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 PREFACE 
 
This project on Marbled Murrelets included three major components (see Abstract). 
There is therefore no single journal paper or technical report to submit as the final 
technical report. We have instead produced a summary of the completed work, listed the 
products submitted to the MOFR library and described the extension work. Although this 
report covers the end of the three-year FSP grant (projects Y051061 in 2004-2005, 
Y062061 in 2005-2006, and Y073061 2006-2007), the UVic team’s work on Marbled 
Murrelets continues and additional products from this  work will be produced in 2007-
2008 (e.g., Ronconi’s dissertation expected Dec 2007; paper on radar and habitat 
associations by Burger & Page). Details of previous products and extension work in 
2004-2005 and 2005-2006 are given in the progress reports for those years and will not 
be repeated here. 
 
ABSTRACT 
 
This report covers research on the threatened Marbled Murrelet (Brachyramphus 
marmoratus) undertaken in 2004-2006 by the University of Victoria team with funding 
from the Forest Science Program. There were three major components to the research:  

i) a radar/habitat study on southwestern Vancouver Island and Clayoquot Sound 
(Burger & Cragg);  

ii) GIS analysis of nesting habitat in old forests of southern Vancouver Island (Page); 
and  

iii) a study of foraging and marine habitat use (Ronconi’s PhD work under Burger’s 
supervision).  

All of these studies are ongoing in 2007-2008 but our group has produced several 
products already available to researchers and managers. In 2006-2007 these include: 

• two papers in press in refereed biological journals; 
• four papers submitted to refereed biological journals; 
• one draft paper requiring minor revisions before submission to a journal; 
• databases and site descriptions covering the dawn and dusk radar surveys made in 

Clayoquot Sound in 2006; 
• a GIS database for predicting and mapping likely murrelet nesting habitat based 

on forest cover, topographic and satellite imagery data. 
The major contributions of this work have been to improve understanding of the 
population trends, nesting habitat requirements and marine habitat use of Marbled 
Murrelets. Our radar counts from southwest Vancouver Island provide an essential 
baseline for future population monitoring as well as setting current management priorities 
and understanding landscape-level habitat associations. Our Clayoquot Sound radar data 
provided the first test of population change spanning 10 years (1996-1998 vs. 2006), and 
showed no significant change over this period in mean numbers of murrelets entering 15 
watersheds. Our GIS analysis is providing the BC Ministry of Environment and Marbled 
Murrelet Nesting Habitat Recovery Implementation Group with essential data on habitat 
areas in southern Vancouver Island, and will be linked with the radar data for landscape-
level analysis of habitat associations. The marine study is combining a range of measures 
(e.g., at-sea surveys, hydroacoustic measures of prey abundance, behavioural 
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observations, GIS databases) to explain the at-sea distribution of murrelets and the factors 
affecting them at sea. All of there are important to the conservation and management of 
this species in British Columbia and elsewhere in its range.  
 
INTRODUCTION 
 
Marbled Murrelets (Brachyramphus marmoratus) are small, diving seabirds which forage 
in nearshore seas and usually nest high in old conifers (Nelson 1997, Burger 2002).  
Murrelets are listed as Threatened in Canada by COSEWIC, Red-listed by the BC 
Provincial Govt., and identified as a species at risk under the BC Forest and Range 
Practices Act (FRPA).  Loss of nesting habitat due to ongoing logging of old-growth 
nesting habitat is the primary threat, but oil spills and fisheries by-catch are additional 
threats. The murrelet’s need for old-growth nesting habitat has created conflict with 
industrial timber supply in many parts of coastal BC. Despite considerable research on 
this species, there are still large uncertainties and data gaps affecting management and 
conservation decisions (Burger 2002, CMMRT 2003, Piatt et al. 2006). In particular, the 
inter-relationships between habitat quantity, habitat quality, nesting densities, and 
population size within watersheds remains unclear. Moreover research on the murrelet’s 
marine foraging component has not kept pace with inland research, and we are one of the 
few research groups addressing marine issues for this species.  
 
