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EXECUTIVE SUMMARY 

Background 

This report presents a comprehensive ecosystem spatial analysis for the Haida Gwaii, Central 
Coast, and North Coast regions of British Columbia. This region has a land area of 11 million 
hectares; its sea area is another 11 million hectares. Over 95% or the land area is designated 
crown land and is managed by the Government of British Columbia. In addition to productive, 
structurally-diverse old-growth ecosystems and unique bog complexes, important ecological 
elements in the region include unregulated rivers supporting large populations of spawning 
salmon and grizzly bears, estuaries, kelp beds, seabird colonies, archipelago/fjord terrain, deep 
fjord and cryptodepression lakes, and intertidal flats with abundant invertebrates and resident 
and migratory waterbirds. Haida Gwaii is an especially significant part of the region, containing 
an insular biota with distinctive, disjunct, and endemic taxa. The diversity of species within the 
CIT region is far greater than previously thought, but still incompletely known.  

Two major land-use and resource-management planning processes (LRMPs) are underway in the 
region: the Central Coast LRMP and the North Coast LRMP. The Haida Gwaii/Queen Charlotte 
Islands Plan is in development (Map 1). Their purpose is to enable all parties to reach agreement 
on those lands and resources to be protected and those to be developed, where, and how. The 
Coast Information Team (CIT) was established by the Provincial Government of British 
Columbia, First Nations, environmental groups, and forest products companies to provide 
independent information on the region using the best available scientific, technical, traditional, 
and local knowledge. The CIT’s information and analyses, which include this ecosystem spatial 
analysis, are intended to assist First Nations and the three ongoing subregional planning 
processes to make decisions that will achieve ecosystem-based management. 

This study is unique in that it integrates analysis of the biological values of terrestrial, freshwater, 
and marine ecosystems across this vast region. The purpose of the ecosystem spatial analysis is to 
identify priority areas for biodiversity conservation and, ultimately, to serve four well-accepted 
goals of conservation: 1) represent ecosystems across their natural range of variation; 2) maintain 
viable populations of native species; 3) sustain ecological and evolutionary processes within an 
acceptable range of variability; and 4) build a conservation network that is resilient to 
environmental change. In pursuit of these goals, the ESA integrates three basic approaches to 
conservation planning: 

• Representation of a broad spectrum of environmental variation (e.g., vegetation, terrestrial 
abiotic, and freshwater and marine habitat classes).  

• Protection of special elements: concentrations of ecological communities; rare or at-risk 
ecological communities; rare physical habitats; concentrations of species; locations of at-risk 
species; locations of highly valued species or their critical habitats; locations of major genetic 
variants.  

• Conservation of critical habitats of focal species, whose needs help planners address issues of 
habitat area, configuration, and quality. These are species that (a) need large areas or several 
well connected areas, or (b) are sensitive to human disturbance, and (c) for which sound 
habitat-suitability models are available or can be constructed. 
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Information obtained from this approach can be used with a computerized site-selection 
algorithm to create a conservation solution or “portfolio” of landscapes and seascapes, which 
when taken together and managed appropriately, would ensure the long-term survival of the 
region’s biodiversity. Our team used the best available information for this assessment but 
recognizes that new and more comprehensive data will continually become available. Therefore, 
the ESA should be regarded as an initial step in an iterative assessment process. 

Regional Classification 

One advantage of a regional approach to planning is that it can place any landscape feature in a 
local, regional, or global context. A second important advantage is that species, plant 
communities, and other conservation targets can be considered together within an environmental 
framework that shaped their evolution and continues to shape their interactions. The Ecoregion 
Classification system in common use in Canada stratifies British Columbia's terrestrial and 
marine ecosystem complexity into discrete geographical units at five levels: Ecodomains, 
Ecodivisions, Ecoprovinces, Ecoregions, and Ecosections. The lower levels in this classification 
describe areas of similar climate, physiography, oceanography, hydrology, vegetation, and 
wildlife potential. 

The  CIT Study area falls within the Coast and Mountains Ecoprovince of BC. This Ecoprovince 
extends from coastal Alaska to coastal Oregon. In British Columbia it includes the windward side 
of the Coast Mountains and Vancouver Island, all of the Queen Charlotte Islands, and the 
Continental Shelf including Dixon Entrance, Hecate Strait, Queen Charlotte Strait, and the 
Vancouver Island Shelf. The Coast and Mountains Ecoprovince consists of the large coastal 
mountains, a broad coastal trough and the associated lowlands, islands and continental shelf, as 
well as the insular mountains on Vancouver Island and the Queen Charlotte Islands archipelago. 
The study area overlaps with a total of five terrestrial based ecoregions encompassing 10 
ecosections (Map 2). A sixth ecoregion is dominated by the open water marine environment and 
can be further divided into four marine ecosections .  

In addition to using terrestrial-based classifications for stratifying the study area, we delineated 
broad Ecological Drainage Units (EDUs) as part of a freshwater ecosystem classification 
framework (Map 3). EDUs are groups of watersheds that share a common zoogeographic history 
and physiographic and climatic characteristics. EDUs contain sets of freshwater ecosystem types 
with similar patterns of drainage density, gradient, hydrologic characteristics, and connectivity. 
Identifying and describing EDUs allows us to stratify the study area into smaller units so we can 
better evaluate patterns of freshwater community diversity. Additionally, EDUs provide a means 
to stratify the study area to set conservation goals.  

Terrestrial Targets 

Terrestrial Special Elements  

Special element targets were initially selected based on conservation status at various scales. The 
initial list of targets was then reviewed by experts and pared down on the basis of this review. 
Element occurrence data were collected from all known sources, with most from the BC 
Conservation Data Centre, which collects and maintains data on rare and endangered species and 
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other features in the province. Data were screened based on their quality and reliability. Extinct, 
extirpated, and historic species occurrences were removed, as were animal occurrences older 
than 25 years and plant occurrences older than 40 years. The special elements database consists of 
110 targets (75 vascular plants, 9 birds, 5 mammals, and 21 rare plant communities). Spatial data 
was obtained for 72 targets (Map 4).  

The special-element dataset is small, with relatively few actual point and polygon locations. The 
majority of element occurrence data is on Haida Gwaii/QCI, reflecting an uneven distribution of 
surveying effort. Although there are concerns regarding biased survey data – i.e., surveys close to 
roads - special elements need to be protected where they are known to occur. To that end, instead 
of using these data as an input to the site selection algorithm, a post hoc analysis was conducted 
that simply overlaid the existing known occurrences of these elements onto the results emerging 
from the analysis.  

Terrestrial Ecosystem Representation 

Two complementary regional ecosystem classification systems exist in BC:  1) The 
ecoregion/ecosection classification, which describes broad regional ecosystems based on the 
interaction of climate and physiography. 2) The Biogeoclimatic Ecosystem Classification (BEC), 
which delineates ecological zones (biogeoclimatic units) by vegetation, soils, and climate. We 
used both systems and applied two independent classification methods to assess the 
representation of ecosystems in the study region.    

The BEC delineates ecological zones (biogeoclimatic units) by vegetation, soils, and climate. We 
combined BEC information with site productivity (taken from site index in the BC forest cover 
data), to delineate terrestrial ecosystems, with the assumption that site productivity correlates 
with areas that have climax, or old growth, ecosystem characteristics (Map 5). We assumed that 
impacted areas of the same BEC and site index as intact areas will have similar old growth 
characteristics; we also assumed a relatively low level of natural disturbance. This method also 
allows us to preferentially identify and represent intact areas, and then represent comparable 
impacted areas for potential restoration, only if necessary in order to meet ecosystem 
representation goals.     

