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Abstract 
We analyzed the Marbled Murrelet habitat in watersheds upstream from inventory 
radar stations on Southwest Vancouver Island using forest cover maps, topography 
and satellite data. Though we found a significant relationship between the amount of 
habitat and the number of murrelets counted, the regression explained very little of the 
total variation in the count. We suspect that the area that is accessible to birds flying 
up a watershed is not well defined where the topography is less rugged. This resulted 
in the watershed boundaries being a poor representation of the total amount of habitat 
available to these birds. We plan to use GIS hydrology tools as one component in 
determining a more useful model of habitat availability in the coming year. 

Introduction 
Marbled Murrelets (Brachyramphus marmoratus) are small seabirds which forage in 
nearshore oceans and usually nest high in the canopy branches of large old-growth 
conifers within 30 km of the coast. Because of their reliance on old forest trees for 
nesting they are often in conflict with the coastal forest industry. The species is listed 
as Threatened in Canada, is on the British Columbia Red-list (species being 
considered as Endangered or Threatened), and is one of the Identified Wildlife species 
within the BC Forest and Range Practices Act. Loss of nesting habitat is the main 
cause for concern  (Ralph et al. 1995, Burger 2002, MMRT 2003)..  

We have undertaken continuous research at UVic on the murrelet on southwest 
Vancouver Island since 1990. This area supports large population of breeding 
murrelets and the densities recorded at sea in this area are the highest in British 
Columbia (Burger 1995, 2002). Our group pioneered the use of high-frequency ship’s 
radar to count murrelets as they fly from the sea to inland nesting habitats, and 
comparisons of these radar counts with landscape-level measures of habitat area 
(Burger 1997, 2001). These studies have been important in helping management and 
conservation of the murrelet throughout coastal BC. Monitoring of watersheds using 
radar counts provides the only reliable method for tracking changes in murrelet 
populations which might result from logging or changes in the marine environment 
(Arcese et al. 2005). 

This project is one component of this much larger study. This landscape level habitat 
analysis is critical in identifying landscape-level habitat associations important to 
murrelets nesting on southwest Vancouver Island, and for assessing the impacts of 
loss of nesting habitat on the local breeding population. We began to acquire data in 
mid-January 2005 and didn’t receive all the required layers until March 2005. This 
left only a few weeks for analysis before the end of the fiscal year. The original 
schedule intended the project to span 2 quarters. 

We performed analyses on a 3 GHz desktop PC with dual processors using ARC/GIS 
9.0 housed in the Advanced Spatial Sciences lab in the Department of Geography at 
the University of Victoria. We accumulated roughly 10 gigabytes of mapped data for 
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British Columbia and Vancouver Island and generated an equal quantity of derived 
estimates. 

Data Used 
We acquired many sources of digital data from government agencies and individuals. 
Some were only used as a check on the spatial precision of other data or to confirm 
administrative or ecological boundaries. For example, the mapped coastline varied 
between datasets and the coastline from the Watershed Atlas (which was derived from 
a TRIM base) was used as the standard that others were compared to. Only the data 
actually used in the analysis of Marbled Murrelet radar counts will be described here. 
Abbreviations are explained in the Glossary. 

Forest Cover  

Map 1. Coverage from the seamless forest cover map compilations. TFL in blue and 
TSA/Crown land in green. White and pink areas don’t have forest cover mapping. 
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Seamless forest cover maps compiled from the Vegetation Resource Inventory VRI in 
the British Columbia government Data Warehouse were the main source of 
information on murrelet habitat. The maps were FC19 and FC20 for northwest and 
southeast Vancouver Island respectively as polygonal ARC export coverage in BC 
Albers83. For additional information see http://srmwww.gov.bc.ca/tib/vri/ 

Elevation 

 
 

Map 2. Digital elevation for Vancouver Island 

The digital elevation raster for the province of BC at 250m pixel in BC Albers83, 
known as the Gridded DEM, provided elevation for the study area.  

http://srmwww.gov.bc.ca/bmgs/products/griddem.htm

 

http://srmwww.gov.bc.ca/bmgs/products/griddem.htm
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Interpreted Satellite Data 

 
Map 3. Sierra Club Ancient Forests. Yellow represents young forests with older 

forests in green. 

