveys and general wildlife surveys, for example, were required to satisfy the 

British Columbia Environmental Assessment process. Contracted Sandhill Crane surveys were 

performed by wildlife biologists on May 14, 2004 for Sea Breeze Power Corp. (Cooper, 2006) 

and May 26, 2005 and May 2008 for Nomis Power Corporation (Ecosystems Consulting, 2009). 

Cooper (2006) reported on four nest locations in the region. Two nests were observed 

east of the Nahwitti River at the headwaters of Godkin Creek on the Shushartie plateau and 

another two in the research study area. The researcher located the first nest on May 1, 2004 near 

a Marbled Murrelet radar station, 1.2 km east of Tyllia Creek and 6 km from the mouth of the 

Nahwitti River.  
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In 2005, Robertson Environmental Services conducted Sandhill Crane nest surveys 

throughout the bogs and observed multiple crane occurrences (Ecosystems Consulting, 2009). 

Their ground and aerial observations suggest cranes are breeding throughout the entire bog 

wetland during May and June, and are staging during fall migration. 

Sea Breeze Power was issued an Environmental Assessment Certificate in 2004, pursuant 

to the BC Environmental Assessment Act, and has recently been granted an extension to start 

construction by September 21, 2014, to allow time for the acceptance of an Electricity Purchase 

Agreement from BC Hydro (BC Environmental Assessment Office [BC EAO], 2009). Sea 

Breeze Power is proposing to construct up to 150 turbines for the Knob Hill Wind Farm project 

that will generate up to 450 Mega watt/hr. Nomis Power Corporation is also in the processes of 

applying to the BC Environmental Assessment Office for an additional 100–150 turbine 

development proposal called the Nahwitti Wind Farm project; both projects are planned in the 

research area. 

Wind energy proponents will be required to design sustainable roads and to mitigate 

construction impacts (BC Environmental Assessment Office [BC EAO], 2005). During 

operation, the projects must provide an access management plan, as well as monitor habitat and 

vegetation communities. 

Wind energy development and forestry operations in the region will require ecosystem-

based strategies to manage and monitor crane habitat. The effectiveness of EBM strategies can 

be gauged by assessing the trade-offs between maintaining ecological integrity and benefits to 

human well-being (Griffiths, 2008). Applying an EBM approach to habitat protection can ensure 

that Sandhill Crane nesting habitat and related biodiversity components are maintained for future 
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generations. Without appropriate measures; ecological, economic, and societal values of the 

wetlands may be jeopardized. 

2.7. Ecosystem-based Management 

The Coast Information Team (CIT) has developed a management framework for applying 

EBM solutions to the central coast of British Columbia. The CIT was set up by the Provincial 

Government of British Columbia, First Nations of the region, environmental groups, and forest 

products companies to produce ecosystem-based management (EBM) guides and regional and 

subregional analyses. 

This approach is relevant to the north island because it includes similar climate and 

hypermaritime landscapes. Solutions are intended to be practical, using independent information 

on the region and the best available scientific, technical, traditional, and local knowledge to 

resolve land use and natural resource management issues (CIT, 2004). The key elements of EBM 

planning are: multiple spatial scales; conservation planning; socio-economic planning; risk 

management; interactive process of assessment, design, integration, and implementation; and 

adaptive co-management (CIT, 2004) 

The guiding principles and objectives of the CIT can be used to direct and discuss the 

governance tools to sustain Sandhill Crane populations and conserve bog wetland biodiversity. 

Ecosystem-based management objectives include supporting human well-being, while 

maintaining the spatial and temporal traits of ecosystems so that the species, and processes that 

regulate the lands, are sustained. The CIT principles focus on maintaining ecological integrity for 

the diverse group of species and ecosystems on the coast, especially for those listed “at-risk”. 

The objectives also seek to achieve high levels of human well-being and balanced distribution of 
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socio-economic and environmental benefits, costs, and risks across coastal British Columbia 

(Millennium Ecosystem Assessment, 2005). 

The territory required for conserving Sandhill Crane breeding areas should be large and 

continuous because they need large undisturbed wetlands for reproducing and foraging. Many 

levels of biological organization are included within protected wildlife management buffers at 

the large scales necessary to minimize disturbance to nesting migratory birds. 

The wetland ecosystems function as a sponge for regulating drainage from high amounts 

of precipitation and are a vast area of primary production. Ecological services such as these are 

essential regulating services that support biodiversity. At the same time, socio-economic values 

such as wind energy production may help to solve the energy demands and issues of human-

induced global warming by replacing fossil-fuel power sources in British Columbia. The simple 

objective, therefore, should be to balance areas of the Nahwitti Plateau needed for wind energy 

development, with an appropriate amount of wetland habitat conservation.  

Ecosystem mapping provides a method for spatially representing the structure and pattern 

of Sandhill Crane habitat and biophysical values for the wetland landscape. Vegetation Resource 

Inventory (VRI) mapping is available from BC Ministry of Environment that delineates the 

landscape by vegetation cover (BC Ministry of Forests and Range, 2007). VRI mapping can be 

used as a base for developing ecosystem and crane ratings maps. Polygons can be coded with 

ecosystem attributes, modifiers and habitat ratings supported by sufficient ground verification. 

Habitat models can be built with ecosystem mapping data and ecosystem-based resource 

mapping (ERM) tools (BC Ministry of Environment, 2006a). With qualitative data and spatial 

information, wildlife ecologists can reveal patterns of habitat that cranes prefer for nesting, 

shelter, and forage.  
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3. Research Methodology 

3.1. General Approach 

Provincial baseline VRI mapping, ecosystem mapping methods, and geographic 

information systems were used as tools to spatially represent the bog wetland landscape. 

Ecosystem surveys and Sandhill Crane inventories formed the qualitative and quantitative 

information that were applied to the species-habitat models and Sandhill Crane ratings specific to 

the Nahwitti Plateau wetlands on northern Vancouver Island. 

Crane surveys were used to identify where cranes live and breed. This was supported by 

field observations, evidence of use, and habitat suitability ratings as qualitative values for 

selecting crane habitat and biodiversity conservation areas. These wildlife management areas 

were intended to meet EBM objectives for sustaining suitable habitat and wetland ecosystem 

services on northern Vancouver Island. 

Wildlife habitat protection mechanisms were also reviewed to reveal the best governance 

measures for sustaining crane breeding habitat. An EBM approach was used to study the 

ecological integrity of the bog wetlands for biodiversity maintenance and the promotion of 

human well-being. Conservation planning strategies were considered to address provincial 

biodiversity objectives and to encourage responsible stewardship if wind energy development is 

implemented in the region. 

By conserving wildlife habitat in the wetland landscape, the intent is that both Sandhill 

Crane habitat and ecological services are sustained for biodiversity maintenance, as well as for 

human benefit (i.e., sustainable energy use). 

To achieve the above, research methodology consisted of the following general tasks: 
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1. comparing vegetation structure within the four habitat types and, with crane 

observations in the field, determining which habitat types are important for breeding 

Sandhill Cranes; 

2. rating the four habitat types for shelter, forage, nest habitat, and general living 

suitability; 

3. mapping the spatial patterns of suitable Sandhill Crane breeding habitat in the bog 

wetland study area; and 

4. recommending wildlife management areas for breeding Sandhill Cranes using habitat 

mapping results. 

3.2. Research Location 

The research site was located in a large intact wetland complex on the northern tip of 

Vancouver Island (Figure 4). The area consists of an elevated, low-relief bog mire wetland and 

upland forest communities on the Nahwitti Plateau, positioned west of Nahwitti River, east of 

Stranby River, and north of Holberg Inlet. The study area lies to the south of the North Coast 

Trail portion of Cape Scott Provincial Park. Knob Hill and Soren Hill are positioned in the 

western part of the study area. The elevation boundaries range from 200 to 500 m and drainage 

flows in all directions. The landscape generally slopes north, mainly occupying the Stranby and 

Nahwitti River watersheds. Within the boundary of the research area, seven watersheds were 

encompassed. Drainages travel north into Irony Creek; west to Stranby River and northwest via 

Obling Creek into the Stranby River; northeast via Tyllia and Bragg Creeks into the Nahwitti 

River; and, south through the headwaters of Goodspeed River. 
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Figure 4. Nahwitti Plateau Research Area  
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3.2.1. Study Area 

The study area boundary was selected from a Broad Ecosystem Inventory (BEI) map unit 

since it captures a heterogeneous wetland landscape where the majority of vegetation is a mosaic 

of bog wetlands and bog forests, suitable for Sandhill Crane nesting habitat. The BEI map unit is 

classified at a scale of 1:250,000 and represents a mix of cedars—shore pine bog and western 

hemlock—western redcedar forest (RISC, 1998a). The British Columbia Wildlife Habitat 

Assessment Standards suggest that wildlife habitat assessments need a seasonal range derived 

from BEI mapping for a specific wildlife species for a particular season (RISC, 1999). Sandhill 

Crane breeding habitat, therefore, was assessed for the growing season on northern Vancouver 

Island, during the months that it migrates to coastal British Columbia during April to October. 

3.3. Ecosystem Mapping Methods 

Ecosystem mapping attributes provide descriptions of the landscape in the form of 

structural stages (i.e., vegetation structure) and map codes (i.e., representative ecosystems). Up 

to three map codes can be applied to each ecosystem polygon with applicable modifiers to 

describe the structure and ecosystem types found within. Each ecosystem component is 

represented by a decile that depicts the percentage area of the ecosystem occupying the polygon. 

An ecosystem must represent at least ten percent of the polygon area in order to be mapped. 

These interpretations seek to present each polygon area with the dominant ecosystem and 

vegetation structure. 

ArcGIS® software was used to import the digital VRI polygon base and then the VRI 

base layer was clipped to the study area boundary. Some of these polygons were split further, 

based on areas of similar vegetation composition and structure. Separate vegetation communities 

were delineated, representing relatively homogenous ecosystem units at 1:10,000 scale (i.e., 1 
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cm = 100 m), by using interpretations of tone, texture, colour, shape, shadow, size, and pattern of 

vegetation (i.e., open, closed, layered, clumped). 

The original VRI mapping contained about 900 polygons that were originally interpreted 

at 1:20,000 scale. This spatial layer was divided to refine the base mapping to a finer scale, 

subsequently increasing the number of polygons to 1,024, reflecting additional differences in 

vegetation structure and dominant ecosystem types. 

TEM standard attributes were applied to each polygon using map codes from the 

provincial standards provided in the Standard for Terrestrial Ecosystem Mapping in British 

Columbia (RISC, 1998a). 

Bioterrain features were not attributed, instead soil moisture and nutrient status were 

interpreted from site series vegetation descriptions and associated edatopic grids from the 

applicable Land Management Handbooks No. 26, 28, and 52 (Banner, MacKenzie, Haeussler, 

Thomson, Pojar, & Trowbridge, 1993; Green & Klinka, 1994; Mackenzie & Moran, 2004). 

Although bioterrain mapping can help to correlate ecosystem types with terrain features, field 

and interpretation costs would increase dramatically. Terry Lewis, Terrain and Soils Consultant, 

has mapped bioterrain features for a portion of the study area for Sea Breeze Power Corp. (BC 

EAO, 2005). 

Vegetation structure is often a reflection of the soil depths and terrain types on the 

landscape, and since it forms the basis of ecosystem differences, was able to be interpreted by 

viewing aerial photography in stereo (i.e., three-dimensional viewing). This scale domain was 

appropriate for examining the ecosystem variety present in the wetland complex. 

Map codes were used to represent ecosystems with two upper case letters indicated in the 

provincially correlated TEM code list (BC Ministry of Environment, 2006), including non-
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correlated ecosystem units that have been used for the adjacent Shushartie terrestrial ecosystem 

mapping project (Shearwater Mapping Ltd., 2000). Wetlands were classified following the 

Wetland and Riparian Ecosystem Classification system (WREC) which is based on the BEC 

system (Mackenzie & Moran, 2004). The map codes indicate a particular site association or a 

group of site series. For example, the zonal forested ecosystem is represented by the map code 

“HS”, representing a Hemlock–Salal forest, and exhibits a range of structural stages and 

medium- to poor-nutrient forested sites series. See Section 4.2 for a description of ecosystem 

map codes and associated modifiers. 

Structural stage modifiers reflect the age and vegetation structure of the landscape. Seven 

classes are recognized from Stage 1 (sparse/bryoid) to Stage 7 (e.g., old forest). See Appendix A 

for a description of structural stages. The structure of an ecosystem depends on the development 

stages of the vegetation and time since disturbance. 

3.3.1. Information and Data Sources 

The study area boundary was obtained from the BEI map unit (70%CB 30%CH) from the 

Broad Ecosystem Mapping for British Columbia (Crown Registry and Geographic Base branch, 

2007). 

The Vegetation Resources Inventory Branch provided the digital 1:20,000 mapping base 

for the following 1:20,000 scale map sheets: 092L071, 092L081, 102I080, 102I090 (BC Ministry 

of Forests and Range, 2007). 

Black and white air photos from 1996 were used as a base for interpreting the landscape. 

Eight small scale (1:40,000 scale) air photos were sufficient to cover the study area 

(15BCB96094: 137-140, 169-172) enabling stereoscopic viewing to be conducted on a computer 

monitor (PurVIEW extension for ArcGIS®, 2007). Although larger (1:15:000) scale color 
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photos were available from the same year, the increased number required to cover the area 

(roughly 65 air photos), made their use impractical and costly. A limited number of these large 

scale photos, however, were used for field navigation and local interpretation of ground 

transects. 

Terrain Resources Information Mapping (TRIM) was provided by the BC Ministry of 

Environment on a data-sharing agreement at no charge, to create a digital elevation model for 

GIS systems operation. The TRIM spatial layer also included elevational contours and hydrology 

attributes that provided additional information for rating the ecosystems, including open water 

wetlands and drainages.  

Andrew Neale Digital Mapping was hired to create digital models from the scanned air 

photo images and TRIM elevation model. Each model required aerial triangulation to geo-

reference the air photo image. Although photogrammetric costs were dramatically reduced by 

using the small scale air photos (as mentioned earlier), the interpretation quality was not 

hampered. The 3D-viewer software provides the ability to zoom-in to better than 1:5,000 scale 

for interpreting ecosystem attributes. 

3.4. Vegetation and Habitat Survey Field Methods 

Ecosystem conditions and Sandhill Crane nesting habitat suitability ratings were assessed 

through field surveys both on-ground and with the aid of helicopters. Vegetation structure, site 

conditions, and signs of Sandhill Crane presence or habitat use (sign) was recorded during their 

spring and summer breeding period in the study area from April to July. Furthermore, habitat 

suitability was rated during the entire growing season, which lasts from April to October in the 

Coast and Mountains ecoprovince (RISC, 1999a). 
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The range of ecosystems found in the study area that could be mapped at 1:10,000 scale 

were investigated, focusing on the vertical and horizontal vegetation structure at each inspection 

point. At each inspection point or observation station, data on Sandhill Crane sign was recorded 

and the ecosystems were rated to determine which habitat types were suitable for Sandhill Crane 

breeding habitat; as well as for forage suitability, security and thermal requirements. General 

living conditions were also recorded while migrants visited or reproduced in the study area. 

Ecosystems were described in the field following the Ministry of Environment Field 

Manual (BC Ministry of Forests, 1999). Ecological plot sampling data were collected using 

Ground Inspection Forms (GIF), as per the Field Manual for Describing Terrestrial Ecosystems 

(RISC, 1998b). Vegetation ground inspections were conducted over two breeding seasons (2006 

and 2007) using helicopter services from Prism Helicopters and West Coast Helicopters to 

perform aerial nest inventories in 2007. 

3.5. Vegetation and Ecosystem Field Surveys 

A stratified sampling strategy was designed to collect field data from as many types of 

ecosystems as possible throughout the study area. Plot sampling sites were mostly pre-selected to 

focus on open water bog areas where Sandhill Cranes are known to nest and aerial photography 

was used to navigate and to guide inspection locations. The goal of the field surveys was to 

confirm structural stages, site associations, wetland complexes, and ecosystem types that were 

difficult to identify from the air images (e.g., differences between fens and bogs).  

A portion of the study area was ground surveyed by random directed transects in order to 

capture the complexity of the bog wetland structure, forested matrix, and representative site 

associations. Some transects were guided by pre-selected, widely-spaced plot locations. In other 

cases, plot locations were clustered to investigate the microhabitats of the landscape. The study 
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area was accessed by public and private forestry roads and by helicopter. A total of 246 

inspection points were sampled, including visual inspections (macrosite-scale), ground plots 

(mesosite-scale), and 1-m quadrats (microsite-scale). Field surveys were concentrated in the 

lower elevations (<300 m) where the habitat was a mix of forested and blanket bog ecosystems. 

The upper elevations, between 300 and 500 m were very sparsely forested. Crane activity was 

recorded at each inspection plot and at three observation stations during each field session over 

the two-year research project. 

Six field sessions were conducted over the course of two years—two in 2006 and four in 

2007—including two helicopter-assisted Sandhill Crane surveys, on May 9 and June 16, 2007. 

The research location was visited five times over two years with each field session lasting two to 

four days in duration. One day-trip was performed on April 13, 2007 to assess water levels in the 

bog wetlands to determine whether cranes had arrived for breeding. See Appendix B for 

inspection dates and plot data results. Figure 5 depicts the plot distribution for all inspection 

dates including helicopter surveys. 

Appropriate precautions were followed to minimize disturbance to nesting cranes and 

introduction of non-native vegetation. Footwear and equipment were cleaned and sterilized with 

dilute bleach cleaner, prior to ground surveys, to avoid transfer of foreign plant materials. 

Helicopter surveys were conducted at altitudes well above the ground and tree heights (>100 m). 

Flight altitude was sufficient to locate crane and nest presence, but not so low as to interfere with 

crane breeding behaviour. This was limited in known active nesting areas, recording only 

presence or absence of crane pairs, nests and eggs. 
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Figure 5. Ecosystem Transects and Sandhill Crane Survey Locations 
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Sandhill Cranes typically start nesting in May and share parental responsibility for the 

eggs and young for about three months before flying in August and September (Campbell et al., 

1990). Field work, therefore, was conducted in early May to inspect the open bog areas that 

showed nesting potential and then returned in June and July to record vegetation information at 

optimal growing conditions. Potential nest sites were re-visited and observations were collected 

for any crane evidence to correlate with the habitat types. 

Vegetation structure was stratified into five vertical layers; bryophyte-lichen, herbaceous, 

dwarf shrub (>0.5 m), low shrub (0.5–2 m) and tall shrub (>2 m) documented at three spatial 

scales: microsite (1 m2), mesosite (400 m2), and macrosite (2,500 m2).  

The most common sampling method was macrosite scale plots (visual inspection), 

followed by mesosite plots (ground inspections), with only selected microsite plots (quadrat 

inspection). Species information was recorded on tree, shrub, herb, and bryophyte layers for each 

20 by 20 m mesosite plot (400 m2). At mesosite plots, percent cover was estimated for each 

species and overall percent cover for each vertical layer. Horizontal vegetation structure was 

described as forested or non-forested and expressed as “continuous”, “clumped”, or “layered”. 

Site conditions were interpreted by analyzing slope position, moisture regime, nutrient regime, 

structural stage, elevation, and surface topography. 

Macrosite plots, also called visual inspections, were recorded during aerial surveys and 

ground surveys covering 50 x 50 m (2,500 m2). Dominant vegetation species and structure were 

recorded at macrosite plots to classify and rate the habitat. These visual inspections were used to 

confirm site series, structural stages, and areas not accessible for more detailed plots because of 

access limitations. During the course of the surveys, disturbance factors and riparian features 

were also noted, where applicable. 
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At various ground survey locations, microsite quadrats (1 x 1 m) were placed to capture 

the diversity of herb, bryophyte, and lichen species; as well as to describe vegetated islands 

where Sandhill Cranes could potentially nest. 

In the context of Sandhill Crane breeding habitat, four main habitat types were sampled 

that represent the four main structural stage categories: 1) open water areas and bog pools; 2) 

nutrient-poor fens, 3) non-forested bogs; and 4) forested areas. The variability of habitat types 

was assessed, including open water and berry-producing shrubs (forage habitat), tree and shrub 

cover (security habitat) and suitable nesting sites (breeding habitat). See the Sandhill Crane 

Rating Scheme in Section 3.7.1. 