Site index was grouped into three classes (Low  = 1 –14, Medium = 15 – 21 and High  > 22). BEC 
zones were taken from the BC biogeoclimatic classification coverage. We treated separate 
variants and subzones as separate units because in some areas, variants were not defined. 
Logging data were taken from several sources; when there was a discrepancy, we considered 
areas logged and set age class = 1. Historical abundance of each ecosystem type was calculated as 
the sum of area for all seral stages.    

Goals for the site-selection algorithm were set varying from 30% to 70% representation in 10% 
increments based on historical abundance of ecosystem type. However, for some ecosystem 
types, the representation goal exceeded the remaining intact forest. Representation targets were 
selected from areas that had both Site Index and Species information (i.e. with known vegetation 
information), to eliminate bare rock and ice areas. We applied the following rules for goal-setting: 
1) If a representation goal can be met using intact areas (i.e. target <= remaining forest), no goal 
was set for logged areas; goals for remaining forest were based on historical abundance estimates. 
2) If impacts equal or exceed 85%, the remaining old-growth forest and young intact forest goals 
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were set to 100%, and the goal for logged forest was set as the difference between the overall 
representation target area and the remaining intact forest area using a formula: Logged forest 
area target (ha)  = representation goal /100 * historical area (ha) – (old growth (ha) + intact young 
forest (ha)). 3) Where impacts were less than 85%, a 95% target was set for intact areas, with 
remaining representation target set using logged areas as above.   

To complement the Site Productivity and BEC method for identifying ecosystems, we combined 
floristic and structural data to identify focal ecological systems (Map 6). At least twenty-five 
species of conifers and inhabit the coastal rainforest of BC; we used size class, inventory type 
group, and age class to define and delineate stands of old-growth and woodland areas based on 
both floristic and structural characteristics. We grouped inventory type groups to identify 
ecological systems and, because forest ecosystems differ across the region depending on the 
physical environment and other factors, we stratified goal setting by ecosection. This method 
allowed us to represent a full range of ecosystem types without the need to know exactly which 
ecosystem or community type is present. Focal ecosystems were defined as unique combinations 
of structure, ecological system, and ecosection. Goals for focal ecosystems were varied from 30% 
to 70% in 10% increments.  

Terrestrial Focal Species  
Marbled Murrelet  

The Marbled Murrelet is a small seabird whose biology has given it an unusually important role 
in resource management in British Columbia. With only a few exceptions, its nests are in old-
growth forest. The Marbled Murrelet was chosen as a focal species due to conservation concerns 
over loss of nesting habitat and increased predation risk from forestry activity. There is also 
increasing concern for the influences of human activity on its survival at sea.  

The habitat-suitability model for this species was based on the Conservation Assessment 
developed for the Marbled Murrelet Recovery Team. We ran two versions of the model. The first 
version included the habitats most likely to be preferred by the murrelets. Restrictions on 
elevation and distance from shore were removed in the second run and  the habitat extended 
further inland. Only the first run with its restricted criteria was used for site selection (Map 7). 

The model showed a widespread distribution of murrelet habitat without any strong 
concentrations or significant isolated pockets. Most lowland areas and valley bottoms were 
included. Sites for known nests were captured in the Queen Charlotte Islands, but many of the 
nest sites around Mussel Inlet occurred at too high an elevation to be captured. The model 
indicated the presence of 216,093 hectares (ha) of the most likely habitat on the Queen Charlotte 
Islands. No areas were added by relaxing the criteria. There were 359,699 ha on the Central 
Mainland Coast and 154,736 ha on the Northern Mainland Coast that increased by 16,356 ha and 
2,858 ha respectively, when the criteria were relaxed. The model provides a general picture of the 
distribution of murrelet habitat along the coast of BC, but provides no information about 
variation in quality or usage.  

Northern Goshawk  

The Northern Goshawk is a broad-winged, long-tailed raptor of medium size adapted to forest 
habitats. It was chosen as a focal species because of its strong association with mature/old 
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growth coniferous forests for foraging and nesting, and the possible impacts to this habitat from 
forestry activities. Within the CIT study area there are two subspecies of Northern Goshawk.  

A goshawk breeding territory has three hierarchical components: nest area, post-fledging area, 
and foraging area. Habitat-suitability models for the nest area (Map 8) and foraging area  (Map 9) 
components of a goshawk territory were developed for the three LRMP areas in the study region. 
The models are based on those developed for the North Coast Forest District and combined 
expert opinion, observed habitat characteristics at goshawk nest areas in the Coastal Western 
Hemlock biogeoclimatic zone, and relevant literature. Goshawks consistently select key structural 
attributes and forest species composition for nesting. The foraging area is the entire area used by 
the adults. Goshawk diets are dominated by prey associated with mature forests, which favours 
hunting primarily in mature/old growth forest areas with high canopy closure and a clear 
understory. The output of the model was a grid with habitat suitability ratings.  

Sitka Black-Tailed Deer  

The Sitka black-tailed deer was chosen as a focal species for the Central Coast and North Coast 
portions of the study area because loss of old-growth forest cover has a high potential to 
negatively affect deer populations. The complex canopy structure of old-growth forests allows 
sufficient light to penetrate, promoting the growth of a diverse set of vascular and non-vascular 
plants for forage, as well as providing for interception of snow. Deer abundances also ultimately 
affect predator-prey relationships.  

We targeted Sitka black tailed deer winter range as a key component of their habitat, which acts 
as a limiting factor in deer abundance. The amount and duration of snowfall an area receives 
strongly influences its ability to support deer. During periods of deep and prolonged snow, deer 
look for old, high-volume forests on gentle to moderate slopes at low elevations.  

The Sitka black-tailed deer winter range model is based on an “old-growth, deer winter-range” 
model. We applied a GIS to spatially identify deer winter range in the study area. Deer winter 
range habitat was only modeled for the Central and North Coast portions of the study area, as 
black-tailed deer introduced to Haida Gwaii/QCI have experienced a population explosion due 
to lack of natural predators, destroying and significantly altering plant communities and 
ecosystems throughout the islands. 

The model identifies 688,775 ha of critical black-tailed deer winter range in the study area 
(517,835 ha in the Central Coast and 170,628 ha in the North Coast). Habitat was distributed 
evenly throughout the two LRMP areas and as expected, in areas featuring older coastal western 
hemlock forests including many of the islands. Modifications to the model suggested by 
reviewers (e.g., the inclusion of aspect, possibly exposure, and the removal of slope steepness) 
would more accurately reflect critical black-tailed deer winter range in the study area. However, 
due to time and capacity constraints, the ESA focal species team was not able to modify and 
rerun the model based on expert review recommendations. As a result, the model was not used 
as an input to the site-selection algorithm. However, a post hoc analysis comparing the site 
selection algorithm outputs with output from the deer winter range model shows that the site 
selection included [x] % of deer winter range identified by the model.  
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Mountain Goat 

The mountain goat occupies steep, rugged terrain in the mountains of northwestern North 
America. British Columbia is home to up to 60 percent of the continental mountain goat 
population. Generally, mountain goats inhabit alpine and subalpine habitats in all of the 
mountain ranges of the province. The characteristically rugged terrain is comprised of cliffs, 
ledges, projecting pinnacles, and talus slopes. The availability of winter range may be limiting. 
Winter habitats may be low elevation habitats where snow accumulation is low, or high elevation 
habitats where wind, sun or precipitous terrain adequately shed snow from foraging habitats. In 
coastal BC areas, mountain goats generally move to south-facing, forested areas that offer 
reduced snow loading and increased access to foraging. The mountain goat was selected as a 
focal species because of its sensitivity to direct impacts of forest cover removal from in limited 
winter ranges, as well as the potential direct and indirect mortality associated with increased 
access to human activity.  