The Sierra Club of BC, working with the Wilderness Society, created a map of the 
ancient forests of Vancouver Island from Landsat MSS images in the early 1990’s. 
For more information on this method see 
http://staff.washington.edu/norheim/oldgrowth/whysodifferent.html 

This map was updated in 1999 and provided a continuous and uniform source of 
information on forest ages. Unlike the forest cover mapping, which is limited to 
administrative areas, this image covered the entire island with no gaps. The Sierra 
Club Ancient Forest map (1999) was a geo-referenced TIFF with 60m pixels in UTM 
NAD27 Zone 10. The map is classified into 10 simple categories. 
1  Ancient Forest 
2  BOG/AF 
3  Muskeg Forest 
4  Mtn Hemlock 
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5  Light Veg/Bare 
6  Logged 
7  Logged Mtn Hemlock 
8  2nd Growth 
9  2nd Growth Mtn Hemlock 
10 Water 

Biogeoclimatic 
 

BEC for the province is available as a Polygonal arc export coverage in BC Albers83. 
The Mountain Hemlock zone could be used as an ecological identifier for high 
elevations rather than the current 900m elevation cutoff. The Coastal Western 
Hemlock hyper-maritime zone might also be used to indicate poor conditions for 
murrelet nest trees close to the influences of the coast. Neither sub-zone is used in the 
current analyses. 

Watersheds 

 
Map 5. Watershed atlas watersheds. 
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Watershed boundaries, lakes and streams are from the BC Watershed Atlas 
(http://www.bcfisheries.gov.bc.ca/fishinv/basemaps-watershed.html). This repository 
is derived from 1:50,000 lake and stream networks that have been aggregated into 3rd 
order and larger watersheds for fisheries management. These watersheds are a 
consistent and readily reproducible method of identifying contiguous areas of habitat 
that are upstream from radar stations. 

Marbled Murrelet Recovery Team Map 
 

 
Map 6. MMRT habitat map. 

The Marbled Murrelet Recovery Team (MMRT) developed this rating that considers 
trees mapped in the VRI as age class 8 or greater (>140 years), height class 4 or 
greater (>28.5)  as suitable nesting habitat (MMRT 2003). The Ministry of 
Sustainable Resource Management applied this algorithm in a GIS. We received the 
resultant map (without original data) for the entire province in BC Albers83 as an 
ARC export coverage. Most of the area was rated using VRI data but BTM (Baseline 
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Thematic Mapper) was used on private land or other areas where VRI was missing. 
The map only identified that the area contained potential murrelet habitat, with no 
other categories or qualifications. 

Marbled Murrelet Radar Counts 
 

 
Map 7. Location of Marbled Murrelet radar stations. The size of the dot represents the 

number of birds counted on radar. 

 

See Part 1 of this report and Burger (2001) for details of the method. Means were 
calculated from the maximum counts over several years (Table 1). 
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Table 1. Mean radar counts of Marbled Murrelets at reliable flight paths used to compare 
with GIS habitat data. . 

Station/Watershed Code Watershed Mean 
CAR01 Carmanah Valley 87.3 

CAY01_CR Caycuse River 195.7 

CHI02_CC China Creek 269.5 

COL01_CC Coleman Creek 6.0 

DAR01 Darling River 91.5 

KLA01_KR Klanawa River 214.5 

KLA02 Gorge Creek 151.8 

KLA03_E Bottard Creek 120.3 

LUC01 Lucky Creek 258.3 

MAC01&02_MC Macktush Creek 2.0 

MAG01 & _E Maggie Creek & Draw Creek 16.0 

NAH02 Upper Nahmint River 39.0 

NIT01&02 Nitinat River 367.2 

NUM01_CC Carnation Creek 70.0 

PAC01 Pachena River 101.6 

PIP01_LC Black Peaks Valley 21.0 

RIT01_RC Ritherdon Creek 24.0 

SAR01 Sarita River 180.8 

SJN01 Gordon and San Juan Rivers 287.0 

SPE01_SC Spencer Creek 89.0 

TOQ01_TR Toquart River 387.5 

UCI01 & USE01 Henderson Lake 387.5 

WAL03 Mid Walbran Valley 384.3 

   

 

 

Data Limitations and Manipulations 
The study area is on SW Vancouver Island. Data that spanned the entire province 
were clipped to either the Watershed Atlas coastline or a rectangle slightly larger than 
the island. 
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Digital Elevation Mapping (DEM) 
The elevation of the US-Canada boundary in the Straight of Georgia and the ocean in 
Johnston Straight is greater than sea level (2-7m). This wasn’t corrected since it 
doesn’t affect any calculations but can make some graphics look odd. 

