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Project Purpose and Management Applications 
 

 Marbled Murrelets are seabirds that use mossy platforms growing on large side branches 

of coastal forest trees >140 years old for nesting platforms.  Forest planning under sustainable 

forest management policies, the provincial Forest and Range Practices Act (Identified Wildlife 

Management Strategy (“IWMS”), and most recently, the Federal Species at Risk Act (Marbled 

Murrelet Recovery Plan) mandate the maintenance of healthy populations of Marbled Murrelets 

in British Columbia.  Forest management for murrelets focuses on maintenance of acceptable 

quantities and quality of nesting habitat, following habitat definitions and assessment methods 

developed by the Canadian Marbled Murrelet Recovery Team. The primary tool used by industry 

in operating areas is setting aside Wildlife Habitat Areas (WHAs).  Since the commercial value 

of prime Marbled Murrelet nesting habitat is high, there is a strong economic incentive to ensure 

that WHAs in fact provide productive habitat that provides for the species’ continued 

survivorship and breeding success.  

 

 The process of creating WHAs for Marbled Murrelets has been particularly difficult, 

largely due to limited knowledge of the real nesting requirements of the species, due to  the 

difficulty in locating nests in coastal forest canopies.  Research over the past 15 years has 

provided a much clearer view of physical nesting requirements.  Two difficult issues remain in 

British Columbia, however: (1) determining the relationships between our assessments of habitat 

quality and habitat usage by nesting murrelets (Burger and Waterhouse 2009), and (2)  the 

potential influence of habitat configuration on murrelet nesting productivity.  Recent research 

suggests robust but complex dynamics in probable habitat productivity due to local “edge 

effects” on nesting success and landscape-level changes in nest predator abundances (Malt 2007, 

Malt and Lank 2008, 2009).  It is unclear, however, how these inferred processes actually affect 

local breeding murrelet numbers, and whether existing habitat suitability and ranking methods 

(e.g. Waterhouse et al. 2008, 2009, 2010) could or should be altered to account for these effects.    

 

 This research tests for relationships between an index of local breeding murrelet breeding 

populations and (1) several existing indices of habitat suitability, and (2) metrics of landscape 
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continuity and fragmentation.  It builds on previous analyses in British Columbia using radar 

data as an index of local breeding population size and relating it to habitat characteristics on a 

watershed level (Burger et al. 2004, Burger et al. 2009, Burger and Waterhouse 2009).  

 

 

Dates and Funding Sources 
 

March 2010 concludes the second year of planned a 3-year project, primarily funded by FSP.  

Completion of components of the project, and the schedule at which this occurs, does 

depend in part on whether and when the final year of funding becomes available.  The 

schedule outlined below assumes timely availability of these funds. 

 

Status of Deliverables: 

1)  Assembly and archiving province-wide radar data set: 

Data set has been assembled, curated and finalized.  Archiving in a provincial database is 

contingent on resolving data-sharing issues. 

2) Paper comparing the concordance of measures of Marbled Murrelet habitat suitability:  

     Published in BC JEMS: Waterhouse et al. 2010. 

3) Journal paper relating habitat quality indices to radar index of usage: completion scheduled 

12/2010. 

4) MS Resource Management thesis relating habitat configuration to radar index of usage: 

scheduled 9/2010 completion date. 

5) Journal Paper derived from MSRM thesis: scheduled 12/2010 submission date. 

6) Practioner workshop: scheduled 11/2010, contingent on the strength and conclusions of our 

findings. 

7) Extension note incorporating results: scheduled 12/2010. 

 

Completed Work 

 

Papers on concordance of habitat classifications: 
  

 Waterhouse et al. 2010  (see also Waterhouse et al. 2007, Burger and Waterhouse 2009):  

As part of an adaptive management process, we analyzed biases in estimation of the quantity and 

quality of habitat assessments derived from several methods, interpreted the causes of 

differences, and suggest how practitioners at strategic and operational levels should use these 

methods. 

 

Ongoing work 

 

Assessing the efficacy of habitat suitability indices through comparison with murrelet usage as 

indexed by radar data. 