In many regions of the study area, past surveys and fine-scale habitat modeling has identified 
present populations and associated winter habitats. These data and the modeling results were 
used to identify the highest priority mountain goat areas in the region. Additionally, a coarse-
scale, spatially-explicit model was developed to predict potential mountain goat winter habitats 
in areas not included by these previous efforts, and also to predict potential future habitat 
potential (i.e., habitat capability). This effort builds on the foundational GIS-based modeling used 
to identify areas for finer-scale habitat identification.  

The combined models identified approximately 300,000 ha of occupied winter goat habitat in the 
CIT study area. These habitats are not equally distributed across the study area, due to the 
project-specific nature of the data. The CIT-wide potential winter habitat model overlaps 65% of 
these occupied winter mountain goat habitats, and predicts additional potential winter habitat 
across the study area (Map 10).  

Grizzly bear  

Grizzly bears are found throughout coastal British Columbia, with the exception of the Georgia 
Depression Ecoprovince, Vancouver Island, Queen Charlotte Islands, and the Coastal Douglas-fir 
(CDF) biogeoclimatic zone. Coastal grizzly bears are mostly solitary, intra-specifically aggressive 
omnivores that typically have large seasonal and annual home ranges. They require habitat that 
provides for their nutritional, security, thermal, reproductive and “space” needs. To meet these 
varied needs, bears use an array of habitats, ranging from subalpine to valley bottom, old-growth 
to young forest, and wetlands to dry areas. With the exception of denning areas and avalanche 
chutes, the prime habitat of coastal grizzlies occurs predominantly below treeline and is largely 
concentrated in valley-bottom ecosystems often associated with important salmon streams. 
Grizzly bears were chosen as focal species for the CIT ESA because they can be keystone species 
(transporting salmon away from spawning channels), indicators (because they are susceptible to 
a wide variety of human influences and have low population densities), and umbrellas 
(representing a number of species because of their use of such a wide variety of habitats).  

The CIT ESA grizzly bear model is a developmental extension of the provincial grizzly bear 
estimation process commonly referred to as the Fuhr-Demarchi method. The premise behind the 
approach is that different ecological units vary in their ability to support grizzly bear food 
resources and that such variations are linked (linearly) to bear density. Instead of attempting to 
translate habitat effectiveness into bear density, the model used here simply reports grizzly bear 
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habitat effectiveness across the region. The model used the following data as indicators of habitat 
capability and suitability: 1) Broad Ecosystem Units (BEU); 2) TRIM 1:20,000 Digital Elevation 
Model (DEM); 3) Salmon biomass estimates; and 4) Roads/road density.  

The primary model outputs are habitat effectiveness ratings for each of the 5983 modeled 
watersheds in occupied grizzly bear range within the study area (Map 11). A parallel coverage of 
target effectiveness classes was also produced. Comparison of the current effectiveness with the 
proposed target effectiveness can be instructive: watersheds with high correspondence between 
current and proposed target effectiveness may be high priorities for protection or “light touch” 
ecosystem-based management. Watersheds with high discrepancy between current estimates and 
proposed target estimates may be good candidates for restoration, such as through road closures.  

Black Bear 

Black bears are commonly found in all biogeoclimatic zones in British Columbia. They are very 
adaptable and inhabit a wide variety of habitats, from coastal estuaries to high elevation alpine 
meadows. Grasses, sedges, and horsetails form the bulk of their diet, particularly in late spring 
and early summer. They also feed on insects, fruits, berries, fish, garbage, carrion, small 
mammals, and occasionally on young deer. In the late summer and fall, salmon spawning rivers 
and streams represent important feeding areas. Black bear habitat use is strongly influenced by 
intraspecific social interactions and the presence and activities of people.  

The black bear model is a modification of the Fuhr-Demarchi grizzly bear estimation process. The 
higher any one land area is ranked for its ability to provide black bear foods, the higher the 
density estimator attached to it. Black bear habitat was mapped only outside of grizzly bear 
range, i.e., on Haida Gwaii/QCI and along the mainland coast. Data used in creating the model 
included 1) BEI – ratings table; 2) TRIM 1:20,000 Digital Elevation Model (DEM); 3) Salmon 
biomass estimates; 4) Roads; 5) Settlements/towns/recreation user days; and 6) Shoreline – rated 
for seasonal habitat availability for foraging. 

One of the objectives of the black bear model is to propose appropriate population targets for 
conservation of the species under ecosystem-based management. As for grizzly bear, comparison 
of the current (effectiveness) estimates and densities with the proposed target estimates and 
densities can be instructive for protected areas design and for management of the landscape 
matrix. The highest quality habitats were identified on Haida Gwaii/QCI on the west side of 
Moresby Island and Graham Island (Map 11). 

Freshwater Targets 

Freshwater Special Elements 

Salmonids aside, there were little spatially explicit special element data available for freshwater 
species in the study area. Four freshwater fish species were selected for the target list. We were 
able to obtain spatial data for only the Giant black stickleback, an endemic species that is critically 
imperiled globally, with only two element occurrence records. Three amphibians were selected 
for the target list but only one had spatial data (the coastal tailed frog, also a focal species).  
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Freshwater Representation 

Freshwater ecosystems consist of a group of strongly interacting communities held together by 
shared physical habitat, environmental regimes, energy exchanges, and nutrient dynamics. 
Freshwater ecosystems are extremely dynamic in that they often change where they exist (e.g., a 
migrating river channel) and when they exist (e.g., seasonal ponds). Freshwater ecosystems fall 
into three major groups:  standing-water ecosystems (e.g., lakes and ponds); flowing-water 
ecosystems (e.g., rivers and streams); and freshwater-dependent ecosystems that interface with 
the terrestrial world (e.g., wetlands and riparian areas).  

The classification of freshwater ecosystems is a relatively new pursuit. This is the first attempt at 
a coarse-scale freshwater ecosystem classification in British Columbia. For classification purposes 
coarse-scale freshwater systems are defined as networks of streams, lakes, and wetlands that are 
distinct in geomorphological patterns, tied together by similar environmental processes and 
gradients, occur in the same part of the drainage network, and form a distinguishable drainage 
unit on a hydrography map. Coarse-scale freshwater systems are spatially nested within major 
river drainages and ecological drainage units (EDUs), and are spatially represented as watershed 
units (specifically BC Watershed Atlas third order watersheds).  

The types and distributions of freshwater systems are characterized based on abiotic factors that 
have been shown to influence the distribution of species and the spatial extent of freshwater 
communities. This method aims to capture the range of variability of freshwater system types by 
characterizing different combinations of physical habitat and environmental regimes that 
potentially result in unique freshwater communities. An advantage of this approach is that data 
on physical and geographic features (hydrography, land use and soil types, roads and dams, 
topographic relief, precipitation, etc.), which influence the formation and current condition of 
freshwater ecosystems, are widely and consistently available. 