The 250m pixel was sufficiently precise for our purposes but may cause some minor 
differences in the calculated areas below 900m if either greater or lesser precision was 
used by other researchers. Even this detail is excessive for 3D manipulations of the 
data in ARC SCENE on our powerful computers and the images usually used 1000m 
pixels or greater to render the 3D images. 

Distance from Ocean 

 
Map 8. Distance from Ocean 

 

One of the variables that identifies quality of murrelet habitat is the distance from the 
ocean. Birds must fly from ocean feeding grounds to nest sites in the forest once or 
several times a day. Habitat that is more than 30 km from the ocean is considered less 
likely to be used by nesting murrelets (MMRT 2003). 
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Map 9. Distance from Ocean following hydrological flow lines. 

Murrelets frequently follow rivers and streams when flying inland rather than taking 
the shortest possible distance. The distance that water flows to the ocean is probably a 
better representation of the actual distance flown than a straight line that ignores 
topography, but the actual distance would be between the two estimates. 

This distance can also be used to create subsets of watersheds when radar stations are 
in the mid-valley. In such cases, only habitat farther from the ocean than the radar 
station is included in analysis. 

Sierra Club Old Growth 
 The Sierra Club map was converted to BC Albers83 by the FMEBC translator but the 
transformation left the image displaced from the TRIM watershed data by up to 500m. 
A better translation was made by using the ARCGIS projection tool to convert 
separately from UTM NAD27 to UTM NAD83, then from UTM to BC Albers. Even 
so, there were still displacement errors throughout the map. I found that shifting the 
image 240 m to the west reduced the overall error but some forest cover polygons 
(which themselves were not accurate) still did not match. 
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Forest Cover 
Most of the VRI data were from the original forest cover (FC1) files that were mapped 
on paper in UTM NAD27 projections. There are still edge match errors throughout the 
map where administrative boundaries on the originals do not agree. This leaves gaps 
with no forest cover mapping (and presumably some areas of overlap where data were 
lost). Many of these stands are also 50-250m from their true locations. Relatively few 
areas have been mapped on the current TRIM base and are considered accurately 
located. 

Similarly, very little of Vancouver Island has been mapped to the current VRI 
standards and most of that was not included in these maps. This means that not only 
are the mapped boundaries imprecise, but the data can be highly variable as the 
standards for mapping may have been different depending which company or 
organization collected the data and when. Forest companies did much of the mapping 
on Vancouver Island (not the BC Forest Service) according to their corporate 
requirements. This will be discussed in more detail later. 

There are a few records with typos (such as 5 polygons erroneously listed in the 
Nelson Forest Region) but these errors don’t affect the statistical calculations. 
Strathcona Park is mapped from 1950’s paper maps with considerably less resolution 
and accuracy than other areas and some parks have no mapping at all. Much of SE 
Vancouver Island is private land and has no forest cover mapping in these data. 

These problems with the forest cover data for Vancouver Island are well known 
(Tripp 2001) but  the implications for habitat assessment are often ignored. The 
differences in mapping could identify areas as potential murrelet habitat where the 
habitat is actually very poor. 

Stand Age 
Stand age is the single most important variable in current models of murrelet habitat 
according to Tripp (2001). It is one of the more accurate variables in the data as well 
but this is deceptive since young stands are accurately aged and older stands are 
poorly aged. In the case of second growth stands, the year of planting is usually 
exactly known. Identifying young stands that do not contribute to murrelet habitat 
value is relatively easy. However, stand ages greater than 140 years old are much less 
accurate yet this information could be important in determining the best quality 
habitat. Most old stands don’t contain a specific stand age at all, but only an age class 
(from 1-9, Table 2). 
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Table 2. Age and height classes within BC Forest Cover data 
Height class (m)   Age class (years) 

1 0.1-10.4  1 1-20 
2 10.5-19.4  2 21-40 
3 19.5-28.4  3 41-60 
4 28.5-37.4  4 61-80 
5 37.5-46.4  5 81-100 
6 46.5-55.4  6 100-120 
7 55.5-64.4  7 121-140 
8 64.5+  8 141-250 

     9 >250 

Stand Height 

 
Figure 1. Relationship of stand height and age. 