Field observations on substrate depth were determined with the use of a one-meter long 

hand auger and classified by The Canadian System of Soil Classification (Soil Classification 

Working Group, 1998). In addition, the distance of open water areas to shrub bog or bog forest 

ecosystems were estimated. Biological parameters were also noted to reflect the presence of 

invertebrates, amphibians, mammals, and other associated birds species present.  

3.5.1. Sandhill Crane Nest Inventory 

Sandhill Crane inventories followed standardized methods (RISC, 1999a). Nest inventory 

methods for waterfowl and allied species were used to guide the nesting habitat data collection 

(RISC, 1999b). North American status reports and literature were reviewed to gain the current 

understanding of Sandhill Crane nesting habitat. These reports, including the Washington State 

Recovery Plan for the Sandhill Crane and the Status of the Sandhill Crane in British Columbia, 

suggest survey needs and methods for identifying wetland habitats critical to the crane (Cooper, 

1996; RIC, 1999; Littlefield & Ivey, 2002). The methods include identifying presence or no-

detection sampling strategies as well as relative and absolute abundance protocols. Given that 
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absolute and relative abundance methods require repeated breeding pair counts, which was 

outside the scope of the research, a presence/not detected method was followed. Presence/not 

detected protocols only required detection and identification of crane presence, but followed 

similar sampling techniques as abundance protocols; including observation stations, helicopter 

surveys, and ground transects (RISC, 1999b). 

3.6. Sandhill Crane Habitat Suitability 

Vegetation survey data and nest inventory results were used to verify forage, shelter, and 

nesting habitats of the Sandhill Crane. Sandhill Crane habitat suitability was themed using 

habitat ratings applied to the ecosystem mapping. Provincial wildlife habitat mapping tools, 

available on the BC Ministry of Environment’s website, were used to run the species-habitat 

models. Ecosystem-based resource mapping (ERM) system tools were utilized for modeling 

crane habitat suitability (BC Ministry of Environment, 2006a). Three output options were 

derived from the habitat mapping tools: highest rating per polygon, average rating per polygon 

and largest area rating per polygon. 

The best breeding habitat for Sandhill Cranes in the Nahwitti Lowland Ecosection, from 

April to August, is hypothesized to be found in lower elevation sedge and shrub-dominated bogs 

near open water foraging areas, such as ponds, small lakes, and drainages (International Crane 

Foundation, 2009; personal observation, 2004). 

This preposition was investigated using qualitative field descriptions and evidence of Sandhill 

Crane habitat use. Evidence of crane habitat use included any of the following visual or auditory 

elements: 

 sightings—visual observations of cranes flying or walking; 

 vocal calls—audio observations of cranes (contact, guard, or unison calls); 
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 nests—evidence of nest building with crane eggs intact or broken; 

 tracks—visual observations of crane foot prints; 

 feathers—visual observations of crane feathers—confirmed by ornithologist; and 

 droppings—evidence of crane excrement—confirmed by ornithologist. 

Four main habitat types were sampled across the wetland landscape; open water 

wetlands, poor fens, slope/blanket bogs, and forested areas. Several ecosystems occur within 

each habitat type and these habitats were also compared for the suitability of Sandhill Crane 

breeding use. Breeding use refers to habitat that provides nesting, forage or shelter for Sandhill 

Cranes during their breeding season from April to October. Ratings were applied to the 

ecosystem map units as per the ratings table for Sandhill Crane.  

3.7. Sandhill Crane Habitat Rating Scheme 

Sandhill Crane habitat was determined by surveying nesting habitat (open water areas 

with vegetated islands), forage habitat (lakes, open water areas, and blanket bogs with berry-

producing shrubs), shelter habitat (bog forests with shrub and tree height greater than 2 m and 

greater than 10 percent cover, and general living requirements (mosaic of bog wetlands and bog 

forests in low relief and low elevations). 

Migratory species, such as Sandhill Cranes are wide-ranging during their migration, but 

have more medium-ranging habitat use during their breeding periods. Sandhill Cranes are 

considered to be a breeding visitant, based on the British Columbia Wildlife Habitat Ratings 

methods; therefore, its living and reproducing requirements needed to be rated to accurately 

gauge habitat use, during three seasons: spring, summer, and fall. Table 1 outlines the Sandhill 

Crane life requisites and seasonal use. 
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Table 1. Sandhill Crane Life Requisites and Seasonal Habitat Use 

Month Season* Life Requisite Time Period 
January Winter Not rated Wintering in south  

February Winter Not rated Wintering in south 

March Winter Not rated Wintering in south 

April Spring Shelter/Forage/Reproducing/Living Migrating/Breeding 

May Spring Shelter/Forage/Reproducing/Living Breeding/Foraging 

June Summer Shelter/Forage/Reproducing/Living Fledging/Foraging 

July Summer Shelter/Forage/Reproducing/Living Living/Foraging 

August Summer Shelter/Forage/Reproducing/Living Living/Foraging 

September Fall Shelter/Forage/Reproducing/Living Staging/Foraging 

October Fall Shelter/Forage/Reproducing/Living Migrating/Staging 

November Winter Not rated Wintering in south 

December Winter Not rated Wintering in south 

*Season defined for Coast and Mountains Ecoprovince (RISC, 1999a) 
 

The growing season represents spring, summer and fall months, as these months are the 

approximate time that the cranes inhabit the bogs when they are living, feeding, reproducing and 

seeking shelter; and when they are not migrating to and from the southern latitudes. 

For each of these life requisites, ratings were applied for the growing season. Each map 

unit (or polygon) had a combination of the three possible ecosystem mapcodes that made up the 

habitat theme. Three themes were produced by the ecosystem-based resource mapping tool, 

depending on the selection. The theme could be selected that produced an average suitability 

rating of each possible mapcode, or the largest area covered by mapcodes, or the highest rating 

value of the possible mapcodes. 
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Breeding habitat was assessed using the Wildlife Ratings Methods and the Sandhill Crane 

was rated on a six-class scheme, where high (1), moderately high (2), moderate (3), low (4), very 

low (5) and nil (6) values were applied to the ecosystems during the months of April to October 

(Table 2). At large map scales (1:5,000–1:20,000), a six-class rating system is appropriate 

because specific habitat use can be identified by interpreting aerial images (RISC, 1999a). 

Table 2. Sandhill Crane Habitat Suitability Rating Scheme 

Percent of the Provincial Best Knowledge of Habitat Use 
 Rating Code 

100–75% High 1 

75–50% Moderately High 2 

50–25% Moderate 3 

25–5% Low 4 

5–1% Very Low 5 

0% Nil 6 

Notes: “Province Best” is the provincial benchmark habitat for a species against which all 
other habitats for that species are rated. 

Source(s): adapted from BC Ministry of Environment, Lands and Parks, 1999 
 

Suitability ratings are an expression of the value of habitat for the Sandhill Crane during 

the growing season for each life requisite compared to the best habitat in the province used for 

the same season and life requisite. This provincial benchmark habitat is located in the Cariboo 

region in southcentral British Columbia, in fen wetlands near Williams Lake (Cooper, pers. 

com., 2009). Suitability ratings do not represent actual crane numbers, but is a concept where the 

best habitats have the highest densities or the greatest amount of expected use (RISC, 1999a). 

The habitat suitability rating criteria used in this study is provided in Table 3. 
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Table 3. Sandhill Crane Habitat Suitability Rating Criteria 

Rating Criteria 

High Reproducing: non-forested bog wetlands less than 10 ha with small open 
water areas located in low relief and low elevations (200–300 masl). 

Forage: bog pools and small to medium size open water areas located in low 
relief and low elevations. 

Security: bog forests and shrub-dominated bog wetlands with complex 
vegetation structure. 

Living: mosaic of bog wetlands and bog forests in low relief and low 
elevations. 

Moderately 
High 

Reproducing: non-forested bog wetlands and poor-fens greater than 10 ha 
with small open water areas located in low relief and moderately-low 
elevations (300–350 masl). 

Forage: medium to large size open water areas and non-forested bog wetlands 
located in low relief and low elevation areas. 

Security: bog forests and shrub-dominated blanket bogs. 

Living: mosaic of blanket bogs in low relief and low elevations. 

Moderate Reproducing: bog pools, shallow non-forested shrub bogs located in moderate 
relief and moderate elevations (350–400 masl) and stunted pine bog 
forests. 

Forage: shallow non-forested bog wetlands with no open water located in low 
relief and low elevation areas. 

Security: stunted bog forests and shrub-dominated blanket bogs. 

Living: bog pools, poor fens, and stunted bog forests in low relief and low 
elevations. 

Low Reproducing: shallow non-forested shrub bogs located in moderate relief and 
moderately-high elevations (400–500 masl). 

Forage: shrubby blanket bogs and stunted bog forests with no open water 
located in low relief and low elevation areas. 

Security: non-forested bog wetlands and poor-fens. 

Living: large continuous mesic forests, bog forests, and swamp forests. 

Very Low Reproducing: large open water bodies, stunted mesic forests and bog forests. 

Forage: shallow blanket bogs and stunted bog forests located in moderate 
relief and moderate elevations (350–400 masl). 
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Rating Criteria 

Security: bog pools and large continuous forests. 

Living: large continuous mesic forests and gully forests. 

Nil Reproducing: large continuous forests and harvested forests. 

Forage: large continuous forests and harvested forests. 

Security: large open water areas and harvested forests. 

Living: harvested forests. 

 

3.8. Ecosystem-Based Management Approach 

EBM planning elements were used to approach the research problem. Ecological 

attributes of the study area were discussed at multiple scales and conservation planning 

objectives were applied for maintaining the ecological integrity of the bog wetlands. Portions of 

the Nahwitti Plateau were considered for social, cultural, and economic use; suggesting 

management options for potential development. 

Conservation areas were focused on as a means to maintain the structure of the wetland 

habitat for Sandhill Crane breeding success. Conservation areas are intended to sustain healthy 

ecosystems which not only maintain Sandhill Crane habitat features, but also provide social and 

economic benefits in the form of ecological services. Conservation areas can promote ecosystem 

resilience and conserve genetic diversity in the landscape (Vold & Buffett, 2008). Wildlife 

management areas connected with adjacent protected areas may achieve an even greater range of 

biodiversity management targets. Areas outside these reserves, that remain available for resource 

extraction or for general social and cultural benefits, should follow sustainable land use decisions 

that support healthy human communities.  

Wildlife habitat mapping methods were used to guide the ecosystem-based management 

recommendations for managing Sandhill Crane breeding habitat. If wind energy development 
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occurs in coastal bog wetlands, wildlife management areas may help to identify potential impacts 

to selected ecosystem indicators and to the overall resilience of biodiversity components at the 

sub-regional scale (CIT, 2004). By using baseline vegetation resource inventory mapping, 

ecosystem mapping methods and crane habitat suitability ratings, the bog wetland landscape was 

characterized at the ecosystem-level. Three candidate wildlife habitat areas were considered for 

biodiversity management. 

Wildlife habitat areas were selected based on the following criteria: 

 known nest occurrences; 

 adequate amounts of highly rated reproducing habitat; 

 natural variation of heterogeneous ecosystems; and 

 adjacent forage, security and living habitat suitable for breeding support. 

Conservation planning goals (EBM) and wetland stewardship principles (CIT, 2004; 

Bunnel, Kremsater & Houde, 2007; BC Ministry of Environment, 2009b) were discussed in 

order to identify and protect the natural range of ecosystem attributes and species in the 

landscape and to ensure the structure and function of connected habitat is maintained to sustain 

important ecological, cultural, and social values. 
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4. Results 

4.1. General Observations 

Sandhill Cranes were observed in all habitat types during the field surveys, but cranes 

were most often seen in blanket bog habitat during their optimal breeding periods. Two active 

nests were located during the field surveys, as well as several other areas that showed signs of 

potential nest sites or foraging activity. Crane tracks and feathers were commonly found near 

shallow open water habitat during the breeding periods in late spring and early summer, May to 

July. Many cranes were observed during the field sessions especially in the vicinity of the main 

observation station, near a small lake east of Tyllia Creek, referred to as Tyllia Pond. 

Forage, security, breeding, and general living habitat suitability were rated for the 

Sandhill Crane in the ecosystems across the bog wetland landscape. The most suitable breeding 

habitat was found to occur in the blanket bog ecosystems in the lower elevations and lower slope 

positions. 

Based on observations and general living habitat requirements, it was apparent that 

cranes need all four habitat types during the breeding times. Cranes require large undisturbed 

areas of blanket bog habitat for reproducing, mixed with poor fen habitat and open water areas 

for foraging, and heterogeneous forest structure for their security and shelter. 

4.2. Vegetation and Ecosystem Survey Results 

Based on the vegetation and ecosystem survey results, general descriptions of each 

ecosystem mapcode were produced. Table 4 provides a crosswalk guide to habitat types and 

ecosystem classification. This table and the textual descriptions in Section 4.1.1 depict the range 

of ecosystems that were used for mapping each habitat type and for spatially representing 

Sandhill Crane habitat. The ecosystem descriptions in Section 4.1.1 provide tabular vegetation 
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species information by common name and layer. Vegetation species vary considerably from one 

ecosystem concept to another and, therefore, can not alone encapsulate the embodiment of the 

ecosystem it is describing. The tabular vegetation lists are a snapshot of the most common plants 

that can grow on each ecosystem that were mapped. Species like sweet gale (Myrica gale) 

occurred across several wetland ecosystems, but were not present in the dry forests. Some 

species are more facultative, such as yellow pond lily (Nuphar lutea ssp. polysepala), yet can 

still occur at micro scales in tiny depressions of any ecosystem. Stunted pines and scrubby cedars 

covered the most of the open wetlands and also made up the mosaic forest communities. 

Organic and mineral soil depths drove the vegetation and ecosystem make-up. Forests 

tended to grow on mineral soil upland landscapes while various wetlands occurred more often on 

the organic soils. The surface topography was made up of a kaleidoscope of hummocks and 

hollows where well adapted vegetation found its niche position in the landscape. This seemingly 

random pattern of wetlands and forests were also affected by water levels and soil depths. 

Surface water and ground water levels controlled the availability of nutrients which, in turn, 

affected the vegetation communities that developed and reproduced. 

Table 4. Ecosystem Classification and Descriptions 
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HS 
Hemlock–
Salal 

01 CwHw–
Salal; 

02 PlYc–
Racomitriu
m; 

03 CwYc–
Salal; 

04 HwSs–

not a 
wetland 

gentle slopes; 
middle slope 
position; deep 
medium–
textured 
mineral soils. 

Mainly forested 
ecosystem but also 
occurs as stunted tall 
shrub. Western 
hemlock, western 
redcedar, mountain 
hemlock, yellow cedar, 
shore pine, salal, 
bunchberry, twinflower, 
fasle lily-of-the-valley, 

3, 
3b, 
4, 6, 
7 

submesic–
mesic 
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Lanky 
moss 

red huckleberry 

SD 

Spruce–
Devil's-
club 

07 CwSs–
Devil's 
club; 06 
CwSs–
Foamflowe
r; 05 
CwSs–
Swordfern 

not a 
wetland 

gentle slopes of 
lower, receiving 
sites; deep 
medium–
textured soils; 
seepage. 

Forested ecosystem 
with a diverse set of 
rich plant species in all 
vertical structure layers. 
Western redcedar, 
western hemlock, 
yellow cedar, western 
yew, salmonberry, false 
azalea, foamflower, and 
lilies in moisture 
receiving positions. 

3, 4, 
5, 6, 
7 

subhygric
–hygric 

LS 

Shore 
Pine–
Sphagnum 

12 PlYc–
Sphagnum
; 11 
CwYc–
Goldthread;  

Wb53: 
Shore 
pine–
Yellow 
cedar–
Tufted 
clubrush 

scrubby forest 
bog; organic 
wetland. 

Bog woodland 
consisting of shore 
pine, western redcedar, 
yellow cedar, western 
hemlock, and mountain 
hemlock; understory is 
well developed and 
with bog vegetation 
indicators. 

3b, 
6, 7 

hygric–
subhydric 

RC 

Redcedar–
Skunk 
cabbage 

13 CwSs–
Skunk 
cabbage 

Ws54: 
Western 
redcedar–
Western 
hemlock–
Skunk 
cabbage 
swamp 

swamp forest, 
poorly drained, 
deep, medium 
textured 
mineral soil; 
occur on gentle 
slopes that 
receive and 
drain water 
from bogs and 
poor fens. 

Forested swamps in 
lower slope positions 
dominated by skunk 
cabbage, deer cabbage, 
and hellebore; organic 
soils exist frequently.  

3b, 
6, 7 

hygric–
subhydric 

PS 
Pine–
Sedge 

CWHvh1/3
1 Non-
forested 
topogenous 
bog 

Wb51: 
Shore 
pine–Black 
crowberry–
Tough 
peat-moss 
raised bog 

stunted bog 
with deep 
organics 
derived of peat 
mosses. 

Stunted shore pine and 
cedar scrub; crowberry, 
Labrador tea, bog 
laurel, tufted clubrush, 
Sitka sedge, shore 
sedge, Sphagnum spp., 
Cladina spp. 

3a, 
3b 

hygric–
subhydric 

GC3 

Gale–
Cottongra
ss 

CWHvh1/3
1–
CWHvh1/3
2 Sweet 

Wb51–
Wb52: 
transitional 
blanket 

blanket bog on 
organic soils in 
level to sloping 
site position; 

Hummocks of stunted 
pine and cedars 
dominated by sweet 
gale and tufted clubrush 

2b, 
3a 

hygric–
subhydric 
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gale–
Narrow-
leaved 
cottongrass
–Sphagnum 
blanket bog 

bog 
represented 
by Sweet 
gale–
Tufted 
clubrush–
Narrow-
leaved 
cottongrass
–
Sphagnum 

some areas with 
degrading peat, 
forming 
shallow 
depressions; 
Senecio 
moresbiensis 
and Ligusticum 
calderi occur. 

and Sphagnum spp. 
transitional to lawns of 
cotton grass, clubrush 
and Carex spp. with 
diverse liverwort 
groups like Herbertus 
aduncus and Pleurozia 
purpurea.  

JC3 
Juniper–
Clubrush 

CWHvh1/3
2 Non-
forested 
slope/blank
et bog 

Wb52: 
Common 
juniper–
Tufted 
clubrush–
Hoary 
rock-moss 
degraded 
blanket 
bog 

blanket bog on 
variable organic 
soil; some sites 
with shallow 
mineral soils 
and rocks at 
surface; 
characterized 
by Juniper and 
light-coloured 
ground lichens.  

Juniper-Clubrush-rock-
moss hummocks with 
shore pine, yellow-
cedar, sweet gale, 
alpine azalea and 
reindeer lichens; 
Degraded peat, very 
low Sphagnum; Mosses 
and liverworts common 
like Campylopus 
atrovirens, Siphula 
ceratites and liverworts 
in water hollows. 3a 

hygric–
subhydric 

BS3 
Burnet–
Sedge 

CWHvh1 / 
33 Non-
forested 
fen/marsh 

Wf50: 
Narrow-
leaved 
cottongrass
–Peat-moss 
poor fen 

poor fen on 
gentle sloping 
organic 
material; 
surface water 
often present; 
fluvial 
channels; 
Ligusticum 
calderi is 
commonly 
distributed 
along fluvial 
levees 

Open fluvial channels 
dominated by a variety 
of sedges. Bog pools 
present with buckbean 
and pond-lily. Shrubby 
fluvial channels with a 
mix of stunted 
evergreens, forbs, and 
Sitka sedge. 