Our research group at the University of Victoria has covered on both inland (nesting) and 
marine (foraging) habitats of the murrelet, mainly on southwestern Vancouver Island. 
This area supports one of the largest sub-populations of murrelets within BC (Burger 
2002, Piatt et al. 2006) and is also an area where interests of the timber industry conflict 
with those of the murrelet. Building on continuous research in this area since 1990, our 
work in the past three years has focused on three aspects of murrelet biology and 
management: 

i) the use of radar to count murrelets using watersheds on southwestern Vancouver 
Island (Barkley Sound and south in 2002-2005 – reported in previous FSP 
progress reports) and in Clayoquot Sound (in 2006 – see below);  

ii) a study of foraging and marine habitat use off southwestern Vancouver Island 
(mainly the West Coast Trail within Pacific Rim National Park) which is Rob 
Ronconi’s PhD work under Burger’s supervision. 

iii) a comprehensive GIS analysis of nesting habitat in old forests of southern 
Vancouver Island providing maps and estimates of habitat area to link with the 
radar and marine studies and provide habitat data to forest managers and  help the 
murrelet’s recovery process. 

 
This report summarises the work done with funding from the Forest Science Program of 
FIA (2004-2007). The research was also supported by grants to Burger from several other 
agencies (see Acknowledgements) and there was wide overlap between the FSP-funded 
work and the other projects undertaken by our UVic research group and by Burger in his 
consulting capacity. We have therefore included some products not directly funded or 
partially funded by the FSP grants but relevant to the goals of our FSP study. This report 
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focuses on work done in 2006-2007. For products and work done in 2004-2005 and 
2005-2006 please see our progress reports from those years files at the FSP web-site. 
 
PROJECT PROGRESS IN 2006-2007 
 
Our three main projects in 2006-2007, radar surveys in Clayoquot Sound, GIS analysis of 
habitats, and Ronconi’s project on the West Coast Trail (WCT), were all successful but 
there were some set-backs. In Clayoquot Sound we exceeded our objective of 60 radar 
surveys. By obtaining additional support from the Canadian Wildlife Service (Dr. Doug 
Bertram) and the loan of a second radar unit from the BC Ministry of Environment 
(Trudy Chatwin) we were able to offset the costs to the UVic project considerably and 
deploy two radar crews in Clayoquot Sound. To use these teams most efficiently we 
developed a new field procedure whereby one team of two observers worked from the 
support vessel while another team of two did simultaneous surveys at another nearby 
watershed. The vessel was used to move the shore team from site to site which proved far 
more cost effective than the methods used in 1996-1998. Despite losing some surveys to 
rain and technical hitches (which are unavoidable) we were able to sample 15 watersheds 
as planned and completed sufficient surveys to make statistical comparisons with the 
1996-1998 data. Our 2006 data are already being used for planning of reserves for 
Marbled Murrelets in Clayoquot Sound by the Ministry of Environment (Trudy Chatwin 
and Jenna Cragg). 

Our GIS analysis of habitat continued with Dr Page working for 1 month in 2006-
2007. The habitat map for southern Vancouver Island, combining forest cover, satellite 
and topographic data, is the best to date and we have passed it on to the BC Ministry of 
Environment staff to provide a reliable habitat map to the Marbled Murrelet Recovery 
Team and Recovery Implementation Group. Unfortunately due to changes in computers 
in the Department of Geography GIS lab much of Page’s murrelet habitat data became 
inaccessible in January 2007. This problem persisted for several months and as a result 
we were not able to complete the habitat analysis portion of our projects, nor the 
extension note covering the GIS habitat analysis. This work will be completed in May 
and June 2007. 

Ronconi’s project on the WCT suffered some set-backs with the failure of a new 
hydroacoustic sounder system to sample prey densities, despite many efforts to find the 
problems. Few data were therefore obtained on prey densities in this season. Ronconi did 
complete his sampling for all other aspects of the research (e.g., instantaneous scans for 
time budgets, boat surveys for spatial distribution and grouping). In addition, with the aid 
of intern Trevor Haynes, he completed a novel and valuable study of sand lance habitat 
use and behaviour in the exposed waters of the WCT, and his team also completed a 
unique video-mapping of the sea floor substrates along his boat transect routes. Both of 
these data sets will greatly improve Ronconi’s ability to explain and predict the spatial 
distribution of murrelets as he begins his  multi-variate analysis and spatial modeling. 
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ANNOTATED LIST OF PRODUCTS COMPLETED IN 2006-2007 
 
Products 1-8 were uploaded to the MoFR library website in April 2007, products 9 and 
10 are available on the websites given below, and product 11 was provided in the April 
2006 FSP upload. 
 