Our freshwater ecosystem classification framework classifies environmental features of 
freshwater landscapes at two spatial scales: ecological drainage units that take into account 
regional zoogeography, climatic, and physiographic patterns; and mesoscale units that take into 
account dominant environmental and ecological processes occurring within a watershed. Seven 
abiotic variables were used to delineate coarse-scale freshwater system types: drainage area, 
underlying biogeoclimatic zone and geology, stream gradient, dominant lake/wetland features, 
glacial connectivity, and coastal connectivity. Within each drainage area class (headwaters/small 
coastal rivers, small rivers, intermediate rivers, large rivers), every watershed was classified 
according to the dominant biogeoclimatic zone it fell within, its dominant underlying geology, 
and its dominant stream gradient class. Each of these coarse scale freshwater system types were 
then further subdivided based on their characteristics of being glacially and/or coastally 
connected, and if dominant lake and wetland features were present.  

Skeena, Nass, Haida Gwaii and North and Central Coast EDUs collectively consist of 4,476 
coarse-scale freshwater ecosystems. These freshwater ecosystems were classified as follows: 

• Nass EDU -755 freshwater ecosystems classified into 74 system types; 

• Skeena EDU -1333 freshwater ecosystems classified into 182 system types; 

• North Coast -1773 freshwater ecosystems classified into 150 system types; 
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• Central Coast -496 freshwater ecosystems classified into 68 system types; and 

• Haida Gwaii -125 freshwater ecosystems classified into 30 system types. 

Freshwater Focal Species  
Tailed Frog  

The Tailed Frog (Ascaphus truei), is a highly localized, specialized species that lives in cool, swift, 
permanently flowing headwater mountain streams composed of cobble and anchored boulders 
that provide refuge for tadpoles and adults. In BC, the only Canadian province where it occurs, 
the Tailed Frog is found along the Coast Mountains, from the Lower Mainland to Portland Canal, 
north of Prince Rupert. Although its range in BC is quite extensive, there are concerns about the 
status of the Tailed Frog due to its low reproductive rate, its highly specialized habitat 
requirements, human activities within its range, and lack of knowledge about minimum viable 
population size, particularly in fragmented landscapes. Adult Tailed Frog abundance is 
positively correlated with the percent of old-growth forest in a watershed, most likely because 
these forests dampen microclimatic extremes.  

Tailed Frog populations in BC have been poorly surveyed. This is the first attempt to model 
habitat for this species at a landscape scale. Five biophysical conditions were identified as being 
critically important for Tailed Frog habitat: 1) Basin area between 0.3 and 10 km2; 2) Basins where 
the bottom elevation < 600 m and the ratio (top elevation – 900)/(900 – bottom elevation) = 
between 0.0 and 2.0; 3) Watershed ruggedness between 31 and 90%; 4) Northerly aspect in Coast 
and Mountains region and Southerly aspect in Interior regions; and 5) Forest cover age class >= 6. 
These conditions were spatially modeled within the CIT study. Habitat areas meeting all five 
biophysical conditions stated above were classified as being optimal habitat areas for Tailed Frog. 
Habitat areas meeting biophysical criteria one to three were classified as being suitable habitat 
areas for Tailed Frog.  

In total, 4, 466 km of suitable Tailed Frog stream habitat was identified within the CIT study area 
consisting of 5,155 habitat areas (Map 13). Of this suitable habitat, 2,323 km of stream habitat 
consisting of 2,486 habitat areas were determined to be optimal habitat that meets all five 
biophysical parameters within the model. There was a 60% correlation between field survey data 
and modeled suitable habitat for the Tailed Frog. 

Proposed recommendations for forestry activities in Tailed Frog habitat include leaving forested 
buffers to maintain the structure of stream channels and provide a source of shade to keep water 
temperatures cool; installing sediment traps where ditches or culverts meet creeks; deactivating 
secondary roads to minimize the input of sediment from road surfaces into streams; keeping 
heavy equipment out of stream channels to prevent on-site damage and downstream silting; and 
felling and yarding of trees away from permanent creeks to maintain slash-free water courses. 

Pacific Salmon and Steelhead 

Six species of salmon occur in BC: chinook, chum, coho, pink, and sockeye salmon, plus 
steelhead. They are wide-ranging, migratory species with life histories that integrate marine, 
freshwater, and terrestrial ecosystems. They are considered a key set of focal species not only 
because of their highly specialized life histories but also because they play a critical role in the 
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integrity of BC’s coastal ecosystems. They face critical threats across all life history stages and 
habitats. 

The Department of Fisheries and Oceans (DFO) salmon escapement database was used to assess 
trends in salmon escapement over time and compare biomass estimates across runs. DFO 
enumerates salmon escapement (number of salmon returning to their natal streams to spawn) 
annually. The present database contains escapement estimates for Pacific salmon from the 1950s 
to the present. Although the database has limitations, it is unequivocally the best survey 
information available.  

Runs with less than ten years of data were removed from the analysis and labeled as having 
insufficient data. Trends in escapement over time were calculated for each run. A simple 
classification of runs into either stable or declining escapement trend was performed. Runs with 
slopes greater than or equal to 0.0 were characterized as having stable escapement trends over 
time. Runs with slopes less than 0.0 were characterized as having declining escapement trends 
over time. Biomass estimates for each run were calculated using the median of ten-year running 
averages for each run.  

Steelhead populations are managed using a different management framework from DFO. 
Population trends were estimated from catch information collected annually from a mail-out 
survey, from test fisheries in commercial fisheries with a steelhead bycatch, and from swim 
surveys, weir counts, and creel surveys. Population status was assigned by regional biologists 
using various combinations of the above methods. Results were expressed as the number of 
spawners divided by the estimated carrying capacity of the river. Populations were assigned to 
one of three categories based on how they compared to estimated carrying capacity. Salmon 
population units (SPUs) were derived for each of the species based on existing FISS point source 
data, DFO escapement data, and expert knowledge. Escapement trends and biomass estimates 
were summarized for each SPU (Maps 14 through 21). Biomass estimates were summed for runs 
within a SPU.  

All Pacific salmon species showed a serious decline in escapement over time with 40% of these 
declines occurring in high biomass runs. Pink (even) was found to be in the best condition and 
Chum in the worst condition. Steelhead was found to be in stable condition across all EDUs 
except for Central Coast. Central Coast was in the worst condition with 80% of its salmon SPUs in 
decline. Haida Gwaii was a close second with 76% of its SPUs in decline. Coho appeared most 
stable with 53% of its SPUs containing stable runs. All summer and winter steelhead SPUs were 
stable. Most species SPUs were of low biomass (58%) except for sockeye in which 83% of its SPUs 
were high biomass runs. Nine-seven percent of summer steelhead SPUs were in decline 
compared to only 7% of steelhead winter SPUs. The majority of Pink (even and odd year) and 
Chum SPUs had high biomass runs. The majority (76%) of Pacific salmon SPUs were in decline 
within the Haida Gwaii EDU. The Central Coast EDU was found to be in the worst condition of 
all EDUs with 80% of its Pacific salmon SPUs and 48% of its steelhead (summer and winter) SPUs 
in decline. All salmon species were found to have greater than two-thirds of their SPUs in decline 
except for even year Pink (53% in decline) and steelhead (33% winter and 12% summer in 
decline). Chum had the highest proportion of its SPUs in decline (77%) followed by coho, 
sockeye, chinook, and pink (odd).  