2b, 
3a 

subhydric
–hydric 

BP 
Buckbean
–Pond-lily 

CWHvh1/0
0 
Buckbean–
Yellow 
pond-lily 

Wa52: 
Buckbean–
Yellow 
Pond-lily 
(candidate 
open water 
unit)  

aquatic wetland 
with shallow 
open water 
areas that may 
evaporate in 
summer 
months; GC or 
JC vegetation 

Buckbean and yellow 
pond-lily present; high 
value foraging habitat 
for Sandhill Crane ; 
emergent vegetation 
such as sedges and 
rushes; sundews and 
butterworts; Juncus 

2c hydric 



Sandhill Crane Nesting Habitat 52 

 

E
co

sy
st

em
 

M
ap

 C
od

e 

E
co

sy
st

em
 

N
am

e 

S
it

e 
S

er
ie

s 
R

ep
re

se
n

ti
n

g 

2 W
et

la
nd

s 
of

 
B

ri
ti

sh
 

C
ol

u
m

b
ia

 

T
yp

ic
al

 S
it

e 
C

on
d

it
io

n 

C
om

m
on

 
V

eg
et

at
io

n 

M
ap

p
ed

 
S

tr
u

ct
u

ra
l S

ta
ge

s 

T
yp

ic
al

 S
oi

l 
M

oi
st

u
re

 R
eg

im
e 

hummocks are 
commonly 
distributed in 
these open 
water locations. 

stygius is sometimes 
present at the edge of 
shallow water. 

OW 
Open 
Water 

Shallow 
Open 
Water   

wetland 
composed of 
permanent 
shallow open 
water and 
lacking 
extensive 
emergent plant 
cover. The 
water is less 
than 2 m deep. 

Yellow pond-lily and 
other aquatic and 
emergent vegetation at 
fringes. not applicable 

CF 
Cultivated 
Field     

one polygon 
(2ha); appears 
to be cultivated 
vegetation. 

unknown; possibly 
young cedar. 3a   

 
1 Banner et al., 1993; Green and Klinka, 1994 
2 Mackenzie and Moran, 2004 
3 adapted from Shushartie TEM 

 

4.2.1. Ecosystem Descriptions 

Ten ecosystem units were classified that were distinguished in the mapping database by 

their individual map code. The following ecosystems were interpreted from the aerial 

photographs of the wetland landscape and verified with field inspections. Table 5 provides a 

summary of the habitat types, associated ecosystem units and map codes used for the ecosystem 

mapping and Table 6 lists the dominant vegetation for each ecosystem used for Sandhill Crane 

suitability interpretations. Appendix C lists the observed vegetation species by common and 

taxonomic names.  
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Table 5. Habitat Types, Associated Ecosystem Units, and Map Codes 

Habitat Types Ecosystem Units Map Codes 

Open water 
habitat 

Open water (sedge-dominated, shootingstar) (OW) OW 

Bog pool (yellow pond-lily/buckbean-dominated, sundew) 
(BP) 

BP 

Poor fen habitat Burnet–Sedge (BS) BS 

Blanket bog 
habitat 

Gale–Cottongrass blanket bog (GC) GC 

Juniper–Clubrush slope bog JC 

Pine–Sedge raised bog PS 

Forested habitat Shore pine–Sphagnum bog forest LS 

Hemlock–Salal nutrient-medium to nutrient-poor forest HS 

Redcedar–Skunk cabbage swamp forest RC 

Spruce–Devil`s club gully forest SD 

 

Table 6. Dominant Vegetation by Ecosystem Unit 

Open Water (OW) Dominant Vegetation 

Herb Layer (1–10%) 

yellow pond-lily 

Bog Pool (BP) Dominant Vegetation 

Herb Layer (5–30%) 

yellow pond-lily 

buckbean 

Sitka sedge 

pondweeds 

bladderwort 

northern bur-reed 

spreading rush 

spike-rush 
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swaying bulrush 

bog rush 

Burnet–Sedge (BS) Dominant Vegetation 

Shrub Layer (10–20%) 

sweet gale 

bog blueberry 

western redcedar 

 

Herb Layer (60–80%) 

great burnet 

tufted clubrush 

white beak-rush 

narrow-leaved cottongrass 

spreading rush 

Coville’s rush 

Merten’s rush 

bog rush 

pale sedge 

sitka sedge 

water sedge 

tufted hairgrass 

Alaska bentgrass 

creeping spike-rush 

Kamchatka spike-rush 

deer cabbage 

buckbean 

northern bur-reed 

Jeffrey’s shootingstar 

round-leaved sundew 

great sundew 

common butterwort 

Queen Charlotte butterweed 

Moss and Lichen Layer (20–60%) 

small red peat moss 

brown-stemmed bog moss 

fat bog moss 

hoary rock moss 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

maritime reindeer lichen 

grey reindeer lichen 
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Sticky false asphodel 

Alaska plantain 

yellow pond-lily 

Gale–Cottongrass (GC) Dominant Vegetation 

Shrub Layer (10–30%) 

sweet gale 

western redcedar 

shore pine 

yellow cedar 

western hemlock 

mountain hemlock 

western bog laurel 

bog rosemary 

Labrador tea 

bog blueberry 

crowberry 

 

Herb Layer (40–70%) 

great burnet 

tufted clubrush 

deer cabbage 

narrow-leaved cottongrass 

spreading rush 

Coville’s rush 

Merten’s rush 

bog rush 

pale sedge 

Sitka sedge 

water sedge 

tufted hairgrass 

Alaska bentgrass 

creeping spike-rush 

Moss and Lichen Layer (30–60%) 

tough peat-moss 

small red peat moss 

brown-stemmed bog moss 

fat bog moss 

hoary rock-moss 

bog haircap moss 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

maritime reindeer lichen 

grey reindeer lichen 

glow moss 



Sandhill Crane Nesting Habitat 56 

 

Kamchatka spike-rush 

buckbean 

Jeffrey’s shootingstar 

round-leaved sundew 

great sundew 

common butterwort 

Queen Charlotte butterweed 

Sticky false asphodel 

Alaska plantain 

arctic starflower 

apargidium 

three-leaved goldthread 

broadpetal gentian 

Juniper–Clubrush (JC) Dominant Vegetation 

Shrub Layer (10–20%) 

sweet gale 

western redcedar 

shore pine 

yellow cedar 

western hemlock 

mountain hemlock 

western bog laurel 

bog rosemary 

alpine-azalea 

crowberry 

 

Herb Layer (20–50%) 

great burnet 

tufted clubrush 

deer cabbage 

narrow-leaved cottongrass 

spreading rush 

Moss and Lichen Layer (30–60%) 

hoary rock-moss 

black fish-hook moss 

whitefingers lichen 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

maritime reindeer lichen 

grey reindeer lichen 

maritime bighorn lichen 

tough peat-moss 

small red peat moss 

brown-stemmed bog moss 

fat bog moss 
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Coville’s rush 

Merten’s rush 

bog rush 

pale sedge 

sitka sedge 

water sedge 

tufted hairgrass 

Alaska bentgrass 

round-leaved sundew 

great sundew 

common butterwort 

Queen Charlotte butterweed 

Sticky false asphodel 

arctic starflower 

apargidium 

Pine–Sedge (PS) Dominant Vegetation 

Shrub Layer (10–40%) 

shore pine 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

sweet gale 

western bog laurel 

bog rosemary 

Labrador tea 

crowberry 

 

Herb Layer (30–60%) 

great burnet 

tufted clubrush 

deer cabbage 

Moss and Lichen Layer (30–70%) 

tough peat moss 

small red peat moss 

maritime reindeer lichen 

grey reindeer lichen 

brown-stemmed bog moss 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

glow moss 
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narrow-leaved cottongrass 

spreading rush 

Coville’s rush 

Merten’s rush 

bog rush 

pale sedge 

sitka sedge 

bog cranberry 

arctic starflower 

broadpetal gentian 

Shore pine–Sphagnum (LS) Dominant Vegetation 

Tree Layer (5–20%) 

shore pine 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

 

Shrub Layer (10–20%) 

shore pine 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

sweet gale 

western bog laurel 

bog rosemary 

crowberry 

Labrador tea 

Herb Layer (20–40%) 

bunchberry 

false-lily-of-the-valley 

Indian hellebore 

great burnet 

tufted clubrush 

deer cabbage 

Sitka sedge 

 

Moss and Lichen Layer (20–40%) 

small red peat moss 

tough peat moss 

maritime reindeer lichen 

grey reindeer lichen 

brown-stemmed bog moss 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

Hemlock–Salal (HS)Dominant Vegetation 

Tree Layer (10–40%) 

shore pine 

Herb Layer (10–40%) 

deer fern 
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western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

 

Shrub Layer (10–20%) 

shore pine 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

red huckleberry 

salal 

oval-leaved blueberry 

Alaskan blueberry 

false azalea 

bunchberry 

false-lily-of-the-valley 

twinflower 

fairslipper 

 

Moss and Lichen Layer (10–50%) 

lanky moss 

step moss 

common green peat-moss 

small red peat-moss 

maritime reindeer lichen 

common scissor-leaf liverwort 

purple-worm liverwort 

Western redcedar–Skunk cabbage (RC) Dominant Vegetation 

Tree Layer (20–50%) 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

shore pine 

sweet gale 

western bog laurel 

bog rosemary 

Labrador tea 

 

Shrub Layer (10–20%) 

western redcedar 

yellow cedar 

western hemlock 

Moss and Lichen Layer (20–40%) 

lanky moss 

step moss 

common green peat-moss 

tough peat moss 

small red peat moss 

maritime reindeer lichen 

grey reindeer lichen 

common scissor-leaf liverwort 

purple-worm liverwort 
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mountain hemlock 

red huckleberry 

oval-leaved blueberry 

Alaskan blueberry 

false azalea 

salmonberry 

salal 

 

Herb Layer (20–60%) 

skunk cabbage 

bunchberry 

false-lily-of-the-valley 

great burnet 

deer cabbage 

Indian hellebore 

tufted clubrush 

narrow-leaved cottongrass 

sitka sedge 

water sedge 

tufted hairgrass 

Alaska bentgrass 

buckbean 

Jeffrey’s shootingstar 

Sitka Spruce–Devil’s club (SD) Dominant Vegetation 

Tree Layer (10–50%) 

shore pine 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

sweet gale 

western bog laurel 

Moss and Lichen Layer (20–60%) 

lanky moss 

step moss 

palm tree moss 

common green peat-moss 

tough peat moss 

small red peat moss 

maritime reindeer lichen 
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bog rosemary 

Labrador tea 

 

Shrub Layer (20–60%) 

western redcedar 

yellow cedar 

western hemlock 

mountain hemlock 

red huckleberry 

oval-leaved blueberry 

Alaskan blueberry 

false azalea 

salmonberry 

salal 

 

Herb Layer (30–50%) 

great burnet 

tufted clubrush 

deer cabbage 

Indian hellebore 

bunchberry 

false-lily-of-the-valley 

sitka sedge 

grey reindeer lichen 

brown-stemmed bog moss 

common scissor-leaf liverwort 

purple-worm liverwort 

three-toothed whip liverwort 

 

 

4.2.1.1. Open Water Habitat 

The open water habitat type included open water (OW) and bog pools (BP) with the 

vegetation structure ranging from none to sparse aquatic vegetation. Yellow pond-lily dominated 

the presence of vegetation while other emergent and floating herbs were present in varying 

amounts. The edge of these ecosystems contained the greatest diversity in open water habitat 

types. Transitions were more often gradual and fluctuated considerably from winter months to 
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summer months. Mucky shorelines produced a variety of sedges, rushes, and aquatic vegetation, 

like bladderworts (Utricularia sp.) and bur-reeds (Sparganium sp.). 

Large continuous open water areas were mapped with the “OW” (open water) map code 

while groups of smaller aquatic ecosystems were represented by the ‘BP’ (bog pool) map code. 

For open water habitat to be mapped at 1:10,000 scale, the size of the ecosystem needed to be 

0.5 ha or greater or make up at least 10 percent of the polygon area. Consequently, many open 

water features were not definable at this scale and were included within other ecosystem types, 

such as Gale–Cottongrass (GC) or Juniper–Clubrush (JC) ecosystems. 

4.2.1.2. Nutrient-Poor Fen Habitat 

Poor fens generally develop where surface water and ground water move slowly across 

the land. These fens were considered nutrient-poor because of the acid nature of the surface and 

ground water. The typical profile of these fens was sedge-dominated with sparse low shrub and 

lawns of narrow-leaved cottongrass (Eriophorum angustifolium) and tufted clubrush 

(Trichophorum cespitosum). Drainage channels have formed over time from the build-up of peat 

dykes and these channels contained a diverse set of plants ranging from aquatic species like 

buckbean (Menyanthes trifoliata) to rich indicators such as skunk cabbage (Lysichiton 

americanum). Showy flowers like Jeffrey’s shootingstar (Dodecatheon jeffreyii) and Calder’s 

lovage (Ligusticum calderi), were common along the main drainages areas of the poor fen 

habitats. These micro channels were not definable at the 1:10,000 mapping scale, yet they could 

be identified at 1:1,000 scale.  

While poor fens were the most vertically level of the habitat types following open water 

sites, islands of blanket bog ecosystems were often present, arising from peat mounds or shallow 

mineral soil hummocks. Stunted pine forests also dotted the landscape surrounded by flowing 
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poor fens and blanket bogs. Poor fens had a combination of true mosses, peat-mosses and 

liverworts forming the spaces between sedge species in extensive carpets or small clumps. 

4.2.1.3. Blanket Bog/Slope Bog Habitat 

Blanket bogs were typically peat-moss dominated with an abundance of sweet gale, 

tufted clubrush, and narrow-leaved cottongrass. Dry hummocks of common juniper (Juniper 

communis) and hoary rock-moss (Racomitrium lanuginosum) were interspersed with carpets of 

sedges and peat-moss (Sphagnum spp.). Some blankets bogs that were ‘over mature’ no longer 

accumulated Sphagnum peat-mosses, but were instead covered with a variety of true mosses, 

liverworts and ground lichens. Some of these blanket bogs have developed on shallow organic 

soils that overlay mineral soils left over from glaciation events. 

Feathers and footprints were observed in the bog ecosystems. Forage and security 

features at these sites were often used by the cranes in combination with the open bog landscape 

to remain discrete during nesting. Most of the sightings and auditory observations came from 

blanket bog habitats with nearby water features. 

4.2.1.4. Forested Habitat 

The structural stage of the forested vegetation communities could be best described as old 

forests, almost always greater than 140 years-old, and more often greater than 250 years. Tree 

heights in forested areas ranged from 10 to 25 m, rarely exceeding 30 m. An assortment of tree 

species were found in these forested ecosystems generally made up of shore pine on nutrient-

poor sites and western redcedar on nutrient-rich sites. Western hemlock, mountain hemlock, and 

yellow cedar were also very common across all forested ecosystems. In many cases the forests 

were stunted and contorted, especially on nutrient-poor soils. Near drainages and moisture 

receiving sites; however, western redcedar and hemlock trees reached heights of 35 m. Annual 



Sandhill Crane Nesting Habitat 64 

 

growth rings were counted on shore pine and yellow cedar trees that had been fallen for road 

construction that easily reached over 400 years (for a tree approximately 50 cm in diameter). 

The forests were at various levels of decay and regrowth with a structurally diverse 

network of young and old trees. Gaps have been created and were generally open on the nutrient 

poor sites and more dense in richer areas. Living and dead wildlife trees were abundant and 

provided ample nest site locations for cavity nesting species, like Northern Flicker (Colaptes 

auratus) and stick nest builders, such as Hermit Thrush (Catharus guttatus). Suitable nest 

branches for Marbled Murrelet (Brachyramphus marmoratus) nests occurred throughout the 

lower creek drainages of the Nahwitti and Stranby Rivers.  

4.3. Ecosystem Mapping 

The wetland complex encompasses 11,306 ha consisting of approximately 0.2 percent 

open water wetlands, 4 percent poor fen wetlands, 51 percent non-forested blanket bog wetlands, 

and 45 percent forested habitats. Table 7 summarizes the results of the ecosystem mapping and 

Appendix D displays the Sandhill Crane suitability ratings for each ecosystem in the project area. 

Forested habitats cover about 5,000 ha, dominated by old forest ecosystems (4,196 ha) 

and smaller portions of stunted forests (864 ha) and harvested forests (42 ha). Recent road 

building and old forest harvesting has resulted in minor total area changes: this includes 

harvested forests which likely make up another 40 ha since the air photos were flown in 1996. 

At-risk forested ecosystems, mapcodes RC and SD, occupy about 5.6 percent (640 ha) and 2 

percent (240 ha), respectively. Redcedar–Skunk cabbage (RC) ecological communities are 

considered “of special concern” in this portion of the province, where as the Sitka spruce–

Devil’s club unit (SD) is red-listed, or endangered. 
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Table 7. Ecosystem Area Summary and Sandhill Crane Ratings by Habitat 

Habitat 
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open 
water 0.2 

open water 0.11 aquatic OW     12.9 0.11 

bog pool 0.11 aquatic BP     12.5 0.11 

poor fen 4.1 

poor fen 

4.10 

non-forested sedge BS     237.5 2.10 

poor fen 
non-forested sedge-low 
shrub BS     230.6 2.04 

non-
forested 
bog 54.5 

blanket bog 

27.40 

non-forested sedge-peat 
moss GC     137.4 1.22 

blanket bog 
non-forested sedge-low 
shrub GC     1,348.4 11.93 

blanket bog 
(degraded peat) 

non-forested sedge-low 
shrub JC     1606 14.21 

slope bog shallow, 
rocky 13.00 

non-forested sedge-low 
shrub JC s   1,474.5 13.04 

raised bog, low 
shrub 

10.30 

non-forested shrub PS     416.7 3.69 

raised bog, tall 
shrub non-forested shrub PS     184.3 1.63 

raised bog, shallow, 
rocky non-forested shrub PS s   510.9 4.52 

raised bog, shallow, 
rocky non-forested shrub PS s   32.9 0.29 

forested 45.2 mesic forest 13.90 

harvested HS     2.3 0.02 

harvested HS     21.8 0.19 

forested HS     341.9 3.02 

forested HS h   845.8 7.48 

stunted forest HS h s 1.6 0.01 

forested HS h s 23.9 0.21 
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harvested HS k   1.6 0.01 

forested HS k   0.6 0.01 

forested HS k   126.2 1.12 

forested HS k s 5.6 0.05 

stunted forest HS s   1.1 0.01 

forested HS s   9.1 0.08 

stunted forest HS s w 0.6 0.01 

forested HS s w 7.7 0.07 

harvested HS w   6.1 0.05 

forested HS w   157.4 1.39 

bog forest 23.50 

stunted forest LS     815.2 7.21 

forested LS     4.8 0.04 

forested LS     1,835.9 16.24 

stunted forest LS s   2.5 0.02 

swamp forest 5.70 

stunted forest RC p   20.8 0.18 

forested RC p   470.8 4.16 

forested RC g   19.75 0.17 

stunted forest RC g p 21.7 0.19 

forested RC g p 110.7 0.98 

gully forest 2.15 

harvested SD k   0.28 0.00 

forested SD k   0.26 0.00 

forested SD k   29.2 0.26 

harvested SD g   2.1 0.02 
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harvested SD g   5.5 0.05 

harvested SD g   1 0.01 

forested SD g   202.7 1.79 

forested SD g k 2.7 0.02 

forested SD w   0.55 0.00 

    harvested CF     1.1 0.01 

Total Area 11305.44   

 

Blanket bogs covered the majority of the landscape, consisting of typical bog ecosystems 

(3,693 ha) and shallow blanket bog ecosystems (2,018 ha). Poor fens made up a relatively small 

part of the study area (468 ha). Poor fen habitats were similar to blanket bog ecosystems except 

the vegetation cover is herb-dominated and groundwater moves more horizontally rather than 

purely vertical for bogs. 

Open water areas were very dynamic which made them more difficult to delineate at 

1:10,000 scale, reflected in the area mapped (25 ha). Only those ecosystems that made up 10 

percent or more of the polygon were included in the mapping; therefore, much of the remaining 

open water habitat was closely tied to poor fen and blanket bog habitats. 

Polygons averaged 10 ha in size and ranged from 1 to 30 ha. Figure 6 provides an 

example of the ecosystem polygons depicting the horizontal vegetation structure and the four 

habitat types on a background aerial image. This portion of the mapped area illustrates the 

habitat around Tyllia Lake where the main observation station was located, as well as the first 

nest discovered on May 1, 2004. 
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Figure 6. Ecosystem Polygons with Aerial Image Depicting Habitat Types 
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4.4. CWHvh1 Ecosystem Edatopic Grid 

An edatopic grid was constructed for the Coastal Western Hemlock maritime subzone 

based on soil moisture and soil nutrient regimes from the relevant Land Management Handbooks 

No. 26, 28, and 52 (Banner et al., 1993; Green & Klinka, 1994; Mackenzie & Moran, 2004). 