1. Description of radar sites used in 2006 in Clayoquot Sound. File: MaMu Clayoquot 
radar 2006 site descriptions.pdf 

We documented in detail the location, access and characteristics of the 14 sites 
used for radar monitoring of 15 watersheds in Clayoquot Sound. These sites were 
also used in 1996-1998. Detailed documentation will facilitate the correct 
placement and orientation  of radar units in the future to ensure comparable data 
with our study.  

 
2. Database of radar detections from the 2006 Clayoquot Sound study. File: Marbled 
Murrelet Radar Detections_CS2006.xls 

As recommended by the Marbled Murrelet recovery team we have archived our 
data in the standard format (prescribed Excel workbook) provided by the radar 
standards for Marbled Murrelets in BC (Manley 2006). These data are being 
submitted to the Canadian Wildlife Service (Dr. Doug Bertram) and the provincial 
Wildlife Species Inventory (http://www.env.gov.bc.ca/fia/wsi.htm) for archiving.  

 
3. Burger, A. E. and J. L. Cragg. Radar counts of Marbled Murrelets in Clayoquot Sound, 
2006 compared with 1996-1998. Draft paper completed, to be submitted to BC Journal of 
Ecosystems and Management. 

This paper assesses seasonal and time-of day (Dawn vs. Dusk) variations in 
counts of Marbled Murrelets made with radar in Clayoquot Sound in 2006. The 
paper compares dawn and dusk counts made at 14 stations covering 15 
watersheds in 2006 with those made at the same sites a decade earlier over three 
years (1996-1998). This is the first time that radar counts spanning a decade have 
been undertaken in the same sites. We confirmed that dusk surveys produced 
lower and more variable counts than at dawn, but we conclude that both dawn and 
dusk counts provide valuable data for monitoring murrelets. As in 1996-1998 we 
found no consistent seasonal variations within the core period of sampling (mid-
May through mid-July). We found no significant differences in the mean dawn 
and dusk counts at the 15 watersheds in 1996-1998 and 2006, although there were 
some variations among individual watersheds. There were 4% more birds on 
average in dawn surveys in 2006 than in 1996-1998, but 8% fewer birds counted 
in dusk surveys in 2006. Our data suggest a stable population in Clayoquot Sound 
despite changes in the marine environment, but we were not able to test for the 
effects of logging because relatively little logging of old forests had occurred in 
the past decade within the sampled watersheds. Our data contribute to the long-
term monitoring effort of murrelets across their BC range. A companion paper 
assessing effects of habitat on murrelet counts is in progress (see Burger and 
Page, in prep., in the next section). 
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4. Burger A. E. and R. E. Page. The need for biological realism in habitat modeling: a 
reinterpretation of Zharikov et al. (2006). In press - Landscape Ecology. Accepted April 
2007. 

Based on our experience working with landscape-level habitat parameters and 
algorithms in GIS, we re-assessed the findings of Zharikov et al. (2006). Their 
conclusions that Marbled Murrelets preferred to nest in fragmented habitats and 
close to forest edges were not supported by their own data. We identified problems 
with the interpretation of most of the major conclusions reached in this paper. Our 
review and reinterpretation of this paper is important because the paper suggested 
habitat use and possible management scenarios which differed from the guidelines 
of the Canadian Marbled Murrelet Recovery Team (CMMRT 2003) and the 
Identified Wildlife Management Strategy (IWMS 2004). This is a refereed 
publication. 

 
5. Ronconi, R. A. and A. E. Burger. Limited foraging flexibility: increased foraging effort 
by a marine predator does not buffer against scarce prey. Submitted to Animal 
Behaviour. 