These results indicate downward trends in escapement over time for all five species of Pacific 
salmon throughout the entire CIT study area as well as prominent declines in winter and summer 
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steelhead within the Central Coast. Causes of decline stem from multiple factors including 
climate change, changes in land use, hatcheries, and over-fishing 

Nearshore Marine Targets 

 Introduction 

We focused on the intertidal and nearshore zones in this analysis. We identified 72 conservation 
targets of which 59 were ecosystem targets (shoreline ecosystems) and 13 were special element 
targets (occurrences of marine species). This set of targets was selected to represent the full 
nearshore marine biodiversity of the region and to highlight elements that are threatened or 
declining (i.e., seabird species), or that serve as good indicators of the health of the larger 
ecosystem (i.e., intertidal habitats). The waters of the ecoregion were stratified into 8 sections 
based on British Columbia’s marine ecosections (Map 22). Ecosections are characterized as 
unique physiographic, oceanographic, and biological assemblages that are related to water depth 
and habitat (pelagic versus benthic). We performed raster-based analyses to develop a human 
impact score for all shoreline planning units (Map 23). We also used a stratification scheme based 
on project regions (Map 24).  

Nearshore Marine Special Elements 

We included as special elements species that are imperiled or keystone species and are not likely 
to be protected by ecosystem representation. With this criterion we included eight marine species 
as targets. These forage fish and seabird targets are represented as two critical life stages, 
spawning aggregations and breeding colonies. 

We had comprehensive coverage for herring and seabird colonies. The latter data set includes the 
locations of all known seabird colonies along the coast of British Columbia. Fifteen species of 
seabirds, (including two storm petrels, three cormorants, one gull and nine alcids) and one 
shorebird (Black Oystercatcher) breed on the coast of British Columbia. We selected those species 
that are considered imperiled or vulnerable in British Columbia (S1 - S3 status). There were seven 
species of seabirds selected to represent colonies along the coast of British Columbia: Thick-billed 
and Common Murre, Cassin’s Auklet, Ancient Murrelet, Horned and Tufted Puffin, and Brandt’s 
Cormorant. These data are represented as point locations with attributes describing their location. 
We used location descriptions to assign the colonies to specific shoreline segments. 

Our biggest data gap concerned invertebrates. The Conservation Data Centre (CDC) does collect 
element occurrence data for some invertebrate species, but the data are not comprehensive 
throughout the study area. Without a comprehensive, continuous survey effort we were limited 
by the places where species were found and therefore did not have a sense of abundance across 
the region.  

Nearshore Marine Ecosystem Representation  

The ecosystem targets comprise shoreline ecosystem types derived from the shore-zone mapping 
system. British Columbia’s shore-zone mapping system is based on shore types, which are 
biophysical types that describe the substrate, exposure, and vegetation across the tidal elevation, 
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as well as the anthropogenic features. The B.C. shore-zone mapping system is built on shore 
types that aggregate precise community or habitat types according to their landform, substrate, 
and slope. There are 34 coastal classes and 17 representative types within the classification 
system. Wave energy classes were aggregated to five classes, which when multiplied by the 17 
representative types yielded as many as 85 classes. In actuality there are only 63 shoreline 
categories available after compiling all six project regions of shore-zone. Four categories, three 
“man-made” types and one “unidentified,” are not considered ecosystem targets, bringing the 
total number of targets down to 59.  

The shore-zone mapping system also identified intertidal vegetation and habitats. “Bio-bands” 
are assemblages of intertidal biota, visible from the air and named for dominant species or 
species assemblages. With these bio-bands we identified the intertidal range biota in the 
nearshore, including saltmarsh, eelgrass, surfgrass, and kelp. These vegetation types form the 
major habitats of the nearshore zone and are the best surrogates at this scale to represent a range 
of habitats. We also used the “habitat observed” category from shore-zone to capture the most 
diverse part of the intertidal zone.  

Although we included “estuaries” as targets in the analysis, we did not have complete 
information on all estuaries in B.C. Both the terrestrial ecological systems and the shoreline 
ecosystem targets identified saltmarsh communities. In both cases the definition of estuaries was 
associated with a vegetation type. Other estuaries were captured in the shoreline ecosystem 
categories as “mud flat,” “sand flat,” and “sand and gravel flat.” The shore-zone data do not fully 
represent the spatial delineation of estuaries as polygons. Many estuaries are left out of the data 
sets because they were not identified as the dominant feature in the intertidal.  

Offshore Marine Targets  

 Special Elements and Focal Species 

The CIT offshore marine ecosystem spatial analysis includes 93 features, both biological and 
physical. We considered the following focal vegetation species: eelgrass, kelp, marsh grasses, surf 
grasses, and a general shoreline vegetation class, aggregated from the BC Shorezone 
classification. All major BC breeding seabird populations and colonies were considered (Map 25): 
Ancient Murrelet, Black Oystercatcher, Cassin’s Auklet, Cormorant species, Glaucous-winged 
Gull, Pigeon Guillemot, Puffin species, Rhinoceros Auklet, and Storm Petrel species. In addition, 
very small islets, far from shore were also considered as surrogates for unsurveyed colonies. 
Seabirds are known to prefer certain marine waters. These we treated as “habitat capability” 
layers. We considered pelagic seabirds, waterfowl loons, and shorebirds. Moulting seaducks 
(Scoters and Harlequin Ducks) inhabit certain nearshore BC waters during summer months (Map 
26). These areas were also considered separately for each species grouping.  

Anadromous streams were captured using a species richness x stream magnitude ranking (Map 
27). Eight of BC’s nine anadromous spp were considered (eulachon, the ninth, was treated 
separately). About one out of 10 BC stream systems were considered likely to support significant 
numbers of anadromous species. Steller Sea Lion haul-outs and rookeries were ranked on a scale 
of 1-4 based on population density. Herring spawn shorelines were ranked on a density measure 
based on DFO’s Spawn Habitat Index, using the latest available times series data.  
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We considered five special elements, on account of their rare or threatened status: Hexactinellid 
sponge reefs, Eulachon estuaries, Sea otter, estuaries containing red or blue listed species, and 
Marbled Murrelet marine habitat. We also considered areas known to harbour large habitat-
forming corals, which may well be threatened or endangered, but due to a lack of surveys their 
status largely remains unknown.  

Offshore Marine Ecosystem Representation 

We included two separate indicators of distinctive habitats for ecosystem representation in the 
offshore marine realm: benthic topographical complexity and high current. For each of these 
analyses, the study area was stratified into four Ecological Regions—inlets, passages, shelf and 
slope—based on available substrate and depth information (maps 28 and 29). Areas of high 
taxonomic richness are often associated with areas of varying habitat. Complex habitats also may 
exhibit greater ecosystem resilience and resistance to invasive species. Benthic topographical 
complexity is indicated by how often the slope of the sea bottom changes in a given area. Benthic 
complexity considers how convoluted the bottom is, not how steep or how rough, though these 
both play a role. A measure of benthic complexity will often identify physical features such as 
sills, ledges, and other habitats that are associated as biological “hotspots” providing upwellings, 
mixing, and refugia. We examined benthic complexity separately within each of the four 
Ecological Regions (Map 30). 

The high current layer was extracted from the BC Marine Ecological Classification, as well as 
incorporating additional local knowledge. High Current is defined as waters that regularly 
contain surface currents (tidal flow) greater than 3 knots (5.5 km/hr or 1.5 m/s). These are areas 
of known mixing and distinctive species assemblages. In addition, high current areas often 
represent physical “bottlenecks” to water movement and as such are important to larval transfer 
and nutrient exchange. The constant re-suspension of nutrients in particular is most likely 
responsible for the rich biota of the south Central Coast passages. Annual primary productivity 
in tidally mixed areas tends to be above average for coastal waters. High current areas were 
considered separately for each of the four Ecological Regions (Map 30). 