Figure 7 illustrates the relative moisture and nutrient regimes for each ecosystem by map code. It 

also shows the relationship of water movement and approximate acidity of each ecosystem. The 

edatopic grid is a conceptual diagram that helps to place each ecosystem into its relative position 

in the landscape, yet it must be understood that the boundaries of each ecosystem (map code) are 

not hard. Transitions from ecosystem to ecosystem were gradual in some cases and more distinct 

in others. The distinctions were seen at various scales. For instance, at 1:10,000 scale mapping, 

the division between forested habitat and wetland communities was easier to delineate than if 

you were standing on the ground. At the surface of the landscape, a gradient of stunted and tree-

size conifers often occurred in these habitat transitions. Similarly, the differences between 

blanket bogs and poor fens were difficult to separate on the ground; however, in some instances, 

large continuous blanket bog ecosystems were observed. 
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Adapted from MacKenzie and Moran, 2004 
*  included with HS map unit 
**  included with LS map unit 

Figure 7. Ecosystem Edatopic Grid for the Nahwitti Plateau 

 

4.5. Vegetation Structure 

Most of the study area was non-forested, yet forested communities developed on upland 

sections and in the drainage channels. Vegetation structure in the wetland was mainly influenced 

by the slope position of the landscape, which generally sloped to the northeasts toward the 

Nahwitti River, and the build-up of peat. These factors reflect the horizontal structure of the 

research area. 
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The surface topography was sloping in most areas ranging from gentle straight grades to 

hummocky and rocky slopes that regularly reached grades of 20–30 percent. Large expanses of 

gentle and level organic blankets areas were present in the north and east portions of the study 

area with the greatest slopes and hills occurring in the south and west sections. Drainage gullies 

cut across the peat plateau breaking up the sedge and peat dominated areas with rich forests, 

aggregating into creeks such as Tyllia and Bragg Creeks. These drainages directed the majority 

of the surface water northeast into Nahwitti River. 

The vegetation was dominated by a variety of non-forested sedge–low shrub ecosystems 

with about half of the area sheltered by patchy forest groups and linear forest corridors. Non-

forested ecosystems also contained an abundance of bryophytes and ground lichens. Aerial 

images show areas of light contrast that indicate ground lichen abundance, made up of species of 

Cladina, Siphula and Cladonia. Peat mosses (Sphagnum spp.) ranged from deep red colours and 

orange-brown species, making up the peat hummocks to light green groups in hollows. 

Drainages and gullies contained rich and tall forests, whereas the typical forest in this 

biogeoclimatic subzone was somewhat lacking in nutrients and occurred as stunted forests less 

than 10 m tall. Hemlock–salal forests are gernally the zonal or matrix forest ecosystem in the 

subzone, but only occupied about 13 percent of the bog wetland study area. Bog forests were 

more common covering more than 16 percent, while stunted bog forests surrounding non-

forested bogs and poor fens covered an additional 7 percent. 

Surface water collected in depressional areas across the landscape, but varied in depth 

and cover depending on the time of year. Small bog pools formed in peat degradation sites and 

large to small lakes and ponds formed in large depressions during the winter months. In the 

height of summer, some small lakes and ponds dried completely, yet the water table remained 
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high during the whole year. Open water areas became vegetated during the spring and summer 

and then deteriorated in the fall seasons. 

As with most vegetated landscapes, the differences between ecosystems, generally, are 

often not clearly defined and can grade in and out of several ecosystems over a short distance. 

This was definitely the case for the bog wetland landscape on northern Vancouver Island. At the 

site level, a mosaic of ecosystems developed at small spatial scales. The ecosystem types and 

vegetation composition were interdependent with soil types, soil depth, water availability and 

changes in surface topography. For instance, it was very common for blanket bogs to have 

components of three different ecosystem types, such as a sphagnum-dominated blanket bog, a 

sedge-dominated slope bog and a stunted bog forest. This complexity has lead to ecosystem 

concepts, rather than distinct vegetation communities. In some cases, the differences in 

vegetation were very clear; however in most cases, vegetation changes were subtle. Microsites 

developed on hummocks and in depressions and could change from one “ecosystem” to another 

over a meter or less. 

4.5.1. Rare Vegetation 

Rare vegetation communities were found on a range of ecosystems from the edge of open 

water areas into sedge fen lawns and bog forests. It was also apparent that shrubby blanket bogs 

and bog forests provided necessary shelter, rearing and forage habitat for the Sandhill Crane and 

acted as shade that possibly regulated surface water temperatures. No single vegetation type or 

ecosystem therefore appeared to be more important than another in terms of sustaining overall 

biodiversity values (i.e., crane breeding habitat or rare vegetation). 

Two at-risk ecological communities were observed during the field surveys. Two of these 

communities of conservation concern were mapped, representing swamp forests and gully forest 
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ecosystems, Redcedar–Skunk cabbage (mapcode: RC) and Sitka Spruce–Devil’s club (mapcode 

SD), respectively as mentioned earlier. These two forested ecosystems occurred in association 

with moisture-receiving, rich drainage areas. 

Two at-risk vascular plants were also observed throughout the bog wetland, namely bog 

rush (Juncus stygius) and Queen Charlotte butterwort (Senecio moresbiensis). Calder’s lovage 

(Ligusticum calderi), a formerly at-risk plant in the carrot family, is also locally common in the 

bogs, but quite rare in other habitats, elsewhere on Vancouver Island. A more detailed survey of 

rare vascular and non-vascular vegetation would likely result in more uncommon lichens, mosses 

and plants being located. 

4.6. Sandhill Crane Inventory Results and Observations 

During the field observations, over thirty crane sightings were recorded, as well as many 

tracks and sign, most often found in non-forested, poor-fen, and blanket bog ecosystems. It was 

unclear whether visual crane sightings were from breeding pairs or merely from migratory 

visitors; however visual and auditory observations were more common in the mornings (before 

10 am) or in the evening (after 5 pm). Some auditory crane calls were clearly in response to other 

crane calls, indicating breeding activity; moreover, low-flying visual observations near Tyllia 

Pond in the morning indicated travel for forage activities. 

Of the 246 inspection plots, 22 crane habitat use observations were recorded. This 

evidence of use was confirmed with visual clues such as feathers, tracks, nests, or actual 

sightings. Crane locations were difficult to approximate from crane calls; therefore, they were 

only included when location confidence was high, such as when cranes were calling within 

200 m of the observer. 
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Nearly 82 percent of the time (18 out of 22 observations) evidence of use was verified in 

non-forested blanket bogs at the edge of stunted forests and near open water habitats.   

Two Sandhill Crane nests were located approximately two kilometers apart. Figures 8a 

and b provide photos of the two nest sites. Nest site #1 was active in May 2004 and again in May 

2007. Nest site #2 was active in 2006 and 2007. The two nest sites were observed in blanket bog 

habitat with small open water areas (mapcodes GC and JC) and adjacent to stunted bog forests 

(LS and HS) as follows: 

 Nest site #1 (09U E572468 N5629276); and 

 Nest site #2 (09U E570474 N5628619). 

Three additional nest locations have also been identified from the north island region. 

Those nests are also located in non-forested, blanket bog habitat near open water areas and 

stunted bog forests (BC Conservation Data Centre, 2009). 

4.6.1. Sandhill Crane Habitat Suitability Mapping 

The ecosystem-based resource mapping tool (BC Ministry of Environment, 2006a) 

assisted with the production of Sandhill Crane suitability theme maps based on the following life 

requisite ratings: 

 Sandhill Crane: Reproducing, Growing season (SACR_REG); 

 Sandhill Crane: Living, Growing season (SACR_LIG); 

 Sandhill Crane: Security/Thermal, Growing season (SACR_STG); and  

 Sandhill Crane: Forage, Growing season (SACR_FDG). 
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a) Nest site #1. Photo taken looking south on May 8, 2007. One egg was observed with no adults, the 

next day, the egg was gone, likely eaten by a raven. 
 

 
b) Nest site #2. Photo taken looking south on June 16, 2007. Nest is positioned under western 

redcedar shrub in centre of photo, Trudy Chatwin, BC Ministry of Environment Biologist, to 
the left of center. 

Figure 8. Field photos of the Vegetation Structure at the Two Nest Sites 
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Figures 9 and 10 illustrate the average suitability rating for reproducing Sandhill Cranes 

during the growing season (SACR_REG) and the average suitability rating for Sandhill Cranes 

living during the growing season (SACR_LIG). The two spatial mapping results showed a high 

percentage of highly rated and moderately-high rated habitat distributed on subdued terrain in the 

upper elevations and in the lower elevations between the main drainages. Ratings on moderately 

sloping ground were slightly less suitable as were ratings for ecosystems on shallow soils. Two 

patterns of habitat emerged from the mapping: 

 Highly suitable habitat in the lower elevations was interspersed with sinuous forested 

habitats. Small open water areas and lakes were present in lower elevations; and 

 Highly suitable habitat in the upper elevations covered large continuous areas of 

blanket bog with few forest patches. Open water areas were less common at higher 

elevations. 
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Figure 9. Sandhill Crane Habitat Suitability Map—“Living” Requisite in the Growing Season 
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Figure 10. Sandhill Crane Habitat Suitability Map—“Reproducing” Requisite in the Growing 
Season 
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Habitat suitability was also rated for security and thermal life requisites during the 

growing season (SACR_STG) and for forage suitability ratings (SACR_FDG). Table 8 

summarizes the average suitability ratings for each life requisite, in hectares and percentage, for 

the entire study area. 

Table 8. Sandhill Crane Habitat Suitability Rating Results: area summary by average rating 
values and percentage of total area 

 Reproducing 
(average value) 

Living 
(average value) 

Foraging 
(highest value) 

Security/Thermal 
(largest value) 

1 – High 2,024 ha (18%) 0 77 ha (0.7%) 0 

2 – Moderately 
High 

2,328 ha (21%) 3,189 ha (28%) 6,050 ha (54%) 2,195 ha (19.5%) 

3 – Moderate 3,725 ha (33%) 5,437 ha (48%) 724 ha (6.3%) 6,532 ha (58%) 

4 – Low 2,635 ha (23%) 2,564.6 ha (23%) 4,340 ha (38%) 1,998 ha (17.4%) 

5 – Very Low 319 ha (2.6%) 71.5 ha (0.7%) 71.5 ha (0.7%) 516 ha (4.5%) 

6 – Nil 270 ha (2.4%) 34.6 ha (0.3%) 34.5 ha (0.3%) 65 ha (0.6%) 

 

The highest rated habitat covered about 18 percent of the study area. Breeding habitat 

was identified by the availability of an ecosystem to house suitable Sandhill Crane nests for 

reproducing. A further 21 percent of the study area contained moderately high rated breeding 

habitat. Ecosystems in these areas exhibited a combination of open water wetlands, non-forested 

blanket bogs and stunted forests that, together, provided the necessary features for successful 

Sandhill Crane breeding. 

Crane reproducing ratings could be reduced by one rating level for polygons over 

approximately 400 m due to the shallow soils and exposed nature of the ecosystems at these 

elevations; however, there was no evidence to indicate this was true. In fact, observations in 

these upper elevations during the helicopter survey revealed crane presence. None of the 
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observations indicated breeding activity, yet these upper elevational areas may prove to be 

important sites for large flocks of staging cranes to rest and forage during migratory travel from 

Alaska to northwestern United States. 

Based on field observations and historical information, it was apparent that Sandhill 

Cranes preferred to nest in small open water areas within bog ecosystems on vegetation mounds 

(presumably to hinder predator access to nest sites) surrounded by a complex bog forest cover. 
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5. Discussion 

The Identified Wildlife Management Strategy (IWMS) is a management initiative 

designed to minimize the effects of forest and range practices on Identified Wildlife situated on 

Crown land in British Columbia and to maintain their limiting habitats throughout their current 

ranges. The Sandhill Crane has been listed as a “species at risk” since June 2006 and is still in 

effect as of January 2010. 

The main instrument of the IWMS is to establish Wildlife Habitat Areas to manage 

wildlife such as the Sandhill Crane (BC Ministry of Water, Land and Air Protection, 2004a). It is 

recommended, therefore, that, based on the results of this study, available areas of Sandhill 

Crane breeding habitat be set aside for sustaining breeding populations as a measure to protect 

the biodiversity elements and ecosystem services in the region. This ecosystem-based 

management approach is aimed at balancing human needs with the need to maintain the overall 

environmental resilience of the wetland complex for future generations. Based on the results of 

this research, the study area on northern Vancouver Island contains two known active nest sites. 

A network of blanket bog ecosystems and forested habitats that surround these nests are 

suggested for a core wildlife habitat area. This area includes about 550 ha of coastal western 

hemlock hypermaritime ecosystems around Tyllia and Bragg Creeks. 

5.1. Wildlife Habitat Area 

Three candidate Wildlife Habitat Areas (WHAs) are selected as options for conserving 

Sandhill Crane breeding habitat. Figure 11 shows three possible wildlife management areas for 

Sandhill Crane breeding habitat. WHA-1 (candidate) covers about 558 ha of low elevation bog 

wetland and forest ecosystems in the northeastern section of the study area. This management 

area also includes the two active Sandhill Crane nest locations, as well as representations of all 
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four habitat types including a portion of Tyllia Creek and Tyllia Pond. Tyllia Creek offers a 

conduit for migratory travel and appropriate connectivity for marine access via the Nahwitti 

River. Tyllia Pond was observed to be an excellent forage area for Sandhill Cranes and many 

other birds and mammals; therefore, its inclusion will benefit more than just crane forage habitat. 
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Figure 11. Candidate Wildlife Habitat Areas (WHA) for Sandhill Crane  
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WHA-2 (candidate) has similar attributes to WHA-1, but does not encompass any known 

Sandhill Crane nest sites. WHA-2 covers about 566 ha of low elevation bog and forest habitat as 

well as good forage opportunities of open water habitat. WHA-2 is located in the north central 

portion of the study area and is positioned near Bragg Creek for access to Tyllia Creek and 

Nahwitti River. 

WHA-3 (candidate) is positioned in higher elevations, but contains an abundant amount 

of blanket bog habitat that is rated high for Sandhill Crane breeding suitability. WHA-3 

encompasses 1,093 ha and is located in the southern portion of the study area where Tyllia and 

Bragg Creek initiate. WHA-3 does not contain any active nests, but several crane sightings were 

observed in this area during the helicopter surveys. 

Table 9 summarizes the area in hectares for each of the six-class suitability ratings for 

Sandhill Crane reproducing habitat. 

Table 9. Sandhill Crane Breeding Habitat Suitability Rating Summary by Candidate Wildlife 
Habitat Area (WHA) 

Rating 
% of 
Provincial 
Best 

High 
1 
75-100 

Mod-High 
2 
50-75 

Moderate 
3 
25-50 

Low 
4 
5-25 

Very Low 
5 
1-5 

Nil 
6 
0 

Total Area 
(ha) 

WHA-1 144 180 44 173 14 2 558 

WHA-2 261 56 21 210 13 5 566 

WHA-3 660 120 241 70 2 0 1093 

 

Based on the occurrence of two active Sandhill Crane nests, WHA-1 is believed to be the 

best option for adopting a wildlife habitat area for the study site. Covering over 550 ha of 

complex wetland and forest habitat, this area provides enough territory for at least two breeding 

pairs of Sandhill Crane. The highest rated reproducing habitat covers about 144 ha of WHA-1. 



Sandhill Crane Nesting Habitat 85 

 

Sandhill Cranes are, therefore, estimated to need 70 ha of highly rated reproducing habitat 

surrounded by a further 200 ha buffer for their breeding requirements. WHA-2 and WHA-3 also 

contain significant amounts of suitable crane habitat, but have not produced observed active nest 

locations. 

A total of 4,350 ha of high and moderately high rated reproducing habitat was mapped in 

the study area. If it is assumed that every breeding pair of cranes requires 70 ha of highly rated 

reproducing habitat and an average territory of 225 ha, then it can be estimated that there is 

probably enough breeding habitat to support five to fifteen Sandhill Crane breeding pairs in the 

study area. 

The study area is almost entirely crown land within the Kingcome Timber Supply Area. 

A small piece of Tree Farm License #6 enters the very southern portion of the research area. 

Beyond these provincial land designations, there are small private lots scattered within the study 

area. WHAs are intended to be located on crown land; therefore, a more detailed investigation of 

private lot locations will need to be undertaken before a WHA can be approved by the provincial 

agencies. 

5.2. Vegetation Structure and Wetland Complexity 

The coastal blanket bogs have both spatial and temporal complexity due the development 

of the nutrient poor ecosystems on the landscape over such long periods of time with little 

natural disturbances like fire, flood, or wind. The animals, vegetation and hydrology have 

adapted to the high amounts of rain and wind over this time as well; resulting in a self-regulating, 

self-making or autopoietic system (Capra, 1996). 

In their draft Classification Framework for Wetlands and Riparian Ecosystems in British 

Columbia, MacKenzie and Banner start by saying “wetland and ‘riparian’ ecosystems, as 
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landscape features, are almost always complexes of associated ecosystems (rather than 

homogenous sites) that act together as an ecological landscape unit” (2001). This seems to be the 

case for the Nahwitti Plateau blanket bogs. 

The pattern of organization in the wetland complex can be delineated by vegetation 

communities. For example, areas where water accumulates, such as open water openings and 

drainage channels, have high levels of invertebrates, herpetiles, birds, and other animals. The 

web of life is well represented in these hydrological systems, as open water areas provide homes 

and nutrients for invertebrates and amphibians to live and flourish. Birds, such as Sandhill 

Cranes feed on invertebrates and amphibians. When Sandhill Crane chicks hatch, they are 

quickly guided by their parents to the shelter of the surrounding bog forests (Cooper, 1996); 

nests and young are extremely hard to locate in the vast bog wetland landscape. 

Predicting Sandhill Crane nest locations and mapping vegetation communities are made 

more difficult by the spatial and temporal complexity; however, field observations can provide 

knowledge to approximate and to suggest patterns of organization. 

The study of substance (or structure) and form (or pattern) (Capra, 1996) would be an 

enormous task for such a massive and environmentally complex area as the wetlands in question. 

A comprehensive research study on Brooks Peninsula, just to the southwest on Vancouver 

Island, not only includes inventories and ecosystem descriptions for several groups of plants and 

animals, but also discusses historical vegetation development through pollen record cores. A 

number of interesting results from this study shed light on the development of the blanket bogs 

on northern Vancouver Island. Brooks Peninsula also contains a number of rare vegetation 

communities that may be linked to northern Vancouver Island vegetation. Some of the highest 

peaks on Brooks Peninsula escaped recent glacial advances and are hypothesized to harbour rare 
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vegetation. It is possible that receding glaciers on the Pacific coast may have melted earlier on 

northern Vancouver Island than other locations and received seed and pollen from the 

neighbouring refugia on Brooks Peninsula.  

Bogs receive water from precipitation rather than groundwater recharge and retain the 

acidic rain water because input is greater than evapotranspiration rates. While the blanket bog 

ecosystems can be described by water chemistry and nutrient availability, visible attributes can 

be used to delineate the patterns of vegetation and habitat options. However, it has become 

increasingly clear that the separate physical and biochemical characters alone are not sufficient 

to describe the ecosystems that make up the whole wetland complex. A spatial representation 

and habitat suitability ratings could provide an analysis tool for managing wetland ecosystems 

and Sandhill Crane habitat. 

The landscape and ecosystem patterns have a multi-layered substructure similar to 

geometric fractals (Capra, 1996), i.e., the water flow and vegetation patterns reveal similar 

arrangements and complexity at various scales. Figure 12a to 12d displays four photos to 

illustrate landscape-, ecosystem-, and species/genetic-level complexity. 
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a) Landscape-level complexity. Photo of Nahwitti Plateau blanket bog complex 
 

 

b) Ecosystem-level complexity. Photo of open water ecosystem with surrounding blanket bog and 
forested bog ecosystems. 
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c) Species/genetic-level complexity. Bog pond (northern bur-reed, bog rush, narrow-leaved cottongrass) 
 

 

d) Species/genetic-level complexity. Peat hummock (western redcedar, sweet gale, Labrador tea, 
crowberry, great burnet, white beak-rush, buckbean, tough peat-moss, hoary rock-moss, brown-
stemmed bog moss, small red peat moss, maritime reindeer lichen). 