 

Basic Methodology: 
 

We are using radar counts of murrelets commuting between marine feeding and terrestrial 

nesting areas during the breeding season as a measure of relative local nesting habitat usage.  
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These counts will be analyzed using “nesting catchment areas”, which delimit the hypothesized 

area used by murrelets commuting past a given radar station, with respect to four measures of 

habitat quality, as defined by (1) metrics that characterize landscape composition and 

configuration within catchments; (2) the province’s strategic murrelet dichotomous habitat 

suitability map; (3) a three-level habitat suitability model based on the CMMRT (2003) 

guidelines (Nelson et al. 2009), and (4) air photo habitat rankings (Waterhouse et al. 2008).  

While we initially intended to include low-level aerial surveys as a measure above, 

inconsistencies in helicopter data collection and spatial coverage will not allow for analysis of 

this classification. We defined nesting catchment areas based primarily on watershed 

topography, as well as first-hand knowledge of the radar sites and murrelet flight paths (see 

below for further details). See proposal for further details and the rationale behind the basic 

approach.    

 

Progress:  

 

A) Data Collection:  

 

1) Terrestrial habitat datasets: 

 

a) Forest cover data 

i) Provincially owned data: We have obtained all data for our areas of interest 

from the LRDW VRI database. 

 

ii) Data owned by industry (TFLs):  

 

Status TFL 

Permission and data obtained: 38, 46, 39, 19, 25, 37, 44, 54, 57, 10, 

41, 45, 6 

 

 

- We updated both VRI and TFL data with recent harvest history (i.e., using 

recent block layers) for all areas where such information was available. 

 

ii) Private land data: 

- We have acquired forest cover data for private land on South Vancouver 

Island from TimberWest.  

   

b) Air photo data 

- We have been provided with access to an ftp site to download all air photo data 

as it becomes available. Surveys for 86 landscape units on the Central and North 

coast have been obtained (see figure attached).  

- We have obtained all air photo data for Haida Gwaii.  

 

c) Three-level habitat classification 

- We have obtained a digital copy of the three-level habitat classification used by 

Nelson et al. (2009), in polygon format. 
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2) Radar Data 

 

We have recompiled all available radar data from original sources for seven study regions, as 

described below. We chose to recompile raw radar counts in order to allow us to 1) evaluate 

different potential metrics from the data (e.g., maximum counts, annual mean counts, variation in 

counts), rather than being restricted to means or summarized values; and 2) include additional 

information in our models that would not otherwise be available from summarized data (e.g., 

weather, observer, day, month, year…etc.). We screened this compiled data set for counts 

deemed as invalid based on weather (i.e., rainouts) or other technical difficulties, and are 

currently quality checking and formatting the compiled dataset for use in the regression models. 

  

These radar data, including attributes such as weather and observer, have been compiled 

for the following regions and years: 

 

  Compiled data
a
 Data to be used in analysis

b 

Region Years Sites Site years Years Sites Site years 

South Coast 
2000, 2001, 

2006, 2008 

27 157 2000, 2001, 2006, 

2008 

21 138 

Central Coast 
1998, 2006, 

2008 

24 93 1998, 2006, 2008 19 84 

North Coast 2009 10 34 ?
c
 19 ?

c
 

West 

Vancouver 

Island 

1996-1999, 

2001-2007 

93
 

581 
South 

1996-1999, 

2002-2007  

28 304 

North
d
 

1999, 2001, 

2007 

19 104 

East 

Vancouver 

Island
d 

2003-2008 3 54 

Data have not yet been filtered. 

Haida Gwaii 
2003, 2004, 

2005, 2007 

26 110 
None 

a
 Includes all morning radar surveys that were not rainouts (including inland surveys). 

b
Includes only morning radar surveys for which a catchment could be defined, and which were 

not otherwise removed from the dataset for the analysis (e.g., inland surveys, surveys with 

missing weather data…etc.).  
c 
We have not yet received all the data for the North Coast study region. 

d
 Data for an additional 4 sites for EVI and 5 sites for NWVI have been received from John Deal 

(WFP), but have not yet been compiled or filtered for missing attribute data (years: 2002, 2003, 

2004, 2005; site-years:31). 

 

3) Elevation Data 

 - We have obtained TRIM positional and DEM data for all watersheds of interest. 

 

4) Roads Data 

- We have obtained a 1:20 000 TRIM roads layer, and have incorporated this data into the 

forest cover polygon layers (see below). 
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5) Rivers data 

- We have obtained a 1:20:000 BC freshwater atlas double-line rivers polygon layer, and 

have incorporated this data into the forest cover polygon layers (see below). 