Setting Goals  

Explicit and quantitative goals are fundamental to systematic conservation planning. Establishing 
goals is among the most difficult - and most important - scientific questions in conservation 
planning (e.g., How much protected area is enough? How many discrete populations and in what 
spatial distribution are needed for long-term viability?). Goals for conservation targets specify the 
number and spatial distribution of occurrences. A broad goal is to conserve multiple examples of 
each target, stratified across the region in such a way that the variability of the target and its 
environment is captured in the site selection. Replication of occurrences of each target must be 
sufficient to ensure persistence in the face of environmental stochasticity and the likely effects of 
climate change. Strategies for focal species emphasize persistence of populations or 
metapopulations, whereas ecosystem-level conservation (e.g., representation) often invokes 
operation of ecological processes and maintenance of ecological integrity. 

As biodiversity and endemism increase, so does the amount of area needed to represent all 
elements. Because northern temperate regions have lower biodiversity and fewer narrow 
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endemics than found in the tropics, it is expected that less protected area is necessary to represent 
each biodiversity element at least once. Importantly, site selection algorithms, by themselves, do 
not address the more difficult and real-world questions concerning the area needed to maintain 
viable populations of species (i.e., as opposed to single occurrences) and overall ecological 
integrity. We did not have the time or funding to gather data and perform detailed, spatially-
explicit population modeling for the selected focal species. Therefore, we were unable to evaluate 
the potential population viability of these species in alternative networks of reserves compared to 
the current network. Nevertheless, we can use the results of other studies to qualitatively 
evaluate the ability of alternate designs to sustain populations of focal species over time. 

Generally, most studies and experts have concluded that some degree of protection for at least 
40-60% of the terrestrial lands and fresh waters would be required to sufficiently protect 
biodiversity in temperate regions, assuming that the very “best” and representative areas are 
selected. Because individual protected areas are unlikely to be large enough to meet conservation 
goals, the entire landscape must be managed to maintain ecological integrity, including 
disturbance regimes, target species populations, and connectivity.  

For the CIT ESA, initial goals were set for all of the targets based on their geographic scale, 
distribution, and spatial pattern. A GIS dataset was then created for input into the site selection 
algorithm. Given the time and resources available, we determined that the best approach to 
setting goals draws on the EBM framework by setting a range of goals that can be used to 
construct separate portfolios for several goal levels within that range. Using this approach, a 
series of potential conservation solutions were created for 30%, 40%, 50%, 60%, and 70% goal 
settings, wherein these percentage goals were applied uniformly across all ecosystem and focal 
species targets. These solutions were then used for purposes of prioritization, allowing the team 
to compare areas that were necessary to satisfy all goal scenarios including the minimal goal set, 
to areas only selected in larger goal sets, and to those areas never selected, regardless of the goal 
setting.  

Threats (Human Impacts) Analysis 

We developed spatial tools to summarize relative levels of human impacts, using the watershed 
units as our primary analytical units. Watersheds form a logical unit to summarize relative levels 
of human impacts because ecological linkages within watersheds tend to be stronger than 
linkages between watersheds. Because human impacts on ecological systems may operate at 
different scales, we examined relative impacts at multiple scales in order to identify intact and 
restorable areas.  

We applied a modified classification based on Moore (1991), who classified 3rd order watersheds 
as follows: 

• pristine watersheds – watersheds in which “there is virtually no evidence of past human or 
industrial activities. Any past small scale removal of trees - including selective logging of 
individual trees, small patch cutting or land clearing - is limited to less than 5 ha." 

• modified watersheds – watersheds that have been “ slightly affected by a limited amount of 
industrial activity, such as past or recent logging with or without roads, powerlines, 
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pipelines, mining, or settlements. The amount of the watershed affected is less than two 
percent of its area; or, in the case of watersheds greater than 10, 000 ha, is less than 250 ha."   

• developed watersheds – watersheds with more than 2% of their area impacted by industrial 
activity.  

We applied the Moore (1991) scheme with some modifications (Map 31). Human impacted area 
was calculated by combining human altered area (clearcut, urban, agriculture) with a 200 m 
buffer area around roads. Overlapping areas were treated as impacted. We calculated impacted 
area as a percent of potential vegetated area, which was calculated as a sum of natural vegetated 
area, human altered vegetated area, and urban area. Watersheds with more than 2% of their area 
affected may still be ecologically intact, depending on both the cumulative impact of human 
alteration and the spatial location of human alterations. To identify such watersheds, we used 
two additional factors for assessing the overall impact, 1) proximity of impacts to rivers and 
streams, and 2) road density. Classification thresholds for restoration areas were set at levels 
where road density has been demonstrated to impact grizzly bear populations.  

Although Moore restricted analysis to watersheds greater than 5000 ha, we also sought to 
identify relatively intact watersheds a multiple spatial scales. Small intact watersheds may be 
sufficient for harboring viable occurrences of some species and/or community types (e.g. rare 
plant communities), but larger, contiguous intact areas are necessary to conserve viable 
populations of vertebrates. Because of their value for salmon populations and global rarity, entire 
river systems that are relatively intact represent key areas for conservation.  

Spatial Analysis 

For the CIT ESA, the challenge is to take an analysis of special elements, ecosystem 
representation, and focal species, and create a spatially explicit assessment of where the region’s 
biodiversity values are located and what condition they are in. To this end, we employed 
computerized site selection algorithms in combination with the impacts analysis described above 
in a GIS environment.  

Terrestrial and Freshwater Analysis 

For the terrestrial and freshwater analysis, we used the site selection software SITES. SITES 
applies an algorithm called “simulated annealing with iterative improvement” as a method for 
efficiently selecting sets of areas to meet conservation goals. The algorithm attempts to minimize 
portfolio “cost” while maximizing attainment of conservation goals in a compact set of sites. This 
set of objectives constitutes the “Objective Cost function:” Cost = Area + Species Penalty + 
Boundary Length, where Cost is the objective (to be minimized), Area is the number of hectares 
in all planning units selected for the portfolio, Species Penalty is a cost imposed for failing to 
meet goals, and Boundary Length is a cost determined by the total boundary length of the 
portfolio. SITES attempts to minimize total portfolio cost by selecting the fewest planning units 
and smallest overall area needed to meet as many goals as possible, and by selecting planning 
units that are clustered together rather than dispersed.  
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We used 500-ha hexagons as planning units for the SITES analysis. Use of uniform-sized 
planning units avoids the area-related bias that can occur when differently-sized planning units, 
such as watersheds, are used. We applied four different protection scenarios: no protected areas 
“locked in” the outcome; existing protected areas locked in; existing plus candidate protected 
areas locked in; and existing plus candidate plus option areas locked in. Candidate and option 
areas were only available for the Central Coast region.  

All else being equal, planning units with lower levels of human impact should be chosen over 
those with higher levels of impact, in order to select areas in better condition with higher chances 
of viability. Thus, rather than simply using the number of hectares in each planning unit for the 
Area component of our SITES analyses, we developed a suitability index, i.e., a cost index based 
on the human impact data. Human impacted area was calculated as described above. To account 
for planning units with relatively little vegetated productive areas (and consequently little 
developable area and little productive habitat) we used the following suitability index: Cost 
Index = Planning Unit Area + Planning Unit Area *  Human Impacted Area / Potential Vegetated 
Area. Potential Vegetated Area was calculated as the sum of vegetated habitat plus the sum of 
clearcut and urban areas. Because the Sites algorithm seeks to minimize total portfolio cost, it 
selects planning units with low cost (i.e., low impact) over high-cost areas whenever possible. We 
used boundary-length modifiers of 0.001, 0.01, and 0.1 to include a range of planning unit 
clustering in our final combined runs. This range allows us to explore issues of several small 
clusters versus fewer large clusters. 