Figure 12. Comparison of Vegetation Complexity at Various Scales 



Sandhill Crane Nesting Habitat 90 

 

Various tree and shrubs have developed in the bogs on shallow organic soil areas. The 

horizontal distribution of vegetation showed a heterogeneous pattern of sedges, ericaceous 

shrubs, and scrubby conifers. The Gale–Cottongrass unit was one of the most common 

ecosystems in the area. It graded in and out of the slightly dryer and more nutrient-poor Juniper–

Clubrush unit. In some instances, individual ecosystems occurred in large tracts of repeating 

vegetation groups. The blanket bogs and slope bogs were often interrupted by water features and 

drainage channels. Rich riparian channels or stagnant bog pools formed in the lowest portions of 

the ecosystem. Depending on the actual size and relative percentage of the map unit, these other 

ecosystems have been included to make a complex map label of integrating ecosystem types. 

Integrated ecosystems and complex vegetation structure of these habitat types had the most 

frequent occurrence of crane activity. 

The entire bog wetland complex needs to be discussed when proposing management 

measures, but certain ecosystems or areas may be more sensitive to biodiversity loss than others 

(Table 10). Riparian ecosystems in the study area (map codes: SD & RC) are considered at-risk 

in British Columbia because they occur in small linear patches of diverse habitat and contain 

productive forests that are attractive to forestry operations. Mesic and bog forests (map codes: 

LS & HS) store moderate quantities of ground water and make up the matrix forest communities 

that provide security and habitat for mammals and birds. These old forests contain variable 

genetic- and species-level biodiversity traits, such as land snails, uncommon arboreal lichens, 

and cavity nesting availability. Stunted tree and shrub bog wetlands (map codes: PS & LS) hold 

large quantities of ground water and nutrients for their slow release into neighbouring 

ecosystems. Blanket bog wetlands (map codes: GC & JC) contain rare vegetation species and 

communities that contribute to the evolution of the greater gene pool because of countless 
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generations of limited natural and human disturbances. Poor fen and open water ecosystems 

(map codes: BS & BP) handle significant reservoirs of slow moving ground water throughout the 

year and fast moving surface water, especially during high rainfall events in the winter. These 

last four conceptual ecosystems provide highly suitable habitat for reproducing, foraging, and 

living Sandhill Cranes, as well as for other migrating birds and local wildlife. 

Table 10. Biodiversity Elements by Ecosystem Type 

Map 
Unit 
Code 

Ecosystem -
Habitat 
Type 

Landscape 
Description 

Sandhill Crane 
Habitat Use 

Rare 
Vegetation 
Communities 

Hydroriparian 
Function 

SD/RC Riparian 
forest 

Elevated 
morainal and 
bedrock material 

Low value 
security and 
forage habitat 

Rare 
vegetation 
communities 
present 

Forested 
ecosystems linked 
to riparian areas 

LS/HS Mesic and 
Bog forests 

Shallow organic 
soils and 
mineral soil 

Moderately 
suitable thermal 
and security 
habitat 

Matrix forest 
community 

Store moderate 
quantities of 
ground water 

PS/LS Stunted tree-
Shrub bog 
wetlands 

Deep organic 
soils over 
mineral soil 

Suitable thermal 
and security 
habitat 

Rare 
vegetation 
communities 
present 

Store large 
quantities of 
surface and 
ground water 

GC/JC Sedge, low 
shrub blanket 
bog wetlands 

Level to gentle 
slopes, deep 
organic soils 

Highly rated 
habitat for 
reproducing, 
foraging, and 
living 

Rare 
vegetation 
communities 
present 

Significant 
reservoirs of slow 
moving ground 
water 

BS/BP Sedge poor 
fen and open 
water bog 
pools 

Lowest 
landscape 
position where 
water 
accumulates 

Moderately high 
breeding habitat 
and excellent 
forage habitat 

Rare 
vegetation 
communities 
present 

Dynamic water 
reservoirs 
releasing surface 
and ground water 

 

Foraging and shelter territory for the Sandhill Crane are large and not well known, 

therefore ratings for bog forest and scrub forest ecosystems depended on their suitability for 

shelter and insect/berry foraging in relation to their proximity to suitable open water wetland 
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areas. Forested habitats with suitable forage within 100 m of good nesting habitat tended to be 

rated higher than large areas of uninterrupted forest. Large open fens greater than 1 ha and 

without open water may not be as preferable for nesting as smaller open water areas next to 

shelter areas. 

5.3. Resource and Land Use Management 

The most significant stresses that could threaten biodiversity in the area include 

ecosystem conversion, ecosystem degradation and major hydrology changes. Climate change is 

also an unpredictable stress that could lead to future biodiversity alterations. 

Government organizations and private land owners are interested in the bog wetlands and 

bog forests for potential resource extraction. Coastal lowlands contain valuable old-growth 

forests and have significant sources of wind energy. The research area possesses consistent 

winds ideal for wind power generation (Independent Power Producers Association of BC, 2008). 

The provincial government agencies are also interested in wildlife and wetland findings for 

conservation planning purposes. 

Three First Nations groups hold territory in the area, including the Quatsino, Kwakiutl, 

and Tlatlasikwala communities (BC EAO, 2005). These people have been direct users of this 

habitat, and will continue to play a role in managing economic and cultural resources for their 

members. 

Forestry research into hypermaritime forests near Prince Rupert has come about from 

interest in harvesting valuable timber (i.e., western redcedar) as available coastal old growth 

becomes more difficult to access. The research there has concluded that forest activities in these 

wet coastal forests may come with high costs to forest connectivity, habitat degradation, and high 

road building costs (Banner, LePage, Moran, & de Groot [eds.], 2005). 
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Approximately 4,200 ha of old growth forest, covering over 37 percent of the total area, 

is contained within the research area. While most of this timber is considered of economically 

marginal wood value, forest harvesting may still offer modest revenues for operators. However, 

the downturn in the forest sector over the past decade has likely contributed to the lack of forest 

harvesting on the coast. 

Wildlife ecologists, John Cooper and Martin Gebauer are active Sandhill Crane 

investigators and both have suggested wildlife habitat areas as a tool for maintaining crane 

habitat (Cooper, 1996; Gebauer, 2004). Both have conducted Sandhill Crane habitat surveys in 

coastal British Columbia bogs, and emphasized the need for continued research on coastal crane 

populations and their breeding habitat. Gary Ivey, a representative of the International Crane 

Foundation, is also a leader in Sandhill Crane research and continues to raise the significance of 

the coastal populations. 

Proposed wind energy stakeholders in the area, include Sea Breeze Power Corp., Nomis 

Power Corp., and EarthFirst Canada Inc. (BC EAO, 2005). These Corporations hold various 

investigative use permits on Northern Vancouver Island and represent an aggregate potential 

windpower capacity of up to 450 mega watts. Together, these energy companies plan to install 

150–250 turbines on the Nahwitti Plateau area. 

Examples of potential wetland impacts from wind energy development can arise from 

avian collisions, noise pollution, vegetation removal, wildlife habitat loss, and hydrology 

disruption (Cooper, 2006). Numerous valued ecosystem components and indicators of 

biodiversity can be suggested to represent the wetland landscape. An EBM framework from the 

Coast Information Team seeks to find an adaptive approach to managing human activities to 
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ensure the coexistence of healthy, fully functioning ecosystems and human activities (CIT, 

2004). 

In the case of the bog wetlands along the coast of British Columbia, numerous wind 

energy developments are proposed that may affect nesting Sandhill Cranes that have recently 

been discovered. Nesting Sandhill Cranes have been observed in recent years at the northern 

Vancouver Island location and it is suspected that many of the outer islands (Banks, Aristazabal, 

and Porcher Islands) possess the structure for further crane nest sites; wind energy development 

is also planned for these islands. 

Road infrastructure for wind power development during construction and operation will 

likely have the greatest impact on vegetation, wildlife, and hydrological function. As Sandhill 

Cranes have been listed as a species at risk in British Columbia, it is thought that cranes are a 

suitable indicator of ecosystem health in the bog wetlands of northern Vancouver Island. The 

outputs from this EBM system, therefore, may be useful for other wind energy proposals in 

similar landscapes along the British Columbia coast. 

Wind energy development requires significant land conversion during construction and 

operation, including road building, turbine construction and maintenance. These activities can 

lead to changes in environmental resilience that may affect genetic-level, species-level, and 

landscape-level biological diversity. 

One of the wind energy projects proposed for Vancouver Island has received an 

environmental certificate through the environmental impact assessment process, but must adhere 

to assurances and commitments prior to construction. These commitments include an access 

management plan and permanent vegetation plots in areas of proposed development, as well as 

control areas. The permanent vegetation plots will compare pre- and post-development 
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conditions for roads and adjacent areas, with particular emphasis on red-listed, blue-listed and 

locally rare species and ecosystems (BC EAO, 2005). 

5.3.1. Trade-offs of Developing Wetlands 

Wind energy is a relatively non-polluting source of energy compared to fossil fuel 

sources. The lack of significant tree cover in the bog complex and proximity to consistent 

westerly weather systems creates an ideal location for wind energy as there is little obstruction to 

prevailing winds. However, development concerns exist as road building can affect upland 

wildlife habitat, hydrology, and sensitive vegetation. The wetlands also store huge volumes of 

carbon in their peat layers.  

There is a resulting trade-off between developing green energy sources and using 

wetlands wisely (BC Ministry of Environment, 2009b). Although wind energy is long overdue in 

the province of British Columbia, especially in remote areas of the province far from hydro 

power sources, choosing a wetland area as the site for wind power presents management risks to 

natural capital and ecological services. 

Existing clear-cut forested areas cover adjacent ridges south of the wetland complex that 

likely receive sufficient wind resources. These forest-dominated ridges would probably be better 

locations for wind energy development. As forested lands have more economic value, the forest 

companies and province could form partnerships so that harvestable areas are not reduced in 

their timber supply areas.  

Hydro power is abundant in British Columbia and offers low greenhouse gas emissions, 

but the trade-offs have often been loss of river basins and degradation of wetland and riparian 

ecosystems. Communities on Vancouver Island could reduce their greenhouse gas emissions by 

using wind energy rather than oil, natural gas or diesel power. 



Sandhill Crane Nesting Habitat 96 

 

Unfortunately, another barrier exists for the wind energy projects—development would 

necessitate major upgrades to the size of the power lines to the north of Campbell River, British 

Columbia. The question arises in terms of who will bear the economic costs of the transmission 

line-upgrades and who will be responsible for these further, cumulative ecological impacts? An 

overall strategy for encouraging green energy production should begin by using the available 

transmission lines first and then building a network of connected projects to share additional 

transmission costs. Presently, only two transmission lines connect to the coast of British 

Columbia; in Kitimat and in the lower Mainland. Wind and wave energy on the coast does offer 

sources of green energy and, as the industry expands, the best locations will become 

economically clear. Coastal communities could reinvest in connected local energy sources in a 

combination of wind, wave, water, and geothermal availability. At the same time, ecological and 

cultural values must be balanced with economic and social strategies. 

5.4. Conservation Planning 

Sandhill Crane nesting habitat is beginning to be better understood in coastal British 

Columbia. Recent research has been initiated near Prince Rupert (Roessingh, 2007) as well as 

this study on northern Vancouver Island. While initial investigations in May 2004 indicated 

evidence of Sandhill Crane nesting habitat in vegetated islands in open water wetland areas on 

northern Vancouver Island, no ecosystem-based habitat mapping had been performed until this 

research project. 

Wildlife habitat mapping methods offer a tool for spatially describing the entire wetland 

ecosystem complex, rather than breaking the area into separate disciplines. This ecosystem-based 

modeling approach is intended to be dynamic, offering the possibility to add more variables and 

provide the ability to change habitat ratings that are used to theme the available habitat. 
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The Ministry of Environment’s Conservation Framework is a recent initiative aimed at 

maintaining the diversity of native species and ecosystems; preventing species and ecosystems 

from becoming at risk; and contributing to global efforts for species and ecosystem conservation 

in British Columbia (Ministry of Environment, 2009a). The progression from identifying and 

assessing ecosystems leads to conservation actions, such as ecosystem and habitat protection, 

ecosystem and habitat restoration, private land stewardship, and species and population 

management (Ministry of Environment, 2009a). 

5.4.1. Biodiversity Conservation 

The Sandhill Crane is a key indicator of genetic-level, species-level, and ecosystem-level 

biodiversity. Wildlife management areas, such as Wildlife Habitat Areas, can be used to 

conserve representative ecosystems and the range of natural variability, or in other words, 

biodiversity. Knowing the current condition and function of a reserve prior to development can 

allow for effective monitoring and risk management in areas proposed for wind energy 

development. Conserving crane habitat and the life-sustaining services provided by the wetland 

ecosystems is an approach to ensure continued flow of benefits that result from protecting 

healthy, functioning ecosystems. Peripheral species or subspecies, at the edge of their range, 

such as the Sandhill Crane, may represent genetic variability that can contribute to long-term 

viability of distinct populations (Harding & McCullum [eds.], 1994).  

Old-growth forest attributes are present in the Nahwitti Plateau in the form of large living 

and recycling structures, like snags and nurse logs. Coarse woody debris provides structure for 

amphibian protection and nutrients for vegetation growth. Trees supply shade within the forest 

and help to moderate adjacent microclimates, such as the non-forested blanket bogs that surround 

them. Conservation of biological diversity can be improved when forest reserves are protected 
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and managed to reduce the effects of fragmentation and to provide connectivity between 

developed lands (Fenger, Manning, Cooper, Guy & Bradford, 2006). 

Table 11 outlines some of the key biodiversity elements of the Nahwitti Plateau at 

different scales. A wildlife habitat area will provide a reserve network for these attributes to be 

sustained if development occurs in the region.  

Table 11. Key Biodiversity Elements and their Representation 

Genetic Species Ecosystem 

Endemic and rare 
plants and 
animals. 

Old-growth 
attributes. 

Medicinal plants 
and bacterial 
assemblages. 

Specific groups 
of plants adapted 
to wetland 
conditions. 

Unique 
vegetation 
assemblages. 

Uncommon 
bryophyte 
communities. 

Sandhill Crane 
nesting habitat–
potentially specific 
to a sub-population. 

Abundant 
amphibian and 
invertebrate 
breeding area. 

Additional bird 
breeding areas, such 
as Canada geese, 
greater yellow-legs, 
Lincoln sparrow, 
and marbled 
murrelet. 

Ecosystems 
ranging from Bog 
forests and scrub, 
to poor fens and 
lush gullies. 

Large decaying 
structures. 

Heterogenous 
vegetation 
providing variable 
habitat 
opportunities. 

Large intact 
wetland complex 
providing regional 
ecological 
services. 

Resilient set of 
ecosystems 
functioning at the 
landscape level 
that maintain 
society’s ability to 
productive, 
creative, and 
economically 
competitive. 

 

In December 2009, eight new Marbled Murrelet wildlife habitat areas were approved for 

the north island region, occupying over 600 ha of forest land around the Nahwitti Plateau (BC 

Ministry of Environment, 2009c). Areas to the south around Nahwitti Lake and Obling Creek are 

included in these reserves as well as in the east (Ursie and Pugh Creek) and west (lower Stranby 

River and William Lake). 

A wildlife habitat area designed to protect Sandhill Crane breeding habitat, such as those 

proposed above, could be added in the near future to connect to the network of other WHAs in 
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the region. These management areas combined with parks and protected areas could provide 

linkages from the coast to the upper elevations that, together, form a regional network of 

conservation areas that maintain biodiversity values across variable landscapes. 

5.5. Project Limitations 

The research did not address impacts from resource use or construction activities related 

to wind power production. Instead, an ecosystem-based approach to land use was followed to set 

aside areas that can help to maintain the biodiversity values in the area. 

Climate change effects were also not addressed; however, candidate wildlife habitat areas 

can be seen as portions of the landscape that maintain the environmental resilience of the 

wetland complex. In other words, conservation planning must take into account not only regional 

effects, but also global effects of potentially reducing the carbon storage of the bog landscape. 

The mapping scale was selected for best representing the landscape; however, as 

discussed earlier, this can limit the detail of ecological classification. The map scale (1:10,000) 

was meant to be a convenient way to stratify the landscape for conservation planning purposes. It 

was not intended for site-specific industrial design nor does it address the effects of road 

construction on streams and drainages. A recent report has addressed some design criteria, in 

terms of windfarm layout, including road placement using EBM principles (Griffiths, 2008). 

Field surveys and helicopter flights were limited in scope by weather, finances, and 

safety. Access into the research area, however, was most limited due to the large size of the study 

area; ground transects were contained to areas near the private forestry road in the northeast 

portion. 
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5.5.1. Determining Scale 

When wetlands are considered at various administrative scales (international, regional, or 

local) the same set of ecological integrity indicators emerge. As such, ecological attributes 

considered in international agreements, national strategies, or local initiatives, often include 

migratory birds, rare or endangered species, and ecosystems. 

Discrete ecosystems are difficult to separate from the entire system due to the complexity 

of scale. For instance, at a large scale such as a 1-m quadrat, vegetation communities were rarely 

consistent but graded from dry lichen hummocks to wet peat moss hollows. Moving to a smaller 

scale, such as 20 x 20 m plots, added exponential complexity to defining homogenous vegetation 

communities or ecosystem types. With the large size of the area (11,306 ha) the only reasonable 

scale at which to map the bog ecosystems was to create conceptual ecosystem groups and stratify 

the landscape into generalized areas that differed enough from the adjacent areas to end up with a 

complex set of polygons. 

It is nearly impossible to separate important ecological functions of wetlands—for 

instance, wildlife habitat, especially breeding bird habitat, rare species, at-risk plant 

communities, and hydrological function—when deciding on management strategies. Measuring 

and using biodiversity is one way of capturing all of the important elements that wetlands 

encompass. As mentioned earlier, biodiversity includes at least four scales: genetic-, species-, 

ecosystem-, and landscape-level biodiversity. Given that 1) genetic research is beyond the scope 

and relevancy of this study; and 2) species and landscape scales are not sufficient to place 

Sandhill Crane habitat and rare vegetation communities in context, the ecosystem-level scale was 

determined to be the most appropriate scale to reference for biodiversity representation. 
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6. Conclusions and Recommendations 

The Nahwitti Plateau wetlands represent one of the largest blanket bog ecosystems on the 

coast of British Columbia; however, wildlife habitat surveys have been conducted infrequently 

by ecologists in these coastal bog wetlands. Recent wind energy development proposals in the 

area have raised awareness of the values of the bogs as a result of baseline studies. The wetlands 

have been overlooked by ecologists prior to the wind energy industry interest and have been 

surveyed only for limited biophysical information related to wind energy development impacts. 

From an economic perspective, the wetland area appears to be a prime development site as it is 

seen as a non-forested, desolate landscape. Yet even these limited investigations show that the 

bog wetlands at the northern tip of Vancouver Island are home to a unique assemblage of plants 

and animals, as also demonstrated in this study. In addition to tangible biophysical properties 

such as rare vegetation communities and Sandhill Crane nesting habitat, the wetland complex 

maintains biological diversity, provides ecological services, and offers far-reaching social 

benefits that have not been well accounted for by local or regional communities. 

Applications of governance for Sandhill Crane breeding habitat focus on the Wildlife Act 

and the Forests and Range Practices Act. Protection of active nests during the breeding period is 

essential for complying with the Wildlife Act, if development or resource extraction is to occur. 

Even if development does not continue on the Nahwitti Plateau, a wildlife habitat area can be 

established under the IWMS initiative as a precautionary approach to maintaining biodiversity 

and important Sandhill Crane breeding areas. 

Adaptive management and monitoring practices will need to be implemented if 

development proposals approach reality. Prior to further construction or road-building, 
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permanent vegetation plots should be established to record pre-development conditions that 

provide a benchmark for ecological integrity feedback processes. 

Responsible stewardship is necessary to protect the Sandhill Crane habitat during 

development, such as setting best management practices for land conversion and for minimizing 

impacts from drainage crossings. For example, existing nest sites should have appropriate buffers 

during each phase of development. Furthermore, an implementation plan for a wildlife habitat 

area is recommended to maintain biodiversity values and ecosystem services. 

