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Abstract 
�e Marbled Murrelet (Brachyramphus marmoratus) is legally listed as a threatened species in Canada 
primarily due to loss of nesting habitat. �e Marbled Murrelet Nesting Habitat Suitability Model for the 
British Columbia Coast (referred to here as the “BC Model”) predicts the amount and distribution of 
Marbled Murrelet nesting habitat. �e BC Model is an aggregate of predicted suitable habitat from a wide-
scale algorithm using elevation, distance inland, and mapped forest cover attributes—tree height and age—
that are important for nesting habitat as well as regional models in Haida Gwaii and Clayoquot Sound. It 
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figure 1. Predictions of suitable nesting habitat (red) from the Marbled Murrelet Nesting Habitat Suitability Model 
for the British Columbia Coast in the six Marbled Murrelet conservation regions and the protected areas.
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Methods 

�e BC Model was developed to predict nesting habitat 
using a variety of sources, including a habitat algorithm 
for most of the range, as well as two regional habitat 
models, and information on habitat use on the southern 
Gulf Islands. 

Habitat algorithm used to predict 2002 
nesting habitat for most of the British 
Columbia coast

�e nesting habitat algorithm used to predict murrelet 
habitat suitability was derived from a selection of critical 
nesting habitat parameters described in the Canadian 
Marbled Murrelet Recovery Teams Conservation 

Assessment Part B (Canadian Marbled Murrelet Recovery 
Team 2003), and expert opinion from members of 
the recovery team’s Habitat Recovery Implementation 
Group (scienti�c advisory group speci�cally assigned to 
develop a nesting habitat recovery plan for murrelets). 
�e full list of parameters described as important for 
Marbled Murrelet nesting habitat includes distance 
from saltwater, biogeoclimatic subzones, variants, site 
series, site index (Meidinger and Pojar [editors] 1991) 
and productivity, elevation, slope, stand age, tree-height 
class, canopy closure and vertical complexity, topographic 
variability, aspect, exposure, moisture regimes, and other 
criteria such as platform density (Burger 2002). �e BC 
Model is a bivariate model, using a suitable/not suitable 
classi�cation system. It uses a combination of tree age, 
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tree height, elevation, and distance from saltwater to 
evaluate habitat suitability. �ese data were available 
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In the Clayoquot Sound Planning Area on western 
Vancouver Island, we used the Bahn-Newsom 
algorithm based on Vegetation Resource Inventory 
maps specially made for Clayoquot Sound (Bahn and 
Newsom 2002). �is algorithm included tree height, 
tree age, basal area, vertical canopy complexity, canopy 
closure, average distance from sea of the polygon, 
and average elevation to provide a four class rank 
of each polygon. �e polygons ranked as Important 
Excellent and Important Good habitat were included as 
predicted suitable habitat in the BC Model.

Burger et al.3 found that there was no evidence of 
Marbled Murrelet nesting in the southern Gulf Islands 
based on audio-visual detection surveys. �erefore, the 
small amount of habitat predicted from the algorithm 
on the southern Gulf Islands was eliminated from the 
BC Model.

Additional geographic data 

�e distance of the potential nesting habitat from 
saltwater was identi�ed and divided into three 
zones based on the Marbled Murrelet Conservation 
Assessments ratings of the relative value of the habitat 
(Burger 2002). �e zone extending from the ocean 
edge at exposed coastlines to about 400 m is not 
generally used by Marbled Murrelets due to increased 
numbers of corvid predators or lack of appropriate 
forest structure (Burger et al. 2000; Rodway and Regehr 
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Results

�e area of suitable habitat as of 2002 identi�ed by the 
BC Model was 1 980 846 ha. Of that habitat, 515 411 ha 
(or 26%) is located in protected areas (Figure 1). 
�e amounts of suitable habitat were calculated by 
conservation region and geographic zones based on 
the distance from the ocean. �e total potentially 
suitable nesting habitat is the sum of all three zones. 
�e majority (82%) of the predicted suitable habitat 
in British Columbia is in the zone between 400 m and 
30 km from the coast.

�e suitable habitat in protected areas includes 
all parks, ecological reserves, conservancies, and 
biodiversity, mining, and tourism areas established 
by 2008. �e recovery goals are from the Canadian 
Marbled Murrelet Recovery Team’s recommendations 
of how much of the remaining habitat is needed 
to meet the 70% habitat retention goal (Canadian 
Marbled Murrelet Recovery Team 2003).

A GIS data �le of the predicted suitable habitat is 
available for download from ftp://littleearth.ca/pub/
downloads/mamu/bc.

Testing the model: Comparing predicted 
amounts of habitat from the BC Model 
algorithm and aerial surveys 

In the selected 15 Vancouver Island landscape units, 
the BC Model algorithm predicted a total of 66 135 ha 
of suitable habitat, compared to 48 981 ha by aerial 
surveys (ranks 1–3 combined). A non-parametric 
pairwise test (Wilcoxon signed-rank) compared the 
amounts predicted in each landscape unit. �ere was 
no signi�cant di�erence in amounts of nesting habitat 
predicted by the model algorithm and the aerial surveys 
(p = 0.107, Figure 2).

Discussion

�e BC Model predicted approximately 2 million ha 
of potential Marbled Murrelet nesting habitat that 

ftp://littleearth.ca/pub/downloads/mamu/bc
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•	 To	predict	and	track	protected	habitat	by	
conservation region, landscape units and forest 
development units.