We made 20 repeat runs (each comprised of 1,000,000 iterations of planning unit selection) for 
each of 15 combinations of boundary length modifier (three levels) and goal (five levels) for each 
of the four protected area scenarios. Thus, for each protection scenario we used a sum of 300 sites 
runs that resulted from 300,000,000 iterations of the simulated annealing algorithm. Hexagons 
chosen frequently represent places more necessary or irreplaceable for biodiversity conservation, 
while those chosen few times represent locations where similar biodiversity is found elsewhere 
or where human impacts are significant. We used five different goal levels: 30%, 40%, 50%, 60%, 
and 70%, as described above. 

Nearshore Marine Analysis 

For the nearshore marine analysis we used a site selection algorithm called MARXAN, which 
employs the same basic simulated annealing procedure as the SITES algorithm. Shoreline 
ecosystems were analyzed as linear segments. These units vary widely in length and extend over 
the entire coastline. Forage fish spawning sites and seabird colony data were attributed to the 
shoreline segments to represent the nearshore zone.  

We included in the analysis a suitability index, or “cost index,” which tends to reduce 
representation in places with high human impacts. Impacted areas were calculated as described 
above, but three cost parameters were added: aquaculture tenures, enhancement facilities, and 
hatcheries. We performed raster-based analyses to develop a human impact score for all shoreline 
planning units (Map 23). To build the cost index, we took the mean planning unit length and the 
sum length of human impacts within that planning unit: Cost = Mean Planning Unit Length + 
(Mean Planning Unit Length * Human Impact Score). We used the mean value of all shoreline 
planning units instead of calculating cost equal to length.  
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We developed a linear boundary modifier that clumped adjacent linear segments along the 
shoreline. The algorithm was therefore able to assemble small fragments of shoreline into more 
continuous stretches (i.e., select an entire islands' shoreline). We set the boundary length modifier 
to 0.1 for all MARXAN scenarios. We set penalty factors based on the importance of the target; a 
high penalty factor is assigned to a high priority target.  

Our approach for building a nearshore marine portfolio combined expert input (through a 
technical workshop) with spatial analysis. One of the objectives from the technical workshop was 
to select biodiverse coastal sites based on expert knowledge. These initial seascape sites were 
chosen to capture relatively large, intact ecosystems that represent the region’s nearshore 
biodiversity. Experts were asked to select areas along the B.C. coast using three criteria: 1) Large 
nearshore sites are important for marine biodiversity. 2) Sites must be stratified across the 
ecoregion. 3) There should be diversity in the types of sites chosen, i.e. good for birds, good for 
invertebrates, etc. The results were the identification of 18 seascape sites, which helped guide 
subsequent analysis.  

We evaluated 12 different MARXAN scenarios to test the irreplaceability and sensitivity of the 
site selection. Irreplaceability analyses indicate which sites are consistently chosen. Planning 
units that get chosen the most often are the least replaceable. With each of the 12 scenarios run 20 
times, we had a gradient from 0 to 240 solutions. Within each scenario the algorithm did 1,000,000 
iterative selections per run. Two multiple goal scenarios were run: one optimizing for 10% of the 
entire shoreline and another for 20%. We used three stratification schemes to divide the nearshore 
zone: marine ecosections, project regions, and no stratification.  

Offshore Marine Analysis 

The offshore marine analysis applied 500-ha hexagons as planning units, as in the 
terrestrial/freshwater analysis, and the MARXAN site selection algorithm, as in the nearshore 
marine analysis.  

Reporting Units 

From the standpoint of reporting results of analyses, the hexagon grid that is optimal for analytic 
purposes leaves much to be desired in terms of reporting results and applying them to planning 
decisions. Several alternative units were considered for the purposes of reporting ESA results. 
These included Primary/intermediate watersheds developed by RRCS, and a derived 
landscapes/seascapes unit. While the delineation of intermediate watersheds created reporting 
units of more uniform size, small, coastal, primary watersheds of greatly varying size remained 
unclassified and a possible source of size bias in reporting. Landscapes and seascape units 
compensated for this effect by grouping small coastal water sheds based on the common 
saltwater body that they drained into. For open water reaches of the CIT study area, seascapes 
were based on Department of Fisheries and Oceans statistical areas. A total of 565 landscapes and 
seascapes were identified ranging from 10,000-99,000 ha. Islands <10,000 ha are included in 
seascapes (Map 32).  
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Options and Scenarios 

In order to facilitate examination of spatially explicit conservation solutions, we made use of 
SITES and MARXAN to create a series of potential conservation solutions that in combination, 
are referred to as Options and Scenarios. At the heart of this exercise was an attempt to prioritize 
solution outputs according to criteria related to conservation value, which was based on target 
information and SITES/MARXAN outputs, as well as conservation condition, based on the 
evaluation of human impacts within the study area. 

For the CIT ESA we used SITES and MARXAN summed solution scores (i.e., showing the 
number of times individual planning units were selected during runs of the model), as a broad 
measure of conservation value. For the terrestrial/freshwater analysis, a conservation value score 
was derived for analysis units based on the frequency by which any one planning unit was 
selected in the total of 300 SITES runs (20 repeat runs x 3 boundary length modifiers x 5 goal 
settings), that were performed. These scores were subsequently rolled-up for each landscape/ 
seascape unit as well, for comparison at a broader scale with other CIT spatial analyses.  

Scores for both planning and landscape units were then grouped into five classes based on the 
quintile scores of the summed solutions. A planning unit selected 180 or more times in SITES fell 
into the top two quintiles, or top 40%, of the solution and was scored as having high conservation 
value. Analysis units with scores in the middle quintile were scored as medium conservation 
value, and those in the 4th quintile were scored as low conservation value. Those units with a 
score in the lowest quintile were not ranked.  

Condition was used as a surrogate measure for target viability in the CIT ESA and was evaluated 
using the human impacts information described above. Impacts were assessed for both hexagonal 
planning units and for landscapes/seascapes. The six impact classes were simplified into the 
three broad condition classes--intact, restoration, and developed.  

Alternative Options and Scenarios for Conservation 

To explore the interaction between conservation value and condition, analysis units and 
landscapes/seascapes were clustered into three conservation tiers based on a conservation value 
and condition matrix. Under this framework, areas ranked as intact or restoration that also hold 
high conservation value, or intact areas with medium conservation value, were ranked as Tier 1. 
The middle tier (Tier 2) represents those areas with high value but which are highly impacted, or 
areas with low value, but which are intact, or areas that fall within the mid-range of both criteria 
(medium value/ restoration condition class). Tier 3 represents those analysis units or landscapes 
that are developed and which have a medium or low conservation value. These three tiers 
constitute three conservation options that can be evaluated against various land-use scenarios. 

The Central Coast LRMP tables have already proposed several potential land-use scenarios, and 
we wanted to evaluate each in terms of their performance against the three conservation options 
being generated by the ESA. To facilitate this comparison, the protected areas described by each 
scenario were locked into the SITES solution for terrestrial/freshwater runs. Four alternative 
land-use scenarios were evaluated as follows: 

1. Unconstrained Analysis. 
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2. Base Case – existing protected areas locked into SITES. 