The candidate wildlife habitat area containing the two active nests (WHA-1, on Figure 

11) is recommended for inclusion into a core wildlife management area to conserve a variety of 

habitat types, rare vegetation communities, old-growth forests, riparian systems and ecological 

attributes needed to help meet provincial biodiversity strategies. All four habitat types are 

important for Sandhill Crane breeding success. Open water and riparian areas are crucial for 

foraging, poor fen and blanket bog habitats are required for nest sites, and forested or shrub-

dominated communities are important for shelter and security from predators and extreme 

weather conditions. 

Other areas of highly rated Sandhill Crane breeding habitat should be considered if 

resource extraction or energy development moves forward. Proactive site design and responsible 

stewardship of wetland and riparian values will be paramount if road networks cross sensitive 

wetland soils. 

The northern Vancouver Island region has seen the number of observed active nests 

increase as a result of studies funded by industrial proponents, as well as from general field 

research. It may serve the government agencies and industrial partners to investigate the 

population dynamics of the Sandhill Crane in the coming years, and beyond to assess the extent 
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of crane breeding habitat in adjacent areas. It may be found that this region is a critical migratory 

stopover and breeding territory for select groups of Sandhill Cranes that trigger an Important 

Bird Area to be designated (Nature Canada, 2009). 

6.1. Continued Planning Requirements 

The ecological “stocks” of the wetland can be expressed by the genetic-, species-, and 

landscape-level biodiversity that exist in the area. It may be possible to retain a good portion of 

the biological diversity in the proposed development areas through sensitive project design, 

mitigation techniques, and monitoring. Localized effects will occur at the turbine footprints; 

however, energy cycles and hydrological processes can be difficult to restore once landscape 

degradation has exceeded naturally occurring thresholds. 

The wind turbine infrastructure will require maintenance over the years as technology 

and energy needs change. As a requirement under the British Columbia Environmental 

Assessment Act, reclamation plans may add unexpected impacts to ecological, social, and 

economic values. At a minimum, the governing bodies should require a bond from the project 

proponents to account for unpredicted losses, such as in other large industrial land use projects. 

Reclamation plans may be difficult to feasibly execute, for example, road deactivation can add to 

project effects rather than improve conditions. Peatland reclamation for wind energy projects has 

not actually taken place, especially in blanket bog ecosystems; therefore, decommissioning plans 

or technology upgrade strategies are recommended to accompany the long-term vision of any 

large scale wind energy project. 

As a formal response to uncertainty and risk, adaptive management processes will need to 

be active in nature and in place at the outset of development projects to improve construction 

decisions and energy policies. Active adaptive management can allow operators, government 
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managers and company stakeholders to compare multiple alternative biodiversity management 

proposals. The energy companies have already shown an activity in adapting their development 

proposals to reduce road infrastructure and include phased construction throughout the 

environmental certification processes. 

General wildlife management measures have been suggested by the provincial experts, 

including the following goals (WLAP, 2004a): 

 maintain structure and integrity of emergent vegetation in and around nesting areas to 

provide cover and nesting habitat; 

 maintain a vegetated screen around breeding wetlands; 

 minimize disturbance and access during the breeding season (April 1 to September 

21); 

 prevent changes to drainage regimes in wetland complex through site-specific design 

and best management practices; and 

 minimize human access to important staging and breeding areas during the migratory 

period (April to October). 

Continued wildlife and ecology investigations are encouraged prior to and during 

construction. These studies can help to locate nest sites and sensitive ecosystems that can be 

avoided during design and construction. If conceptual siting plans exist, these linear routes could 

be pre-assessed for active nest sites and potential occurrences of at-risk wildlife or vegetation 

elements. Avoidance of contradictions to the Migratory Bird Act, Wildlife Act, Forest and Range 

Act, and Fisheries Act will benefit project success. 
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6.2. Ecosystem-based Management Goals and Recommendations 

The following recommendations are meant to maintain the ecological integrity of the 

terrestrial and freshwater ecosystems in the region as well as making available the ability for 

human populations to access social, economic and cultural services from the landscape; goals 

consistent with Ecosystem-Based Management (EBM). 

A wildlife habitat area is critical for protecting biodiversity and wildlife habitat; 

therefore, a 558 ha WHA is proposed for the Nahwitti Plateau, indicated by the spatial 

representation indicated previously in Figure 11. This WHA should include a core area around 

each nest site including the entire stand of emergent vegetation around the recorded wetland plus 

a 50 m buffer. A management zone reaching 200 to 350 m from the core areas should be 

maintained in its current structure. The existing forestry road that enters the Nahwitti Plateau 

from the east intersects the WHA-1 candidate area and should be maintained and used to 

minimize disturbance to active nests. 

Construction timing would best be planned to avoid the crucial months of the breeding 

season starting in April and ending around the September 21 (WLAP, 2004a). Cranes start 

arriving at the north island in April, looking for suitable nesting sites or returning to previous 

nest locations. Breeding pairs will share nesting duties through May and June, and young will 

begin to fledge in July, gaining strength during August and September for their migration to 

southern latitudes. 

Construction facilities and roads should avoid erosion-prone wetland soils for the most 

efficient and robust design and to minimize drainage disruptions. Road-building costs are likely 

more expensive where wetland soils are present because of the amount of consolidated material 

needed to ensure heavy loads can travel without damaging the road base. Current road 
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infrastructure in the study area will require maintenance. This is specifically for re-vegetation 

along road disturbance edges because invasive vegetation can become established and at culvert 

placements where drainage and water flow can cause damming and erosion of adjacent soils.  

Custom-built drainage crossings will be required to deal with the unique hydrology 

patterns. Simple culverts that are commonly used for definable drainages are not suitable for bog 

wetland ground water movement. A series of open bottom structures where roads cross wetlands 

will be necessary for water flow and amphibian movement. Habitat fragmentation can be 

reduced by constructing specialized movement structures to allow movement where roads cross 

identified habitat corridors.  

Further Sandhill Crane mapping analyses are recommended in the Shushartie plateau area 

east of the Nahwitti River. Terrestrial ecosystem mapping exists for portions of the Shushartie 

plateau landscape that can easily have crane ratings applied to the data set. This may help to 

identify other wildlife habitat areas important for Sandhill Crane breeding, especially near 

Godkin Lake where two other active nest sites are known to occur (CDC, 2009). 

6.3. Summary of Contributions  

This study demonstrates the significance of this type of research to environmental, social 

and economic well-being through EBM, by linking field observations and mapping results to 

biodiversity and sustainable use of biological resources that positively affect environmental, 

social and economic well-being. 

The study has identified 4,000 ha of non-forested blanket bog habitat as the most suitable 

Sandhill Crane breeding habitat on Northern Vancouver Island. Of this habitat, 2,000 ha is made 

up of sparse low shrubs and sedge dominated ecosystems with open water features for forage and 

isolated vegetated mounds for nest structures. 
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The highest-rated habitat was located in lower elevation blanket bogs in a mosaic of 

stunted forest communities and open water habitat. Two active nests were observed in the 

northeast portion of the study area near Tyllia and Bragg Creeks. Additional large areas of non-

forested blanket bog habitat are located in the southeast that may also contain highly suitable 

crane habitat. Based on the relative size of active reproducing territory, the 11,306 ha study area 

was estimated to encompass enough highly suitable Sandhill Crane habitat for 5 to 15 breeding 

pairs. 

A 558 ha wildlife habitat area is recommended to protect crane reproducing habitat and to 

maintain responsible amounts of associated biological diversity for future generations at the 

same time allowing additional areas for wind energy development. The overarching goals of the 

EBM approach places the ecological integrity of terrestrial and wetland ecosystems along side 

the need to achieve high levels of human well-being. Sandhill Crane nesting habitat is used as a 

coarse filter for ecological integrity, such as maintenance of biological diversity and ecosystem 

services. Due to the fact that cranes require large undisturbed areas to successfully reproduce, 

indicates that a variety of habitats and ecosystem functions are needed to maintain the overall 

crane breeding habitat. 
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Appendix A Structural Stage Codes 

Structural Stage Description 
Post-disturbance stages or environmentally induced structural development 
1 Sparse/bryoid Initial stages of primary and secondary succession; bryophytes and lichens often 

dominant, can be up to 100%; time since disturbance less than 20 years for 
normal forest succession, may be prolonged (50–100+ years) where there is little 
or no soil development (bedrock, boulder fields); total shrub and herb cover less 
than 20%; total tree layer cover less than 10%.  

Substages  
1a Sparse Less than 10% vegetation cover. 
1b Bryoid Bryophyte- and lichen-dominated communities (greater than ½ of total 

vegetation cover). 
Stand initiation stages or environmentally induced structural development 
2 Herb Early successional stage or herbaceous communities maintained by 

environmental conditions or disturbance (e.g., wetlands, grasslands, flooding, 
intensive grazing, intense fire damage); dominated by herbs (forbs, graminoids, 
ferns); some invading or residual shrubs and tress may be present; tree layer 
cover less than 10%, shrubby layer cover less than or equal to 20% or less than 
1/3 of total cover; time since disturbance less than 20 years for normal forest 
succession; may herbaceous communities are perpetually maintained in this 
stage. 

Substages  
2a Forb-dominated Herbaceous communities dominated (greater than ½ o the total herb cover) by 

non-graminoid herbs, including ferns.  
2b Graminoid- 
dominated 

Herbaceous communities dominated (greater than ½ of the total herb cover) by 
grasses, sedges, reeds, and rushes. 

2c Aquatic Herbaceous communities dominated (greater than ½ of the total herb cover) by 
floating or submerged aquatic plants; does not include sedges growing in 
marshes with standing water (which are classed as 2b). 

2d Dwarf shrub Communities dominated (greater than ½ of the total herb cover) by dwarf woody 
species such as Phyllodoce empetriformis, Cassiope mertensiana, Cassiope 
tetragona, Arctostaphylos arctica, Salix reticulata, and Rhododendron 
lapponicum. (See list of dwarf shrubs assigned to the herb layer in the Field 
Manual for Describing Terrestrial Ecosystems).  

3 Shrub/Herb Early successional stage or shrub communities maintained by environmental 
conditions or disturbance (e.g., snow fields, avalanche tracks, wetlands, 
grasslands, flooding, intensive grazing, intense fir damage); dominated by 
shrubby vegetation; seedlings and advance regeneration may be abundant; tree 
layer cover less than 10%; shrub layer cover greater than 20% or greater than or 
equal to 1/3 of total cover. 
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Structural Stage Description 
Substages  
3a Low shrub Communities dominated by shrub layer vegetation less than 2 m tall; may be 

perpetuated indefinitely to environmental conditions or repeated disturbance; 
seedlings and advance regeneration may be abundant; time since disturbance 
less than 20 years for normal forest succession. 

3b Tall shrub Communities dominated by shrub layer vegetation that are 2–10 m tall; may be 
perpetuated indefinitely by environmental conditions or repeated disturbance; 
seedlings and advance regeneration may be abundant; time since disturbance 
less than 40 years for normal forest succession. 

Stem exclusion stages 
4 Pole/Sapling Trees greater than 10 m tall, typically dense stocked, have overtopped shrub 

and herb layers; younger stands are vigorous (usually greater than 10–15 years 
old); older stagnated stands (up to 100 years old) are also included; self-
thinning and vertical structure not yet evident in the canopy – this often occurs 
by age 30 in vigorous broadleaf stands, which are generally younger than 
coniferous stand at the same structural stage; time since disturbance ins usually 
less than 40 years for normal forest succession. 

5 Young Forest Self-thinning has become evident and the forest canopy has begun 
differentiation into distinct layers (dominant, main canopy, and overtopped); 
vigorous growth and a more open stand than in the pole/sapling sate; time 
since disturbance is generally 40–80 years but may begin as early as age 30, 
depending on tree species and ecological conditions. 

Understorey reinitiation stage 
6 Mature Forest Trees established after the last disturbance have matured; a second cycle of 

shade tolerant trees may have become established; understories become well 
developed as the canopy opens up; time since disturbance is generally 80–140 
years. 

Old-growth stage 
7 Old Forest Old, structurally complex stands composed mainly of shade-tolerant and 

regenerating tree species, although older seral and long-lived trees from a 
disturbance such as fire may still dominate the upper canopy; snags and coarse 
woody debris in all stages of decomposition typical, as are patchy understories; 
understories may include tree species uncommon in the canopy, due to 
inherent limitations of these species under the given conditions; time since 
disturbance generally greater than 150 years. 

 

As per Table 3.3 from the Standard for Terrestrial Ecosystem Mapping in British 
Columbia, Resources Inventory Committee, 1998. 
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Appendix B Plot Inspection Data 

Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

A00 GC/JC 3a 
Ground 
inspection 

May 8, 
2007 

A transect 
(Nest 
site#1) 

one egg at nest, however 
next day predated by 
raven 3 2 1 2 5629281 572467 

A01 JC 3a 
Ground 
inspection 

May 8, 
2007 A transect 

degraded bog with 
shallow areas - moderate 
habitat 3 2 1 2 5629180 572549 

A02 BS/GC/LS 3a/3b 
Ground 
inspection 

May 8, 
2007 A transect 

drainage channel and 
bogs - good forage 
habitat 3 2 2 3 5629365 572430 

A03 PS 3a/3b 
Ground 
inspection 

May 8, 
2007 A transect 

shore pine-sphagnum 
bog; low to moderate 
habitat, good shelter and 
forage. Potential crane 
roosting sites 3 4 5 4 5629257 572436 

A04 HS/LS 7 
Ground 
inspection 

May 8, 
2007 A transect 

old forest - low to 
moderate shelter 4 5 5 5 5629589 572120 

A05 GC 3a 
Ground 
inspection 

May 8, 
2007 A transect 

open bog between lake 
and road, collected 
Juncus and moss 3 2 1 2 5629660 572215 

A06 BS 3a 
Ground 
inspection 

May 8, 
2007 A transect 

open bog with poor fen 
drainage channels - 
moderate habitat 4 2 2 3 5629739 572312 

A07 BS 2b 
Ground 
inspection 

May 8, 
2007 A transect 

lake edge - excellent 
forage habitat; crane 
tacks present and several 
crane sightings 4 2 2 3 5629748 572044 

A08 HS 7 
Ground 
inspection 

May 10, 
2007 A transect 

moist to dry forest - low 
habitat value; fire 
history, Calypso bulbosa, 
deer, bear and grouse 
habitat 4 6 6 6 5630087 570339 

A09 BS/GC/JC 2b/3b 
Ground 
inspection 

May 10, 
2007 A transect 

drainage channel and 
bogs - good forage 
habitat; bear scat, browse 
and digs 3 2 2 2 5629012 570842 

A10 GC/JC/BS 3a/2b 
Ground 
inspection 

May 10, 
2007 A transect 

large open bog and poor 
fen drainage - moderate 
habitat; crane tracks and 

3 2 1 2 5628706 570303 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

feathers 

A11 SD 7 
Ground 
inspection 

May 10, 
2007 A transect 

Bragg Creek bridge, rich 
gully, several wildlife 
trees, very low crane 
habitat, glaciofluvial 
deposits 6 6 6 6 5630340 569397 

A12 LS 7 
Visual 
Inspection 

May 8, 
2007 A transect metamorphic 3 4 5 4 5628516 573376 

A13 BS/RC 3a/3b 
Visual 
Inspection 

May 8, 
2007 

C transect 
(Observatio
nStn) 

stream crossing CwYcPl 
sedge, rock outcrops 3 2 3 3 5628768 572843 

A14 PS/LS 3a/3b 
Visual 
Inspection 

May 8, 
2007 

C transect 
(Observatio
nStn) 

pullout across from nest 
site #1; large flock of 
geese (200-500) 3 4 5 4 5629232 572380 

A15 SD 7 
Ground 
inspection 

May 8, 
2007 A transect rich creek ecosystem 6 6 6 6 5628375 574225 

A16 GC/JC 3a 
Visual 
Inspection 

May 10, 
2007 C transect revisit - no nest or cranes 3 2 1 2 5628429 571010 

A17 GC/BS 3a 
Visual 
Inspection 

May 10, 
2007 C transect revisit - no nest or cranes 3 2 2 2 5628707 570288 

A18 GC 3a 
Visual 
Inspection 

May 10, 
2007 C transect revisit - no nest or cranes 3 2 1 2 5628617 570480 

A19 GC 3a 
Visual 
Inspection 

May 10, 
2007 C transect revisit - no nest or cranes 3 2 1 2 5628441 570469 

A1-
ObsS
tn HS 7 

Observatio
n station 

May 9, 
2006 

A transect 
(Observatio
nStn) camp obs stn; old forest 4 5 6 5 5629546 572113 

A20 LS/JC 7/3b/3a 
Ground 
inspection 

May 10, 
2007 C transect soil profiles 3 2 3 3 5630348 569777 

A2-
ObsS
tn PS 3b 

Observatio
n station 

May 10, 
2007 

A transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629229 572371 

A3-
ObsS
tn GC/JC 3a 

Observatio
n station 

May 10, 
2007 

A transect 
(Observatio
nStn) tower obs stn 3 2 1 2 5629037 570705 

B00 GC/BS 3a 
Ground 
Inspection 

July 24, 
2006 B transect 

Ligusticum calderi along 
small pools and sloped 
drainage towards lake 4 2 2 2 5629657 572217 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

B01 GC/JC 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

2 photo roost site (2200), 
open bog 2500 where 
crane flew, footprint 
(10cm longx13cm wide) 3 2 1 2 5629311 572101 

B02 GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

2 cranes - 2 photos (1600 
& 3200) 3 2 1 2 5628523 571913 

B03 GC/BS 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

Feather near open water 
wetland 3 2 1 2 5628465 570957 

B04 JC/GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect Juncus 3 2 1 2 5628449 571095 

B05 BS/GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect Lake shore 3 2 1 2 5630125 572022 

B06 BS/GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect Ligusticum calderi 3 2 1 2 5628782 572338 

B07 GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect Ligusticum calderi 3 2 1 2 5628782 572301 

B08 LS 3b 
Visual 
Inspection 

July 24, 
2006 B transect 

2 Ligusticum calderi 
plants in/near bog forest 
(Ledumgro, Veravir, 
Fauria) 15% slope 3 4 3 3 5629227 572225 

B09 GC 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

>100 Ligusticum plants, 
associated with open 
sinuous drainage 
channels (2 photos - 1 
north, 2 bearing post) 3 2 1 2 5629012 571833 

B10 LS 3b 
Visual 
Inspection 

July 24, 
2006 B transect 

Ligusticum calderi 1 
photo 3 4 3 3 5628912 571574 

B11 BS 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

Ligusticum calderi 2 
photos near tower 3 2 2 2 5628918 570778 

B12 GC/JC 3a 
Visual 
Inspection 

July 24, 
2006 B transect 

open cottongrass 
meadow (poor fen) with 
Senecio, drainage 
channels richer with 
Ligusticum calderi and 
Lysichiton americanum 3 2 1 2 5628464 570788 

B13 RC 3b 
Visual 
Inspection 

July 24, 
2006 B transect moss/liverwort collection 3 3 4 4 5628646 572465 

B14 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Crane nest potential (2) 
habitat photo 2400 black 
bear scat nearby, feather 

3 2 1 2 5628429 571010 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

nearby 

B15 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Crane nest potential (3) 
east photo 3 2 1 2 5628527 570980 

B16 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect Crane nest potential (3) 3 2 1 2 5628441 570469 

B17 GC/BP 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Crane nest potential (1) 
egg shells 3 2 1 2 5628618 570480 

B18 GC/BS 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Crane nest potential (1) 
feathers with scat on 
roost or nest 3 2 1 2 5628708 570288 

B19 LS 3b 
Visual 
Inspection 

July 25, 
2006 

Nahwitti 
Forest 
Service 
Road km26  3 4 3 3 5620732 576365 

B1-
ObsS
tn HS 7 

Observatio
n station 

July 25, 
2006 

B transect 
(Observatio
nStn) camp obs stn; old forest 4 5 6 5 5629546 572113 

B20 SDg 7 
Visual 
Inspection 

July 25, 
2006 

Observation
Stn RoadPt  2 4 3 3 5629030 571302 

B21 HS/SDg 7 
Visual 
Inspection 

July 25, 
2006 

Observation
Stn RoadPt  3 2 1 2 5629233 571057 

B22 HS 7 
Visual 
Inspection 

July 25, 
2006 

Observation
Stn RoadPt  5 5 6 5 5629348 571021 

B23 GC/JC 3a 
Ground 
Inspection 

July 25, 
2006 B transect 

Senecio moresbiensis & 
Ligusticum calderi 20m 
from road 3 2 1 2 5629512 572217 

B24 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect Senecio moresbiensis 3 2 1 2 5629386 572097 