•	 To	evaluate	and	track	various	forest	conservation	
and management options considered in land 
use planning and how they meet recovery plan 
objectives for Marbled Murrelets. For example, when 
evaluating or identifying possible reserve areas for 
murrelets, ensure that the reserves contain habitat 
primarily in the safest zone from predators, between 
400 m and 30 km from the ocean.

•	 To	evaluate	habitat	loss	from	the	2002	baseline	by	
overlaying modelled habitat polygons with up-to-
date satellite imagery indicating forest removals. 
Satellite imagery, available on an annual basis, can 
be overlaid on the model to show where habitat is 
lost through harvesting or other forest removals at a 
provincial scale.  

•	 To	evaluate	Marbled	Murrelet	nesting	habitat	
conservation status at a regional or landscape scale.

Conclusion

�e BC Model predicts the entire area of suitable Marbled 
Murrelet nesting habitat in the range of the species in 
British Columbia as of 2002. Its component models, 
created for Haida Gwaii and Clayoquot Sound, improve 
the accuracy of the predictions from the main habitat 
algorithm as they are based on more direct evaluation of 
habitat suitability for nesting. �e BC Model is useful for 
land use planning and quantifying protected habitat as 
required for Marbled Murrelet recovery. 

Updated versions of the BC Model could provide 
more accurate estimates of current habitat by 
incorporating suitability data from other more direct 
habitat assessments such as low-level aerial surveys done 
on Vancouver Island and portions of the central coast, 
and recently completed air-photo interpretation for 
the Central Mainland Coast and portions of the North 
Mainland Coast Conservation Regions. Any updates 
will provide more accurate current information on the 
amount and possible change in potential habitat, but 
not on the baseline amount predicted by the BC Model 
presented here. If the suitability of protected habitat 
changes over time, potentially in response to climate 
change, �re, or other disturbances, these areas could 
be removed from the model and the habitat amounts 
recalculated. �e predictions provided by the BC Model 
are su�cient to show that, provincially, current nesting 
habitat protection falls short of meeting the goals set out 
by the Canadian Marbled Murrelet Recovery Team. 
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Biodiversity, mining, and tourism areas – �ese are 
designated areas that contribute to the conservation of 
species, ecosystems, and seral stage diversity by being 
located adjacent to existing conservancies and other types 
of protected areas, and by limiting the land uses within 
the zones. Commercial timber harvesting and commercial 
hydro-electric power projects are prohibited within these 
areas. Other resource activities and land uses will continue, 
subject to existing regulations and legislation (http://www.
ilmb.gov.bc.ca/slrp/lrmp/nanaimo/central_north_coast/
biodiversity.html).
Conservancies – Conservancies are established through 
the Park (Conservancy enabling) Amendment Act 
and are maintained under protected areas legislation. 
Conservancies are areas where industrial resource 
development activities are prohibited in order to protect 
the high values of these areas to First Nations and the 
public. Commercial logging, mining, hydroelectric 
development, new roads, and commercial development 
are not permitted within conservancies. Some 
development activities may be considered acceptable 
where all collaborative management planning parties 
are in agreement (http://www.ilmb.gov.bc.ca/slrp/lrmp/
nanaimo/central_north_coast/cons_area_docs.html).
ecosystem-based management in British Columbia – 
�is is an adaptive approach to manage human activities 
to ensure the co-existence of healthy, fully functioning 
ecosystems and human communities (http://www.ilmb.
gov.bc.ca/slrp/lrmp/nanaimo/cencoast/plan/ebm.html).
ecological reserves – Ecological reserves are permanent 
sanctuaries located throughout British Columbia that 
have been selected to preserve representative and special 
natural ecosystems, plant and animal species, features, and 
phenomena (http://www.ecoreserves.bc.ca/erwhen.html). 
excluded forest (x) – Portion of the land that is not 
managed by the Forest Service for timber supply. It is 
excluded from contributing to old growth and wildlife 
tree biodiversity targets (non-Crown, non-forest, non-
productive forest).
Identified wildlife – Wildlife species and plant 
communities that are at risk in British Columbia, and 
receive special consideration if their habitat would be 
a�ected by forest or range activities on public land. 
Wildlife Habitat Areas are designated for Identi�ed 
Wildlife under British Columbia’s Identi�ed Wildlife 
Management Strategy (http://www.env.gov.bc.ca/wld/
frpa/iwms/index.html).

Glossary
f-5((e)5(d)10). 
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Marbled Murrelet Nesting Habitat Suitability Model for the British Columbia Coast

How well can you recall some of the main messages in the preceding Research Report?  
Test your knowledge by answering the following questions. Answers are at the bottom of the page.

1. �e Marbled Murrelet Nesting Habitat Suitability Model for the British Columbia Coast (BC Model) is 
an aggregate model including an algorithm using elevation, distance inland, and mapped forest cover 
attributes of tree height and age as well as two separate regional nesting habitat models in Haida Gwaii 
(from airphoto interpretation) and Clayoquot Sound (aerial habitat assessments and vegetation).
a) True
b) False

2. �e BC Model is most useful for:
a) Fine scale habitat evaluation to identify suitable nesting habitat
b) Broader regional estimates of suitable nesting habitat
c) Both (A) and (B)

3. �e BC Model predicts the amount of suitable Marbled Murrelet nesting habitat for what  
benchmark year?
a) 2000
b) 2002
c) 2010
d) 2006

Test Your Knowledge . . .

1. a  2. b  3. b 

ANSWERS