3. Candidate Case – existing protected and CCLRMP Candidate Areas locked into SITES. 

4. Option Areas Case – existing protected areas, CCLRMP Candidates, and Option Areas locked 
into SITES. 

In order to compare between and within options and scenarios, potential solution sets from 
summed runs were evaluated against three goal thresholds: 30, 50, and 70%. For each scenario, 
performance of conservation tiers (options) was assessed both in terms of effectiveness, as 
measured by the proportion of targets that met or exceeded the goal threshold, and efficiency, the 
proportion of the study area required to meet the threshold.  

Spatial Analysis Results 

Terrestrial/Freshwater Spatial Analysis Results 

Summed run solutions for each of the four land-use scenarios are displayed in maps 33 through 
36, with Tier 1 and 2 analysis units highlighted in maps 37 thorough 40. While the pattern of 
conservation values differs between each land-use scenario, there are only small differences 
among the overall performance of the solutions. This similarity is true in regard to both the 
solution’s efficiency, measured by the amount of area swept into each conservation option or tier, 
and effectiveness, measured by the conservation goals reached by those tiers.  

Depending on the conservation scenario, between 44% and 50% of the highest conservation value 
planning units (equal to 44 to 50% of the land base of the study area), were required to satisfy the 
30% goal threshold for most targets. Increases in solution area resulted in approximately 
proportional increases in solution effectiveness. To achieve 50% goals for most conservation 
targets, as much as 60 to 70% of the study area was required. After approximately 50 to 60% of 
the study area (50 to 60% of the highest value analysis units), has been incorporated into the 
solution, subsequent improvements in meeting goals required proportionally larger areas of land 
and water. That is, the incremental increase in goal achievement declined. This effect is much 
more pronounced when the 70% goal threshold is examined. In this case, inefficiencies arise to 
the point where the inclusion of more planning units yields only minute improvements relative 
to meeting goals.  

Under any combination of proposed and existing protected areas we see that less than 20% of the 
conservation elements being targeted by the CIT ESA meet a 30% goal threshold. However, it is 
apparent that there are considerable conservation values within the areas that have been 
designated and proposed. Up to a quarter of the region’s Tier 1 analysis units would be captured 
in a scenario that designated candidate and option areas as protected. 

The large size of the landscapes and seascape units prevented adequate performance measures to 
be calculated among conservation options. The large size of these units (10,000 to 100,000 ha) 
equates to a loss of spatial specificity and coarsens the SITES summed solution significantly. 
When we calculated the effectiveness of Tier 1 landscapes (124 of a total 565) against a 30% 
conservation goal for the existing protected areas scenario, we found that just over a third of 
targets met or exceeded the 30% threshold. Adding Tier 2 landscapes improved effectiveness 
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such that 82.9% of targets met the goal threshold, but well over 70% of the planning area was 
swept into the Tier 2 option.  

From these results it is apparent that more work is needed to find appropriate thresholds among 
landscape/seascape units. Shortcomings related to finding thresholds among landscapes and 
seascapes do not, however, detract from the usefulness of comparing priorities among landscapes 
and seascapes along a continuous scale (maps 41 through 44). Nor should the utility of using 
landscapes as a lens by which to examine the higher resolution results based on the 500 ha 
analysis units be overlooked. In fact, a more “hands on” approach involving stakeholders 
themselves to examine these data in an interactive framework may prove much more useful than 
basic statistical summaries of results.  

Nearshore Marine Spatial Analysis Results 

Sensitivity analyses were conducted by selecting thresholds in the summed solution gradient and 
evaluating how well nearshore targets were captured in solutions. The area required to meet 
goals changed as we lowered the threshold along the summed solution gradient. We set three 
thresholds to illustrate this: 10% (Option A), 20% (Option B), and 30% (Option C) of the entire 
shoreline length. The summed solution gradient from the 12 MARXAN scenarios provided the 
basis for setting these thresholds. Several options for displaying and interpreting these results 
using shoreline units are displayed in maps 44 through 48. Alternatively these options can be 
examined relative to landscape/seascape units as presented in maps 49, 50, and 51. 

We believe it is valuable to illustrate the results of the nearshore analysis as spatially explicit 
shoreline sites and reporting-out landscapes. The analysis of shoreline planning units provided a 
high level of detail for identifying site-specific coastal areas; reporting-out to landscapes or 
watersheds along the coast provided a look at the integration of terrestrial and nearshore 
ecosystems. 

Offshore Marine Spatial Analysis Results 

Conservation value was ranked according to the number of times each planning unit was 
selected in 2,400 MARXAN solutions (displayed in Map 52). The examination of various 
clumping values indicates that regardless of whether reserves are many and small, or few and 
large, certain areas recur over the course of many runs. For example, within the Central Coast, 
the larger areas of high conservation value that emerge include hexactinellid sponge reefs, Goose 
Islands, Bardswell Islands and vicinity, Rivers Inlet, Scott Islands, Entrance to Queen Charlotte 
Strait, Broughton Archipelago, Head of Knight Inlet and Cordero Channel. 

Although these areas alone would not constitute a fully representative Central Coast 
conservation portfolio, it is very likely that were they not included, such a portfolio would be 
difficult or impossible to achieve. Thus, regardless of the exact percentages chosen by planning 
processes, and the exact shape of the boundaries, we would expect the bright yellow areas of map 
52 to be key components of most conservation planning. Larger areas of high conservation value 
within the North Coast include hexactinellid sponge reefs, West Aristazabal Island (and NW 
Price I.), Kitimat Arm, Anger Island and vicinity, SW and N Porcher Island, Kitkatla Inlet, S. 
Chatham Sound, and Mouth of the Nass River. 



 
Coast Information Team

 

An Ecosystem Spatial Analysis 
for Haida Gwaii, Central Coast, and North Coast BC 
DRAFT  September 16, 2003 

 

CIT ESA report 18Sept03 PM.doc Page 25 

Larger areas of high conservation value within the Haida Gwaii waters include W. Dixon 
Entrance, Naden Hr., Masset Inlet, Skidegate Inlet (Kagan Bay), and South Moresby Island. 

Areas of high conservation value alone would not constitute a fully representative conservation 
portfolio. The individual network solutions produced by MARXAN can be diverse. Such 
diversity allows for flexibility when considering external factors, such as user interests, parks, 
local politics, access, and enforcement.  

Integrated Terrestrial, Freshwater and Marine Spatial Analysis 

The separate analytical products can still be compared with one another for the purposes of 
identifying areas of conservation convergence between these systems. However, it is also 
desirable to integrate nearshore, offshore, and terrestrial/marine assessments into a single 
analysis for the purposes of optimizing conservation solutions between these environments. Such 
an integration process is currently being initiated.  

Integrating CIT ESA, EGSA, and CSA Spatial Analyses  

After the completion of the ESA, EGSA and CSA, the CIT hopes to take advantage of this wealth 
of spatially explicit information to produce a simple and readily understood set of land-use 
options and scenarios that minimize conflict and maximize compatibility between biodiversity 
conservation requirements, development potential, and places of cultural significance within the 
CIT study area. For instance, spatially explicit data emerging from the EGSA and CSA can be 
used to adjust the cost function in SITES. By running the SITES model with a cost function 
modified by the EGSA and CSA under a variety of different goal settings, patterns of conflict and 
compatibility can be uncovered and presented to planning tables in the form of a series of 
potential land-use options and scenarios. 

If time and resources permit, these options and scenarios will be further refined by a more 
stakeholder accessible software tool known as QUEST, developed by the Sustainable 
Development Research Institute (University of British Columbia) and Envision Sustainability 
Tools to facilitate scenario development and assessment. QUEST integrates data and models and 
makes the resulting information accessible via a facilitator-controlled user interface.  