B25 GC/JC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Senecio moresbiensis; 
Cottongrass association 3 2 1 2 5629156 572097 

B26 GC/BS 3a 
Visual 
Inspection 

July 25, 
2006 B transect Senecio moresbiensis 4 2 1 2 5628756 572408 

B27 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect Senecio moresbiensis 3 2 1 2 5628620 572004 

B28 JC/GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Senecio moresbiensis; 3 
photos (1 crane scat, 2 
Senecio, 3 cottongrass 
meadow, 4 Senecio)  3 2 1 2 5629165 571963 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

B29 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Senecio moresbiensis; 2 
photos (1 Senecio, 
cottongrass north) 3 2 1 2 5629122 571777 

B2-
ObsS
tn PS 3b 

Observatio
n station 

July 25, 
2006 

B transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629230 572372 

B30 GC/JC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Senecio moresbiensis; 1 
photo (wind monitoring 
tower - road ruts) 3 2 1 2 5629077 570761 

B31 BS 2b 
Visual 
Inspection 

July 25, 
2006 B transect Sparganium 3 2 1 2 5628691 572034 

B32 LS 3b 
Visual 
Inspection 

July 25, 
2006 B transect Tylia lake 3 4 3 3 5629050 571600 

B33 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect Tylia lake 3 2 1 2 5628700 571000 

B34 GC/JC 3a 
Visual 
Inspection 

July 25, 
2006 B transect Tylia lake 3 2 1 2 5629300 570150 

B35 GC 3a 
Visual 
Inspection 

July 25, 
2006 B transect 

Crane nest potential (3) 
small open water habitat 
veg islands 1 photo east 
30x10m 
(Siphula,Cladina,Racomi
trium - whiteness) 3 2 1 2 5628516 570968 

B3-
ObsS
tn GC/JC 3a 

Observatio
n station 

July 25, 
2006 

B transect 
(Observatio
nStn) Tower 3 2 1 2 5629037 570705 

C01 BS 2b 
Ground 
inspection 

June 7, 
2007 C transect  3 2 1 2 5629403 572102 

C02 LS/HS 7 
Ground 
inspection 

June 7, 
2007 C transect  3 2 1 2 5629108 571743 

C03 PS 3a 
Ground 
inspection 

June 7, 
2007 C transect  2 4 3 3 5629137 571683 

C04 GC 3a 
Ground 
inspection 

June 7, 
2007 C transect  3 2 1 2 5629183 571715 

C05 GC 3a 
Ground 
inspection 

June 8, 
2007 C transect  3 2 1 2 5629477 572108 

C06 GC/JC 3a 
Ground 
inspection 

June 8, 
2007 C transect  3 2 1 2 5628743 572413 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

C07 GC 3a 
Ground 
inspection 

June 8, 
2007 C transect  3 2 1 2 5628553 571897 

C08 HS 7 
Ground 
inspection 

June 8, 
2007 C transect  5 4 6 5 5629581 572136 

C09 BS/GC 3a 
Ground 
inspection 

June 8, 
2007 C transect  3 2 1 2 5628945 570759 

C10 GC 3a 
Ground 
inspection 

June 8, 
2007 C transect  3 2 1 2 5628769 570279 

C11 LS 7 
Ground 
inspection 

June 8, 
2007 C transect  3 4 5 4 5629130 570886 

C12 JC 3a 

Ground 
inspection - 
Quadrat 

June 8, 
2007 C transect  3 2 1 2 5628714 570532 

C13 PS 3a 

Ground 
inspection - 
Quadrat 

June 8, 
2007 C transect  3 3 3 3 5628789 570581 

C14 GC 3a 

Ground 
inspection - 
Quadrat 

June 8, 
2007 C transect  3 2 1 2 5628876 570636 

C15 LS 7 

Ground 
inspection - 
Quadrat 

June 8, 
2007 C transect  5 5 6 5 5628967 570676 

C16 GC 3a 

Ground 
inspection - 
Quadrat 

June 8, 
2007 C transect  3 2 1 2 5628994 570811 

C1-
ObsS
tn HS 7 

Observatio
n station 

June 7, 
2007 

C transect 
(Observatio
nStn) 

camp obs stn; cranes 
flying to and from lake 
across road 4 5 6 5 5629546 572113 

C2-
ObsS
tn PS 3b 

Observatio
n station 

June 7, 
2007 

C transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629230 572372 

C3-
ObsS
tn GC/JC 3a 

Observatio
n station 

June 8, 
2007 

C transect 
(Observatio
nStn) tower obs stn 3 2 1 2 5629037 570705 

HA1
3 GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

small bog with adjacent 
stunted bog forest - low 
to moderate habitat; 
southern portion of study 
area - weather tower 3 3 2 3 5622317 573203 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

HA1
4 HS 7 Heli visual 

May 9, 
2007 

Heli 
transect A 

nutrient-medium, 
productive old forest; 
wildlife trees 5 6 6 6 5622058 572209 

HA1
5 GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog within bog 
forest matrix - good 
breeding habitat 3 3 2 3 5622526 572669 

HA1
6 GC/BS 3a/2b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog with pools and 
drainage channels - good 
breeding habitat 3 2 1 2 5622414 572345 

HA1
7 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog with drainage 
channels - good breeding 
habitat; two cranes near 
open water bog; no nest 
found 3 3 3 3 5622390 571968 

HA1
8 GC/BS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

large open bog with 
several ponds and 
drainage channels - 
moderate breeding 
habitat 3 2 1 2 5622461 571727 

HA1
9 GC/BS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

large open bog with 
several ponds and 
drainage channels - 
moderate breeding 
habitat 3 2 1 2 5622606 571932 

HA2
0 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large open bog with 
several ponds and 
drainage channels - 
moderate breeding 
habitat 3 2 1 2 5622875 572258 

HA2
1 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

open water - good forage 
site; small mallard flock 5 2 5 4 5622698 571331 

HA2
2 GC/BS/LS 3a/2b/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog with poor fen 
drainage channels - 
moderate habitat 3 2 1 2 5622959 571724 

HA2
3 LS/HS 7 Heli visual 

May 9, 
2007 

Heli 
transect A bog forest 4 6 5 6 5623382 572120 

HA2
4 LS/HS 7 Heli visual 

May 9, 
2007 

Heli 
transect A bog forest 4 6 5 6 5623971 572404 

HA2
5 

PSs/JCs/L
S 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A stunted tree bog 3 4 4 4 5623912 572042 

HA2
BS/GC/LS 3a/3b Heli visual 

May 9, Heli open bog with drainage 
3 2 2 2 5623671 571716 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

6 2007 transect A channel and scrub forest 
- good habitat 

HA2
7 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

open water - good forage 
site 5 2 5 4 5623377 571221 

HA2
8 GC/JC/BS 3a/2b Heli visual 

May 9, 
2007 

Heli 
transect A 

small bog with several 
ponds and drainage 
channels - good breeding 
habitat 3 2 1 2 5622918 570840 

HA2
9 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

open water - good forage 
site 5 2 4 4 5623256 570966 

HA3
0 JC/GC 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

partly shallow, large 
rocks at surface; blanket 
bog and scrub forest 3 2 1 2 5623947 571438 

HA3
1 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
good scrub cover, many 
small open water areas 
for nest sites, some 
shallow soils, tower 
nearby; 3 cranes obs. 3 2 1 2 5624590 571757 

HA3
2 JCs/PSs 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

scrubby bog veg cover 
and shallow soils 4 3 3 3 5624635 571800 

HA3
3 

GC/JCs/L
S 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

small sloping bogs 
within poor forest 
matrix; 2 Canada geese 4 3 3 3 5624895 572019 

HA3
4 

GC/JCs/L
S 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

small sloping bogs 
within poor forest matrix 4 3 3 3 5625133 572859 

HA3
5 HS/LS 7 Heli visual 

May 9, 
2007 

Heli 
transect A 

mesic and nutrient-poor 
forest; abundant wildlife 
trees 5 6 6 6 5625649 572737 

HA3
6 JC/GC 3b Heli visual 

May 9, 
2007 

Heli 
transect A 

moderate sized sloping 
bogs within bog forest 
matrix 3 2 1 2 5626865 573363 

HA3
7 JC/GC 3b Heli visual 

May 9, 
2007 

Heli 
transect A 

moderate sized sloping 
bogs within bog forest 
matrix 3 2 1 2 5627580 573582 

HA3
8 GC/LS 3a/3b/7 Heli visual 

May 9, 
2007 

Heli 
transect A 

small open bog drainages 
within bog forests 3 3 3 3 5627880 573533 

HA3
9 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

moderate sixed bog with 
small drainage in scrub 
bog forests 3 3 2 2 5627436 573065 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

HA4
0 PS/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

scrubby bog veg cover 
and shallow soils 3 3 3 3 5627226 572847 

HA4
1 RCg/LS 3b Heli visual 

May 9, 
2007 

Heli 
transect A 

rich creek ecosystem 
within bog forest 4 3 4 4 5626908 572613 

HA4
2 PS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

scrubby bog veg cover 
and shallow soils 2 4 4 3 5625989 572218 

HA4
3 GC/JC/BS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
good scrub cover, many 
small open water areas 
for nest sites 3 2 1 2 5625706 572060 

HA4
4 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large open blanket bog 
patches with good scrub 
cover, many small open 
water areas for nest sites 3 2 1 2 5625066 571668 

HA4
5 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

open water - good forage 
site 5 2 5 4 5624627 571405 

HA4
6 GC/BS/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
good scrub cover, many 
small open water areas 
for nest sites 3 2 1 2 5624413 571224 

HA4
7 GC/BS 3a/2b Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
poor fens, good scrub 
cover, many small open 
water areas for nest sites 3 2 1 2 5623850 570880 

HA4
8 HS/SDg 7 Heli visual 

May 9, 
2007 

Heli 
transect A 

Stranby drainage? Mesic 
to rich old growth forest 5 6 6 6 5622677 570732 

HA4
9 GC/PS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

deep bog (basin) Sphag 
aust, near lake 4 5 5 5 5623510 570963 

HA5
0 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

small lake - open water - 
good forage site 5 2 5 4 5624674 571252 

HA5
1 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
drainages and good scrub 
cover, many small open 
water areas for nest sites; 
1 crane 4 5 5 5 5625791 571777 

HA5
2 RCg/LS 3b Heli visual 

May 9, 
2007 

Heli 
transect A 

rich creek ecosystem 
within bog forest 5 5 6 5 5627003 572410 

HA5
3 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large blanket bog with 
drainages and good scrub 
cover, many small open 

3 2 1 2 5627700 572850 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

water areas for nest sites 

HA5
4 JC/GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

nest site#1 - one egg was 
on nest day before. 
Depredated likely by 
raven, stunted cedar and 
shore pine <1m tall; 
juniper, sweet gale, 
crowberry, bog laurel, 
cottongrass, clubrush, 
peat-moss, liverworts, 
rock-moss, Cladina spp.; 
moderate sized drainage 
bog 3 2 1 2 5628212 573216 

HA5
5 OW  Heli visual 

May 9, 
2007 

Heli 
transect A 

open water - good forage 
site, mixed bog, poor fen 
and bog forest adjacent     5629750 572035 

HA5
6 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

moderate sized bogs 
within bog forest matrix 
- good nest sites 3 2 1 2 5630014 572399 

HA5
7 BP/GC 2c/3a Heli visual 

May 9, 
2007 

Heli 
transect A 

open water with many 
veg mounds near shelter 
and forage, good nest 
site 3 2 1 2 5630001 572724 

HA5
8 SD 7 Heli visual 

May 9, 
2007 

Heli 
transect A flight route to ocean 6 6 6 6 5634610 569846 

HA5
9 JCs/HSs 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

shallow soil and rocks at 
surface, low habitat 
value 4 5 5 5 5631348 564694 

HA6
0 JCs/HSs 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

shallow soil and rocks at 
surface, low habitat 
value; saddles between 
are bogs, moderate 4 5 5 5 5631667 565373 

HA6
1 GC/BS/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

small bog drainage 
opening, good forage 
habitat 3 2 1 2 5631504 566275 

HA6
2 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large open bog with few 
water areas, low to 
moderate 3 2 1 2 5630610 566038 

HA6
3 RC/JC/LS 7/3a/7 Heli visual 

May 9, 
2007 

Heli 
transect A 

forested drainage with 
bog openings 4 4 5 5 5629762 565921 

HA6
4 JC/GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

small bog openings 
around mixed forested 
drainages 3 2 1 2 5628343 565508 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

HA6
5 RCg/LS 7 Heli visual 

May 9, 
2007 

Heli 
transect A swamp forest gully 5 5 6 5 5627570 565328 

HA6
6 JCs/HSs 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

upper slope shallow bog 
and scrub, low habitat 4 5 5 5 5627554 566182 

HA6
7 

JCs/GC/L
S 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

partly shallow, large 
rocks at surface; blanket 
bog and scrub forest 
shelter, low to moderate 
habitat 3 2 3 3 5627374 569349 

HA6
8 

RCgp/LS/
GC 7/3b/3a Heli visual 

May 9, 
2007 

Heli 
transect A 

swamp forest gully in 
bog forest good forage 
habitat 5 5 5 5 5627386 569689 

HA6
9 BS/GC 2b/3a Heli visual 

May 9, 
2007 

Heli 
transect A 

open poor fen drainage, 
sedge-dominated, good 
forage habitat 3 2 3 3 5627388 570718 

HA7
0 GC/JC/PS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

mix of open bog 
wetlands, moderate 
forage and nest habitat 3 2 1 2 5626634 571111 

HA7
1 GC/JC/PS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog with bog pools 
and vegetation mounds, 
moderate to high habitat 3 2 1 2 5626748 569105 

HA7
2 GC/JC/BS 3a/2b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog and drainage, 
moderate to high habitat 3 2 1 2 5626089 568929 

HA7
3 GC/PS/JC 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

scrubby bog veg cover 
on raised peat and 
degraded bog pools, 
moderate habitat 3 2 3 3 5624602 568761 

HA7
4 GC/PS/JC 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

scrubby bog veg cover 
on raised peat and 
degraded bog pools, 
moderate habitat 3 2 3 3 5624051 568278 

HA7
5 JC/PS 3a Heli visual 

May 9, 
2007 

Heli 
transect A 

degraded bog with 
waterworm lichen and 
scrub bog, moderate 
habitat 3 2 3 3 5625099 566992 

HA7
6 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

mix of bog wetlands and 
shallow bog forest, 
moderate shelter and nest 
habitat 3 2 1 2 5624392 566268 

HA7
7 GC/JC/PS 3a Heli visual 

May 9, 
2007 

Heli 
transect A knob hill open bog and 

scrub flat area, low 
3 2 1 2 5624674 566154 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

habitat 

HA7
8 

JCs/GC/L
S 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

upper (shallow) slope 
bog and scrub, low 
habitat 3 2 3 3 5625630 566516 

HA7
9 JC/GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog and scrub, 
moderate habitat 3 2 3 3 5627586 566915 

HA8
0 JC/GC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog, no water, low 
to moderate habitat 3 2 3 3 5628961 567853 

HA8
1 GC/JC/BS 3a/2b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bog and poor fen 
drainage, good forage 
habitat 3 2 1 2 5629635 568232 

HA8
2 BP/GC/JC 2c/3a Heli visual 

May 9, 
2007 

Heli 
transect A 

large bog pool with veg 
mounds, good forage and 
nesting habitat 4 2 2 2 5629477 567675 

HA8
3 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

tower, open bogs with 
bog forest, not much 
water, moderate habitat 3 2 2 2 5630046 566664 

HA8
4 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

large bog pool with veg 
mounds, good forage and 
nesting habitat 3 2 2 2 5631004 566854 

HA8
5 BP/GC/JC 2c/3a Heli visual 

May 9, 
2007 

Heli 
transect A 

large bog pool with veg 
mounds, good forage and 
nesting habitat     5631932 567047 

HA8
6 GC/JC/LS 3a/3b Heli visual 

May 9, 
2007 

Heli 
transect A 

open bogs with bog 
forest, not much water, 
moderate habitat 3 2 2 2 5628393 568183 

HA8
7 beach 1a Heli visual 

May 9, 
2007 

Heli 
transect A 

Shuttleworth Bight and 
coastal lowland forests 
(NCT) 6 4 6 6 5632766 561746 

HA8
8 beach 1a Heli visual 

May 9, 
2007 

Heli 
transect A Irony Creek (NCT) 6 4 6 6 5632613 561647 

HA8
9 beach 1a Heli visual 

May 9, 
2007 

Heli 
transect A 

Shuttleworth Bight 
(NCT) 6 4 6 6 5632282 560203 

HC17 
SL site 
series 08 7 Heli visual 

June 16, 
2007 

Heli 
transect C shushartie river 6 6 6 6 5631514 579751 

HC18 
SL site 
series 08 7 Heli visual 

June 16, 
2007 

Heli 
transect C shushartie river 6 6 6 6 5632756 579511 

HC19 HS 3 Heli visual 
June 16, Heli 

fuel cache 6 6 6 6 5628250 575223 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

2007 transect C 

HC20 GC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

small open water bog - 
good nest site; several 
large vegetated mounds 3 2 1 2 5629083 571582 

HC21 GC/LS 3a/7 Heli visual 
June 16, 

2007 
Heli 
transect C 

forest edge small 
openings - low to 
moderate habitat 3 2 2 2 5627406 571327 

HC22 JC/GC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

sloped open bog - 
moderate breeding 
habitat; Myrica - 
Ligusticum present 3 2 1 2 5627241 571240 

HC23 GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open bog with small 
shallow drainages - 
moderate habitat 3 2 1 2 5627208 571128 

HC24 GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open bog with small 
shallow drainages - 
moderate habitat 3 2 1 2 5627426 570891 

HC25 BP/GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open water with veg 
mounds - good nest site 3 2 1 2 5627678 570613 

HC26 BP/GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open water with veg 
mounds - good nest site 3 2 1 2 5627829 570524 

HC27 GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

linear drainages and 
ponds - moderate nest 
potential 3 2 1 2 5628079 570474 

HC28 GC/JC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open bog with good nest, 
forage and shelter habitat 3 2 1 2 5628399 570473 

HC29 GC/JC/LS 3a/3b 
Ground 
inspection 

June 16, 
2007 

Heli 
transect C 

nest site#2 two eggs 
predated by weasel or 
raven; stunted yellow 
cedar and shore pine 1-2 
m tall; sweet gale, 
crowberry, bog laurel, 
cottongrass, clubrush, 
liverworts, feather 
mosses, Cladina spp. 3 2 1 2 5628619 570474 

HC30 GC/LS 3a/7 Heli visual 
June 16, 

2007 
Heli 
transect C 

several large open bogs 
with good nest, forage 
and shelter habitat 3 2 3 3 5629217 570227 

HC31 GC/JC/LS 3a/3b Heli visual 
June 16, 

2007 
Heli 
transect C 

several large open bogs 
with good nest, forage 
and shelter habitat 3 3 2 2 5629413 570151 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

HC32 GC/JC/BP 3a/2c Heli visual 
June 16, 

2007 
Heli 
transect C 

several large open bogs 
with moderate nest, 
forage and shelter habitat 3 2 2 2 5629766 568485 

HC33 GC/JC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

several large open bogs 
and small poor fens with 
good nest, forage and 
shelter habitat 3 2 2 2 5629616 568143 

HC34 GC/JC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

several large open bogs 
and poor fens with good 
nest, forage and shelter 
habitat 3 2 2 2 5629340 566888 

HC35 GC/LS 3a/3b/7 Heli visual 
June 16, 

2007 
Heli 
transect C 

small bog with shallow 
open water - very good 
breeding habitat 3 2 3 3 5629082 566341 

HC36 GC/JC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

Large open bog with 
ponds and drainage 
channels - moderate 
breeding habitat 3 2 2 2 5628371 567775 

HC37 GC/JC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

Large open bog with 
ponds and drainage 
channels - moderate 
breeding habitat 3 2 2 2 5627993 567715 