 

Stand height is the second most important variable in current models of murrelet 
habitat according to Tripp (2001) but is fairly poorly represented. Similarly with stand 
age, stand height is mainly represented by a category from 1-8 rather than a height in 
meters (Table 2). Some companies in the past recorded heights only to a merchantable 
diameter limit so a dead or thin tree top was not included. Once again mapping 
standards of the time sometimes limited the maximum height recorded to height class 
4. So some stands may be much taller than indicated. We had to treat height classes 
from 4-8 as equivalent in these analyses. 

 

Stand height should increase with stand age but the relationship is very poor with 
these data indicating the problems with map standards. Where age class 9 stands were 
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identified it is more likely that height classes greater than 4 were also identified but in 
general no special significance can be assigned to the taller height classes. 

There are also some differences in historic mapping standards. Age class 8 is the 
oldest identified in some areas which is almost certainly an artifact of mapping and 
only indicates that age class 9 was not separated – not that it doesn’t occur. We had to 
treat the two oldest age classes of forest as equivalent in these analyses (i.e. 8+). 

Canopy Closure 
A forest canopy with frequent openings provides better access to murrelet nesting 
platforms (MMRT 2003). Canopy completeness is often not represented in these data 
at all and is unreliable when it is recorded at all. It could be an important variable for 
habitat models in areas with recent mapping but is not used in these analyses. 

Year of Harvest 
The reference for these maps was 2000 but a few stands that were harvested before 
then may not be represented. All ages and heights are projected to January 1, 1999. 
We were unsuccessful in obtaining an update layer that identified the blocks that had 
been harvested since these maps were last updated. In some watersheds, the difference 
could be important. We will continue to try to correct this information gap in the 
coming year. 

The MMRT Model Recreated 
The MMRT model combines stand age and height with elevation and distance from 
ocean to determine whether an area might be nesting habitat. The forest cover 
mapping is incomplete so I substituted the Sierra Club Ancient Forest map categories 
of Old Forest and Bog Forest rather than the BTM category of Old Forest. A 400m 
buffer from the coastline and a mask where elevations exceeded 900m were overlaid 
to exclude habitat in those areas. 

On the SE side of Vancouver Island where forest cover mapping is missing, the 
Ancient Forest map clearly indicates that habitat is largely absent anyway as most of 
the forest is younger than required to create nesting platforms. 
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Map 10. MMRT habitat map recreated. 

 

Results 
For the 24 radar stations for which we had reliable data, we summarized the area of 
nesting habitat within all upstream watersheds using the original MMRT map or the 
Sierra Club Ancient Forest map. We expected a positive relationship between the 
amount of habitat and the number of birds counted with radar. 
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Figure 2. Relationship of radar count and area of habitat according 
to the MMRT algorithm (as represented in the JD map) (P = 0.04). 
Each point represents a watershed sampled with radar. 

The number of birds counted by radar was significantly related to the area of habitat 
as described by the MMRT algorithm (as implemented by Jamie Duncan, MSRM) 
(Figure 2). However, the explanatory value of this relationship was very low and only 
20% of the total variation was accounted for.  
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Figure 3. Relationship of radar count and area of Ancient Forest from the 
Sierra Club map (P = 0.02). Each point represents a watershed sampled 
with radar. 

The relationship between birds counted and the amount of Ancient Forest was similar 
to the relationship with the more elaborate MMRT algorithm. As well, the two 
estimates of habitat were very well correlated with each other (Figure 4). 
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Figure 4. Relationship of MMRT habitat area (JD) and Sierra 
Club Ancient Forest  within radar watersheds. Each point 
represents a watershed. 