 

B) Defining Murrelet catchments 

 

Our analysis hinges critically on being able to define unbiased approximations of the 

“nesting catchment” areas applicable to radar counts.  We have done so in a series of 

conference calls to generate consensus in definitions among all collaborators, site by site. 

 

We have now defined catchments for all radar stations that will be used in the analysis on 

the South, Central and North mainland coast, and East and West Vancouver Island. 

Catchments were defined over the course of four meetings attended by D. Lank, B. 

Schroeder, D. Bertram, A. Burger, D. Faust, J. Barrett and L. Cortese, and during 

additional consultations where necessary.  Using a 1:50 000 watershed layer (BCWSA) 

in GoogleEarth, boundaries were drawn based on topography, first hand knowledge of 

the radar site area, murrelet flight paths, and inland surveys. Consensus among meeting 

members was sought for each catchment, and catchments for Northwest Vancouver 

Island and the Northern mainland were sent to I. Manley, J. Deal, B. Harper (NWVI) and 

D. Steventon (NC) for further review.  Radar stations were omitted from the analysis if 

the catchment was found to have too many access points at which radar surveys were not 

conducted, or too little topography to confidently define a boundary for incoming birds.  

Likewise, radar stations were combined into one catchment if it was likely that birds 

detected at each station were utilizing the same area, and if these stations likely captured 

all birds entering the given area. The resulting catchments, as follows, were digitized in 

ArcGIS 9.3.  

 

 

 

 

 

 

 

 

 

 

 

- No catchments were defined for radar stations in the Haida Gwaii due to lack of 

topography in this area. Instead, distance based measures were discussed, and may be 

applied if this region is included in the analysis.  

 

- We conducted an analysis to a) determine if distance limits should be applied to the 

catchment areas (i.e., minimum and maximum distance from sea); and b) examine 

whether distance to sea is an appropriate marine metric for our models, using distances 

between nest sites and known foraging locations of radio-tagged marbled murrelets in 

Study Region 

Number of  

catchments defined 

Mainland - South Coast  21 

Mainland – Central Coast 20 

Mainland – North Coast 19 

Vancouver Island - Southwest 28 

Vancouver Island – Northwest 19 

Vancouver Island – East  2 

TOTAL 109 
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Desolation Sound, Toba Inlet and Clayoquot Sound (see figure attached). In brief, we 

found that: 

- The maximum and mean nest-to-sea distances were 30.8km, 23.3km and 

22.5km, and 6.1km, 9.1km and 7.2 km for Clayoquot, Desolation and Toba 

respectively.  

- Distances between nests and known foraging sites were much higher, with 

maximums of 50.4km, 56.1km and 70.7km, and means of 21.8km, 31.0km and 

42.7km for Clayoquot, Desolation and Toba respectively.  

 

 

C) Analysis Methodological Development  

  

1)  Landscape composition and configuration methods 

 

- We have combined all forest cover polygon files from various sources into a single, 

comprehensive layer for each of our study regions, and have integrated both roads 

and rivers (as described above) into these layers. Following these combinations, we 

examined the layers for slivers and nonsense polygons and cleaned the layers 

accordingly. 

 

- We have measured 22 landscape composition and configuration metrics for 

catchments in the Central Coast, South Coast and Southwest Vancouver Island 

regions using ArcGIS 9.3 and the comprehensive forest cover, roads and rivers layer 

described above. We also have defined the candidate set of models to be examined. 

This process involved: 

 

▪ developing an initial list of landscape configuration and composition metrics 

that addressed our hypotheses related to area, size and shape of habitat patches, 

landscape composition, habitat patch configuration, edge effects and 

topography, which was then sent to peers for review before being finalized. 

 

▪ assembling the metrics into variable groups and creating a candidate set of 

models to be examined and compared, based on our hypotheses about the 

factors that may influence marbled murrelet nesting habitat selection. 

 

▪ testing the aforementioned models for multicollinearity (using VIF) and 

reducing the candidate set accordingly. A total of 49 models will be included in 

our analysis, examining 15 of the 22 variables originally measured (in 8 

variable groupings). 