HC38 GC/JC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

Large open bog with 
ponds and drainage 
channels - moderate 
breeding habitat 3 2 2 2 5627700 567500 

HC39 RC/LS 7 Heli visual 
June 16, 

2007 
Heli 
transect C rocky forested drainage 4 5 5 5 5628027 566832 

HC40 JCs 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

rocky, shallow sloped 
bog 3 3 3 3 5628063 566645 

HC41 GC/BS 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

open bog with drainage 
channels - moderate 
breeding habitat 3 2 1 2 5628122 566268 

HC42 JCs/PSs 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

sloped bog (20% slope) 
low breeding habitat 3 3 3 3 5628853 566792 

HC43 RC/LS 7 Heli visual 
June 16, 

2007 
Heli 
transect C Forested drainage 4 5 5 5 5628593 567216 

HC44 JCs 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

rocky, shallow open bog 
(10% slope) 3 3 3 3 5628509 567436 

HC45 GC 3a Heli visual 
June 16, Heli drainage channels - good 

3 2 1 2 5628655 568367 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

2007 transect C forage habitat 

HC46 GC 3a Heli visual 
June 16, 

2007 
Heli 
transect C 

drainage channels - good 
forage habitat; old snag 3 2 1 2 5628702 568909 

HC47 GC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

large open bog and poor 
fen with drainage 
channels - moderate to 
good breeding habitat 3 2 1 2 5628630 569017 

HC48 GC/BS 3a/2b Heli visual 
June 16, 

2007 
Heli 
transect C 

large open bog and poor 
fen with drainage 
channels - moderate 
breeding habitat 3 2 1 2 5628732 569598 

HC49 
SL site 
series 08 7 Heli visual 

June 16, 
2007 

Heli 
transect C 

Nahwitti River 
floodplain - good 
salmon/steelhead habitat 6 6 6 6 5631813 572699 

HC50 LS/HS 7 Heli visual 
June 16, 

2007 
Heli 
transect C 

north coast trail bog 
forest 4 5 6 5 5634692 571695 

HC51 
SL site 
series 08 7 Heli visual 

June 16, 
2007 

Heli 
transect C 

Shushartie river 
floodplain 6 6 6 6 5627909 584732 

N01 GC/JC 3a 
Ground 
inspection 

May 9, 
2006 N transect 

nest site#1; small bog 
mixed with small open 
water and adjacent bog 
forest and bog scrub, 
good habitat 3 2 1 2 5629649 571995 

N02 GC/JC 3a 
Visual 
Inspection 

May 9, 
2006 N transect low shrub bog wetland 3 2 1 2 5629647 572010 

N03 GC/PS 3a 
Visual 
Inspection 

May 9, 
2006 N transect scrubby bog 2 3 3 3 5629656 572009 

N04 LS 7 
Visual 
Inspection 

May 9, 
2006 N transect bog forest 2 4 5 4 5629644 572026 

N05 HS 7 
Visual 
Inspection 

May 9, 
2006 N transect 

mesic and nutrient-poor 
forest; abundant wildlife 
trees 4 5 6 5 5629658 572050 

N06 GC 3a 
Visual 
Inspection 

May 9, 
2006 N transect  3 2 1 2 5629722 572068 

N07 JC/GC 3a 
Visual 
Inspection 

May 10, 
2006 N transect 

photo SW large rock in 
open bog (Cladina 
rang/mitis/arbuscula, 
Sphaer glob) 3 2 1 2 5629502 572116 

N08 BS 2b 
Visual May 10, 

N transect 
Usnea, Tuckerman, 

5 2 2 3 5629425 572107 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

Inspection 2006 Hypogymnia 

N09 LS/HS 7 
Visual 
Inspection 

May 10, 
2006 N transect 

overturned stump and 
tree 5m south 3 4 5 4 5629317 571938 

N10 JC 3a 
Visual 
Inspection 

May 10, 
2006 N transect 

open non-forested bog 
with high ground lichen 
cover 3 2 1 2 5629379 571863 

N11 LS 3b 
Visual 
Inspection 

May 10, 
2006 N transect 

Forest edge hollow 
hummock 2 4 5 4 5629356 572297 

N11
A RC 7 

Visual 
Inspection 

May 10, 
2006 N transect Forest edge 4 4 6 4 5629344 572298 

N12 HS 7 
Visual 
Inspection 

May 10, 
2006 N transect 

Cedar hemlock forest 
cliff face 4 5 6 5 5629329 572278 

N13 JC 3a 
Visual 
Inspection 

May 11, 
2006 N transect  3 2 1 2 5629650 571482 

N14 PS 3a 
Visual 
Inspection 

May 11, 
2006 N transect 

by road then NE to 
known 2004 crane nest, 
then SE along open bog 2 4 3 3 5629254 572434 

N15 GC/JC 3a 
Visual 
Inspection 

May 11, 
2006 N transect middle of open bog 3 2 1 2 5629207 572513 

N16 JC/BS/LS 3a 
Visual 
Inspection 

May 11, 
2006 N transect 

SW from road @ 
wetland SSW, hill SW, 
major stream crossing 3 3 3 3 5628757 572837 

N1-
ObsS
tn HS 7 

Observatio
n station 

May 9, 
2006 

N transect 
(Observatio
nStn) 

camp obs stn; old forest; 
diverse vegetation, 
Bunodophoron 
melanocarpum and 
Hemitomes congestum 4 5 6 5 5629546 572113 

N2-
ObsS
tn PS 3b 

Observatio
n station 

May 10, 
2006 

N transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629229 572371 

N3-
ObsS
tn GC/JC 3a 

Observatio
n station 

May 11, 
2006 

N transect 
(Observatio
nStn) tower obs stn 3 2 1 2 5629037 570705 

S01 JC/GC 3a 
Ground 
inspection 

April 13, 
2007 S transect open bog 3 2 1 2 5629402 572109 

S02 BS/GC 2b/3a 
Ground 
inspection 

April 13, 
2007 S transect 

poor fen, water level 
very high     5628951 572067 

S03 GC/JC 3a 
Ground April 13, 

S transect open bog 3 2 1 2 5628956 572065 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

inspection 2007 

S04 HS/LS 7 
Ground 
inspection 

April 13, 
2007 S transect 

bog forest near basin 
bog, water level very 
high 4 5 6 5 5628804 572358 

S05 GC/JC/BS 3a 
Ground 
inspection 

April 13, 
2007 S transect water level very high     5628631 572265 

S06 GC 3a 
Visual 
Inspection 

April 13, 
2007 S transect  3 2 1 2 5628658 572289 

S07 JC 3a 
Visual 
Inspection 

April 13, 
2007 S transect  3 2 1 2 5628672 572109 

S08 JC 3a 
Ground 
inspection 

April 13, 
2007 S transect  3 2 1 2 5629176 572105 

S1-
ObsS
tn HS 7 

Observatio
n station 

April 13, 
2007 

S transect 
(Observatio
nStn) camp obs stn 4 5 6 5 5629546 572113 

S2-
ObsS
tn PS 3b 

Observatio
n station 

April 13, 
2007 

S transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629230 572372 

X01 GC/JC 3a 
Ground 
inspection 

July 18, 
2007 X transect 

2 cranes no nest found; 4 
quadrats 3 2 1 2 5629665 572212 

X02 BS/GC 2b/3a 
Ground 
inspection 

July 18, 
2007 X transect  3 2 1 2 5629712 572215 

X04 JC/GC/PS 3a 
Ground 
inspection 

July 18, 
2007 X transect  3 2 2 2 5628516 572829 

X05 GC 3a 
Ground 
inspection 

July 18, 
2007 X transect  3 2 1 2 5628705 572724 

X06 GC 3a 
Ground 
inspection 

July 18, 
2007 X transect crane feathers and prints 3 2 1 2 5628700 572480 

X07 HS/LS 7 
Ground 
inspection 

July 18, 
2007 X transect  4 5 6 5 5628520 572830 

XY1-
ObsS
tn HS 7 

Observatio
n station 

May 9, 
2006 

XY transect 
(Observatio
nStn) 

camp obs stn; old forest; 
crane observations going 
to lake and back across 
road; many calls 4 5 6 5 5629546 572113 

XY2-
ObsS
tn PS 3b 

Observatio
n station 

May 10, 
2006 

XY transect 
(Observatio
nStn) obs stn at road by nest#1 2 4 3 3 5629230 572372 
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Plot # 
Ecosystem 
Mapcode 

Structural 
Stage 

Inspection 
Type 

Date 
Location 

Description 
Habitat 

Description/Evidence 

S
h

el
te

r 

F
or

ag
e 

N
es

t 

L
iv

in
g 

Northing Easting 

XY3-
ObsS
tn GC/JC 3a 

Observatio
n station 

May 11, 
2006 

XY transect 
(Observatio
nStn) tower obs stn 3 2 1 2 5629037 570705 

Y01 GC/BS 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5629907 570178 

Y02 GC/PS/JC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  2 2 3 3 5629511 570237 

Y03 GC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5629392 570147 

Y04 JC 3a 
Ground 
inspection 

July 19, 
2007 Y transect bear scat 3 2 1 2 5629493 569871 

Y05 PS 3a 
Ground 
inspection 

July 19, 
2007 Y transect  2 4 3 3 5629811 569691 

Y06 BS 3a 
Ground 
inspection 

July 19, 
2007 Y transect  4 2 2 2 5629531 569691 

Y07 GC/PS/JC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5629644 570010 

Y08 HS/LS 7 
Ground 
inspection 

July 19, 
2007 Y transect  3 5 5 5 5629472 570302 

Y09 BP/GC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5629391 570110 

Y10 GC/JC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5628777 570311 

Y11 GC 3a 
Ground 
inspection 

July 19, 
2007 Y transect  3 2 1 2 5628626 570473 

Y12 HS/LS 7 
Ground 
inspection 

July 19, 
2007 Y transect  3 5 5 5 5628492 570096 

Y13 GC/LS 3a/3b 
Ground 
inspection 

July 19, 
2007 Y transect  3 3 3 3 5628425 570992 
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Appendix C Species List with Taxonomic Names 

Trees and Shrubs 
shore pine    Pinus contorta var. contorta 
western redcedar   Thuja plicata 
yellow cedar    Chamaecyparis nootkatensis 
western hemlock   Tsuga heterophylla 
mountain hemlock   Tsuga mertensiana 
western yew    Taxus brevifolia 
red alder    Alnus rubra 
sweet gale    Myrica gale 
red huckleberry   Vaccinium parvifolium 
oval-leaved blueberry   Vaccinium ovalifolium 
Alaskan blueberry   Vaccinium alaskaense 
bog blueberry    Vaccinium uliginosum 
mountain-cranberry   Vaccinium vitis-idaea 
bog cranberry    Oxycoccus oxycoccos  
false azalea    Menziesia ferruginea 
salmonberry    Rubus spectabilis 
salal     Gaultheria shallon 
common juniper   Juniperus communis 
western bog laurel   Kalmia microphylla spp. occidentalis 
bog rosemary    Andromeda polifolia 
crowberry    Empetrum nigrum 
alpine-azalea    Loiseleuria procumbens 
Labrador tea    Ledum groenlandicum 

 

Herbs 
skunk cabbage    Lysichiton americanum 
bunchberry    Cornus canadensis 
five-leaved bramble   Rubus pedatus 
false-lily-of-the-valley  Maianthemum dilata 
northern starflower   Trientalis arctica 
deer fern    Blechnum spicant 
sword fern    Polystichum munitum 
lady fern    Athyrium filix-femina 
licorice fern    Polypodium glyccirhiza 
maidenhair fern   Adiantum pedatum 
great burnet    Sanguisorba officinalis 
common horsetail   Equisetum arvense 
Indian hellebore   Veratrum viride 
great burnet    Sanguisorba menziesia 
tufted clubrush   Trichophorum cespitosum 
white beak-rush   Rhynchospora alba 
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narrow-leaved cottongrass  Eriophorum angustifolium 
spreading rush    Juncus supiniformis 
Coville’s rush    Juncus covillei 
Merten’s rush    Juncus mertensianus 
bog rush    Juncus stygius 
small-flowered wood-rush  Luzula parviflora 
swaying bulrush   Schoenoplectus subterminalis 
creeping spike-rush   Eleocharis palustris 
Kamchatka spike-rush   Eleocharis kamtschatica 
sitka sedge    Carex sitchensis 
water sedge    Carex aquatilis 
pale sedge    Carex livida 
several-flowered sedge  Carex pluriflora 
few-flowered sedge   Carex pauciflora 
beaked sedge    Carex utriculata 
inflated sedge    Carex exsiccata 
slough sedge    Carex obnupta 
green sedge    Carex viridula 
long-styled sedge   Carex stylosa 
tufted hairgrass   Deschampsia cespitosa 
Alaska bentgrass   Agrostis aequivalvis 
Bluejoint    Calamagrostis canadensis 
deer cabbage    Fauria crista-galli 
broadpetal gentian   Gentiana platypetala Griseb. 
swamp gentian   Gentiana douglasiana 
fern-leaved goldthread  Coptis asplenifolia 
three-leaved goldthread  Coptis trifolia 
white bog-orchid   Platanthera dilatata 
northwestern twayblade  Listera caurina 
heart-leaved twayblade  Listera cordata 
ladies’ tresses    Spiranthes romanzoffiana 
fairyslipper    Calypso bulbosa 
rattlesnake-plantain   Goodyera oblongifolia 
chocolate lily    Fritillaria lanceolata 
buckbean    Menyanthes trifoliata 
northern bur-reed   Sparganium hyperboreum 
Jeffrey’s shootingstar   Dodecatheon jeffreyi 
Queen Charlotte butterweed  Senecio moresbiensis 
apargidium    Microseris borealis 
subalpine daisy   Erigeron peregrinus 
round-leaved sundew   Drosera rotundifolia 
great sundew    Drosera angelica 
common butterwort   Pinguicula vulgaris 
sticky false asphodel   Triantha glutinosa 
Alaska plantain   Plantago macrocarpa 
yellow pond-lily   Nuphar lutea ssp. polysepala 
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lesser bladderwort   Utricularia minor 
pondweed    Potamogeton sp. 
Vancouver groundcone   Boschniakia hookeri 
club spikemoss; mountain-moss Selaginella selaginoides  
tree groundpine   Lycopodium dendroideum 
 
Moss, Liverwort and Lichen 
poor-fen peat-moss   Sphagnum angustifolium  
Austin`s (tough) peat-moss  Sphagnum austinii  
shaggy peat    Sphagnum squarrosum  
common red peat-moss  Sphagnum capillifolium 
compact peat-moss   Sphagnum compactum  
Magellanic peat-moss   Sphagnum magellanicum  
brown-stemmed peat-moss  Sphagnum lindbergii  
common brown peat-moss  Sphagnum fuscum  
soft peat-moss    Sphagnum tenellum  
fat peat-moss    Sphagnum papillosum  
yellow-green rock-moss  Racomitrium heterostichum  
hoary rock-moss   Racomitrium lanuginosum  
palm tree moss   Leucolepis acanthoneuron 
blunt-leaved moss   Scleropodium obtusifolium 
red-stemmed feathermoss  Pleurozium schreberi 
coastal leafy moss   Plagiomnium insigne 
Starke`s fork-moss   Kiaeria starkei 
variable moss    Isothecium stoloniferum 
flat-moss    Plagiothecium undulatum  
small flat-moss   Pseudotaxiphyllum elegans 
coiled-leaf claw-moss   Hypnum circinale 
black fish-hook moss   Campylopus atrovirens  
large leafy moss   Rhizomnium glabrescens 
curly thatch-moss   Dicranoweisia cirrata 
Lyell`s bristle-moss   Orthotrichum lyellii 
curly heron`s-bill moss  Dicranium fuscescens 
shining clear-moss   Hookeria lucens 
common scissor-leaf liverwort Herbertus aduncus 
purple-worm liverwort  Pleurozia purpurea 
hard-scale liverwort   Mylia taylorii 
three-toothed whip liverwort  Bazzania tricrenata 
yellow-ladle liverwort   Scapania bolanderi  
maritime reindeer lichen  Cladina portentosa ssp. pacifica 
grey reindeer lichen   Cladina rangiferina 
beard lichen    Usnea longissima 
northern fancoral   Bunodophoron melanocarpum 
globe ball lichen   Sphaerophorus globosus 
tickertape bone   Hypogymnia duplicate 



Sandhill Crane Nesting Habitat 138 

 

ragbag     Platismatia glauca 
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Appendix D Sandhill Crane Suitability Ratings by Ecosystem Map Code 
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Area 

open water 0.11 aquatic 
O
W     none   6 2 5 4 12.9 0.11 

bog pool 0.11 aquatic BP     2 c 5 1 3 3 12.5 0.11 

poor fen 

4.10 

non-forested 
sedge BS     2 b 5 2 2 3 237.5 2.10 

poor fen 
non-forested 
sedge-low shrub BS     3 a 4 2 2 3 230.6 2.04 

blanket bog 

27.40 

non-forested 
sedge-peat moss GC     2 b 4 2 2 3 137.4 1.22 

blanket bog 
non-forested 
sedge-low shrub GC     3 a 3 2 1 2 1,348.4 11.93 

blanket bog 
(degraded peat) 

non-forested 
sedge-low shrub JC     3 a 3 2 1 2 1606 14.21 

slope bog 
shallow, rocky 13.00 

non-forested 
sedge-low shrub JC s   3 a 3 3 3 3 1,474.5 13.04 

raised bog, low 
shrub 

10.30 

non-forested 
shrub PS     3 a 2 4 3 3 416.7 3.69 

raised bog, tall 
shrub 

non-forested 
shrub PS     3 b 2 4 3 3 184.3 1.63 

raised bog, 
shallow, rocky 

non-forested 
shrub PS s   3 a 3 5 4 4 510.9 4.52 

raised bog, 
shallow, rocky 

non-forested 
shrub PS s   3 b 3 5 4 4 32.9 0.29 

mesic forest 13.90 

harvested HS     3   6 6 6 6 2.3 0.02 

harvested HS     4   6 6 6 6 21.8 0.19 

forested HS     7   4 5 6 5 341.9 3.02 
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forested HS h   7   4 5 6 5 845.8 7.48 

stunted forest HS h s 3 b 5 5 6 5 1.6 0.01 

forested HS h s 7   5 6 6 5 23.9 0.21 

harvested HS k   3   6 6 6 6 1.6 0.01 

forested HS k   6   5 6 6 5 0.6 0.01 

forested HS k   7   4 5 6 5 126.2 1.12 

forested HS k s 7   5 6 6 5 5.6 0.05 

stunted forest HS s   3 b 5 4 5 5 1.1 0.01 

forested HS s   7   4 5 6 5 9.1 0.08 

stunted forest HS s w 3 b 5 5 6 5 0.6 0.01 

forested HS s w 7   5 5 6 5 7.7 0.07 

harvested HS w   3   6 6 6 6 6.1 0.05 

forested HS w   7   5 6 6 5 157.4 1.39 

bog forest 23.50 

stunted forest LS     3 b 3 4 3 3 815.2 7.21 

forested LS     6   2 4 5 4 4.8 0.04 

forested LS     7   2 4 5 4 1,835.9 16.24 

stunted forest LS s   3 b 3 4 5 4 2.5 0.02 

swamp forest 5.70 

stunted forest RC p   3 b 3 4 5 4 20.8 0.18 

forested RC p   7   4 4 6 4 470.8 4.16 

forested RC g   7   5 5 6 5 19.75 0.17 

stunted forest RC g p 3 b 4 5 5 4 21.7 0.19 

forested RC g p 7   5 5 5 5 110.7 0.98 
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gully forest 2.15 

harvested SD k   3   6 6 6 6 0.28 0.00 

forested SD k   6   5 6 6 5 0.26 0.00 

forested SD k   7   5 5 6 5 29.2 0.26 

harvested SD g   3   6 6 6 6 2.1 0.02 

harvested SD g   4   6 6 6 6 5.5 0.05 

harvested SD g   5   6 6 6 6 1 0.01 

forested SD g   7   5 5 6 5 202.7 1.79 

forested SD g k 7   5 5 6 5 2.7 0.02 

forested SD w   7   5 5 6 5 0.55 0.00 

    harvested CF     3 a 5 5 5 5 1.1 0.01 

11305.44   

 