We also overlaid the forest cover map and Sierra Club raster and summarized the 
number of pixels of each ancient forest category within each forest stand (Table 3). 
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Some of the differences are due to edge errors – places where the maps do not exactly 
overlap with each other. A very good correspondence of the two data resulted in 
79.52% of the ancient forest pixels falling within habitat identified with the forest 
cover map. Within the stands that were identified as habitat by the forest cover map, 
73.49% was also primarily ancient forest in the Sierra Club map. Much of the 
Bog/Ancient Forest category also fell within forest cover habitat. These bog pixels 
have more open canopies that allow them to be separated from other ancient forest in 
the satellite image. 
Table 3. Comparison of Ancient Forest Mapping and Forest Cover Mapping 
 

Sierra Club OG Total Area 
(m2) 

Not Habitat 
(m2) 

FC Habitat 
(m2) 

%FC Habitat of 
SC 

%SC of FC 
Habitat 

1  AncientForest 2,904,044,204 594,821,885 2,309,222,319 79.52% 73.49% 

2  BOG/AF 128,047,725 68,257,131 59,790,594 46.69% 1.90% 

3  MuskegForest 414,349,970 294,301,831 120,048,139 28.97% 3.82% 

4  MtnHemlock 607,467,326 371,101,904 236,365,422 38.91% 7.52% 

5  LightVeg/Bare 9,401,971 4,118,241 5,283,731 56.20% 0.17% 

6  Logged 1,479,370,919 1,206,620,193 272,750,726 18.44% 8.68% 

7  Logged MtnHem 24,675,083 18,791,755 5,883,328 23.84% 0.19% 

8  2nd Growth 2,705,424,300 2,576,178,055 129,246,245 4.78% 4.11% 

9  2nd Grth MtnHem 369,035 85,816 283,219 76.75% 0.01% 

10  Water 11,338,153 8,089,786 3,248,366 28.65% 0.10% 

      

FC Habitat is where AgeClassProjected >7 and HeightClassProjected >3 
 

 

Discussion 
We met the primary objective of this program to compile a GIS legacy database of 
maps that can be used for subsequent Marbled Murrelet analysis and research. 
Analysis using these data has just begun since the project began late in the fiscal year. 

These preliminary results did not indicate a strong relationship between the mapped 
estimates of Marbled Murrelet habitat and the number of birds counted with radar but 
that does not mean that this approach was unsuccessful. Tripp (2001) reviewed a 
number of models that have been developed for Marbled Murrelets in BC to define 
nesting habitat. The only characters in all models were stand age and tree height and 
these 2 indicators have been selected by the MMRT as most significant as well. There 
are substantial problems with the current forest cover mapping on Vancouver Island to 
accurately assess these variables for murrelet habitat. The VRI standards will 
eventually resolve these issues but completion of the mapping is many years in the 
future. In the meantime existing data must be used. 

Though we found a significant relationship between the amount of habitat and the 
number of murrelets counted, the regression explained very little of the total variation 
in the count. Habitat estimated by the MMRT model or the Sierra Club Ancient Forest 
map were similarly poor. Previous work (Burger 2002) indicated that the amount of 
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area logged may be important in this relationship. Next year, we will develop 
estimates of the area logged including harvests since 1999. 

Estimates of canopy closure have been identified as a possible factor in improving 
habitat models. The canopy completeness variable in the current forest cover maps of 
Vancouver Island is unreliable. We will use the satellite image of Ancient Forests to 
estimate the variability within a forest stand as an approximation of canopy closure. 

We suspect that the area that is accessible to birds flying up a watershed is not well 
defined where the topography is less rugged, as is the case on SW Vancouver Island. 
This may have resulted in the watershed boundaries being a poor representation of the 
total amount of habitat available to these birds. We plan to use GIS hydrology tools as 
one component in determining a more useful model of habitat availability in the 
coming year. John Deal (CANFOR pers. comm.) also considers this an important 
topic of investigation on N Vancouver Island. 
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Glossary 
 

ARC/GIS - Computer mapping program from ESRI 

ARC export - A map interchange format  

BC Albers 83 - An Albers equal area projection chosen as the standard for mapping in 
BC 

BEC - Biogeoclimatic Ecosystematic Classification 

BTM - Baseline Thematic Mapper 

DEM - Digital Elevation Model 

FC - Forest Cover 

FC1 - Forest Cover 1 (from FIP) 

FMEBC - Feature Manipulation Engine BC 

GIS - Geographic Information System 

FIP - Forest Inventory Program 

MMRT – Marbled Murrelet Recovery Team 

NAD27 - North American Datum 1927 

NAD83 - North American Datum 1983 

TRIM - Terrain and Resource Inventory Method 

UTM - Universal Transverse Mercator 

VRI - Vegetation Resource Inventory 
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