 

- In consultation with a statistician (C. Schwarz, SFU) we have developed a binomial 

mixture model (Royle, 2004) to examine the relationship between local abundances 

of marbled murrelets as indexed by radar counts and landscape composition and 

configuration. This model will allow us to use all surveys (rather than annual means 

or maximums), while accounting for detection probability, which is assumed to vary 
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between surveys as a function of weather, observer, day of breeding season, year, and 

percent of the radar screen obscured by land. 

 

2) Comparison of dichotomous suitability, and the air photo and three-level ranking 

methods 

- All data have been obtained, and modeling methods have been developed as above (i.e., 

binomial mixture model)  

 

D) Individuals and corporate entities contacted  

 

In addition to the formal partners and co-operators listed on this grant, we have consulted widely 

to gather information. 

 

FC = Forest Cover data 

Contact Affiliation Data/Reason Additional comments 

Laurie 

McCulligh 

BC Timber Sales  FC: TFL 39 

and 44 

 Acted as main contact for 

permission for WFP to supply 

us with the data, as portions of 

these TFLs were transferred 

from WFP to BCTS. 

Deidre Haight BC Timber Sales  FC: TFL 39 

and 44 

 Permission for WFP to 

transfer the data [Sayward 

business area]. 

Terry Sullivan BC Timber Sales  FC: TFL 39 

and 44 

 Permission for WFP to 

transfer the data [Chinook 

business area]. 

Clark Lowe  BC Timber Sales  FC: TFL 39  Data inquiry – status and 

availability.  

Gordon Joyce CRD Greater Victoria  FC: Sooke 

Lake area 

 Data inquiry – availability and 

access. 

Mike Burrel CRD Greater Victoria  FC: Sooke 

Lake area 

 Data Inquiry – availability and 

access. 

Bob Nicholson Spatial Analysis Branch 

ILMB 

Ministry of Agr. and Lands 

 Aerial Survey 

data 

 Data transfer from SarCo. 

Tim Taggart Hayes Forest Company  FC: TFL 10   Data inquiry – availability and 

access. 

  

Jeff Hayes Hayes Forest Company  FC: TFL 10  Information on TFL 10 sale to 

Klahoose. 

Susan Linder ILMB  TRIM  Data request and access. 

Dan Sirk Integrated Land 

Management Bureau 

Vancouver Island Service 

Centre 

 VRI data 

Information re: 

FC in Parks 

and outside 

TFLs on 

 Data inquiry. 
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VIsland. 

Wayne Wall Interfor  FC: TFL 45  Data inquiry and permission 

for use. 

Gerry 

Sommers 

Interfor  FC: TFL 45  Administered data transfer. 

Ken Brown  Klahoose First Nation  FC: TFL 10  Data inquiry and permission 

for use. 

Chris Roddan Klahoose First Nation  FC: TFL 10  Granted permission to use 

data. Greg Hemphill and 

Kathy Francis were also 

consulted. 

David Donald Ministry of Environment  Air photo data  Data inquiry, transfer and 

background information. 

Tim Salkeld Ministry of Forests and 

Range 

Analysis and Inventory 

Branch 

 FC in parks  Data inquiry. 

Mark Carter Teal-Jones Forest 

Company 

 FC: TFL 46 

cover 

 Air photo data 

 Data sharing agreements and 

transfer. 

Dave Lindsay TimberWest Forest 

Corporation 

 FC  

 Radar data 

 Data inquiry for FC in TW 

private land. 

Bruce 

MacNicol 

West Fraser Mills  FC: TFL 41  Data inquiry. 

Sonny Jay West Fraser Mills  FC: TFL 41  Data inquiry and data sharing 

agreement. 

Ole Hultkrans West Fraser Mills  FC: TFL 41  Data transfer. 

Patrick Bryant Western Forest Products  FC: TFL’s 6, 

19, 25, 37, 44 

 Data sharing agreements and 

transfer. 

John Deal Western Forest Products  FC: TFL’s 6, 

19, 25, 37, 44 

 Radar data 

 Data sharing agreements, 

radar data transfer. 

Trisalyn 

Nelson and Jed 

Long 

University of Victoria  Three-level 

habitat 

suitability 

model 

 Feedback on 

landscape 

metrics 

 Data inquiry and acquisition. 

 

 

Scope and Regional Applicability:  

 

Our study covers the Murrelet’s range in BC except for SE Vancouver Island, where little habitat 

exists, and probably Haida Gwaii.  Although we have both radar and forest cover data for Haida 
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Gwaii, there is a broad consensus that defining catchment areas to relate to radar measures is 

impractical, given the topography and what is known of murrelet movements.  

 

Interim conclusions: 

 

We expect to find reasonably strong relationships between radar counts and metrics of total old 

forest habitat, as has been found previously (e.g. Burger et al. 2004).  We do not yet know the 

extent to which such relationships may be improved by our more detailed analyses of habitat 

configuration and habitat suitability rankings. 

 

References:  

 

Burger, A.E. and F.L. Waterhouse. 2009.  Relationships between habitat area, habitat quality, 

and populations of nesting Marbled Murrelets.  BC J. Ecosyst. Manage. 10:101-112. 

Burger, A.E., T.A. Chatwin, S.A. Cullen, N.P. Holmes, I.A. Manley, M.H. Mather, B.K. 

Schroeder, J.D. Steventon, J.E. Duncan, P. Arcese, and E. Selak.  2004.  Application of 

radar surveys in the management of nesting habitat of Marbled Murrelets (Brachyramphus 

marmoratus).  Marine Ornithol. 32: 1-11. 

Burger, A.E., F.L. Waterhouse, A. Donaldson, C. Whittaker and D.B. Lank.  2009.  New 

methods for assessing nesting habitat: air photo interpretation and low-level aerial surveys.  

BC J. Ecosys. Manage.10: 4-14. 

Malt, J.M.  2007.   The influence of habitat fragmentation on Marbled Murrelet (Brachyramphus 

marmoratus) habitat quality in southwestern British Columbia. M.Sc. thesis, Simon Fraser 

University. 

Malt M. and D.B. Lank.  2007.  Temporal dynamics of edge effects on nest predation risk for the 

marbled murrelet.  Biol. Conserv. 140:160–173. 

Malt J.M., D.B. Lank. 2009.  Marbled Murrelet nest predation risk in managed forest landscapes: 

dynamic fragmentation effects at multiple scales.  Ecol. Applic. 19:1274–1287. 

Nelson, T.A., Long, J.A., and Laberee, K. 2009. Mapping change in available Marbled Murrelet 

nesting habitat from 1980 to 2008 in British Columbia, Canada. Report Prepared for the 

Integrated Land Management Bureau, Victoria, BC. 

Royle, J. A. 2004. N-mixture models for estimating population size from spatially replicated 

counts. Biometrics 60: 108-115. 

Waterhouse, F.L., A. E. Burger, A. Cober, A. Donaldson, and P.K. Ott. 2007. Assessing habitat 

quality of Marbled Murrelet nest sites on the Queen Charlotte Islands/Haida Gwaii, by 

algorithm, airphoto interpretation, and aerial survey methods. BC Ministry of Forests and 

Range, Coast Forest Region, Research Section, Nanaimo, BC. Technical Report TR-035. 

www.for.gov.bc.ca/rco/research/wildlifereports/tr035.pdf  

 

http://www.for.gov/


FSP Project Y092067:  Assessing Marbled Murrelet Habitat Quality Measures            April 2009 

10 

Waterhouse, F.L., A. Donaldson, D.B Lank, P.K. Ott and E.A Krebs.  2008.  Using air photos to 

interpret quality of Marbled Murrelet nesting habitat in south coastal British Columbia. B. 

C. J. Ecosyst. Manage. 9:17-37.  

Waterhouse, F.L., A.E. Burger, D.B. Lank, P.K. Ott, E.A. Krebs, and N. Parker.  2009.  Using 

the low-level aerial survey method to identify nesting habitat of Marbled Murrelets 

(Brachyramphus marmoratus). BC J. Ecosyst. Manage  10(1):80-96. 

Waterhouse, F.L., A.E. Burger, P.K. Ott, A. Donaldson, and D.B. Lank. 2010. Does 

interpretation of Marbled Murrelet nesting habitat change with different classification 

methods? BC Journal of Ecosyst.Manage.10(3):20–34. 

www.forrex.org/publications/jem/ISS52/vol10_no3_art4.pdf 

 

Contact: 

 Persons wishing to learn more about our research are encouraged to contact the principle 

investigator, Dr. David Lank, at the Centre for Wildlife Ecology at Simon Fraser University, 

Burnaby BC V5A 1S6.  telephone: 604-291-3010; email: dlank@sfu.ca. 

  