This is the first paper to come from Rob Ronconi’s PhD work. The paper  
assesses the effects of changing marine conditions on the foraging activity 
budgets of Marbled Murrelets off southwest Vancouver Island, and their ability to 
buffer their breeding success against the effects of variable prey availability. 
Hydroacoustic surveys and the activities of foraging murrelets indicated reduced 
prey abundance in 2005 relative to 2004 and 2006. Juvenile recruitment (ratio of 
juveniles to adults at sea) was lowest in 2005. Models of the field data on foraging 
activities indicated that Year and Breeding Phase had the greatest impact on 
foraging behaviour, with additional variation among Sites. Murrelets increased 
foraging effort during energetically expensive periods (incubation and chick-
rearing in one year), during periods of low prey, and across sites with low prey. 
Despite their flexible activity budgets, increased foraging effort by murrelets in 
2005 was inadequate to ensure normal levels of reproductive success. Thus, 
flexible foraging behaviour by murrelets may be ineffective when environmental 
conditions are extremely poor. This paper is important in helping to understand 
when marine conditions might affect juvenile recruitment and hence the 
demographics of this threatened species in BC. 

 
6. Haynes, T. B., R. A. Ronconi and A. E. Burger. Analysis of habitat use and behaviour 
of the Pacific Sand Lance (Ammodytes hexapterus), a key prey species for Marbled 
Murrelets off southwestern Vancouver Island. Submitted to Northwestern Naturalist. 

This study was part of Ronconi’s study investigating factors affecting murrelets at 
sea off southwest Vancouver Island. Sand lance are the most important prey for 
murrelets during their breeding season and understanding factors which affect the 
distribution and abundance of sand lance will help identify critical marine habitat 
and factors affecting murrelets at sea. The study showed that sand lance avoided 
sites with no subtidal sediments, preferred sites with mean sediment particle sizes 
� 1290 �m and avoided mixed sediments (sorting values < 3.09 S.D.; standard 
deviation of particle size used as a heterogeneity index of the substrate grain size). 
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Sand lance aggregated into larger schools to feed and these schools tended to 
occur in the mid water column compared to non-feeding schools which remained 
closer to the seafloor. Near the beaches, 0-year (young-of-the-year) sand lance 
were found in deeper water compared to older sand lance (1+ year classes). This 
paper provides valuable predictors of sand lance habitat use which will be used by 
Ronconi in his larger habitat modeling analysis (in progress). 

 
7. Wong, N.P., R. A. Ronconi, A.E. Burger and B. Hansen. Marine Habitat Use of 
Juvenile Marbled Murrelets (Brachyramphus marmoratus) off Southwest Vancouver 
Island. Submitted to Condor. 

Monitoring the densities of newly-fledged juveniles and the juvenile:adult ratios 
at sea is the only known method for tracking recruitment or breeding success of 
Marbled Murrelets. Habitat use by juveniles can obviously affect these measures, 
but is poorly known. This study compared habitat use of juveniles and adults at 
sea off southwestern Vancouver Island using data from 1991-2005. Behavioral 
data were collected from land based surveys via instantaneous scan sampling. 
Locations of murrelets at sea were mapped from cliff-top vantage points using a 
theodolite and GIS was used to compare the distances from shore of juveniles and 
adults. Data from boat surveys were analyzed using GIS kernel density analysis to 
compare adult and juvenile murrelet distributions at sea. At fine-scales (1-100 m), 
juveniles were associated with adults, however they were found significantly 
closer to shore than adults. At coarse-scales  (1-10 km), juvenile and adult 
distribution overlapped on a daily basis but showed less overlap with annually 
averaged distributions. Juveniles typically were solitary foragers, yet juveniles 
may be attracted to adult foraging areas. Our results indicate that monitoring 
juvenile:adult ratios using boat transects off southwest Vancouver Island, as an 
indicator of breeding success, need not take into account possible ‘nursery areas”, 
although the proximity of juveniles to the shoreline means that monitoring must 
consistently include waters closest to the shore. “Corrected” ratios should be used 
to account for emigration of adults due to postbreeding dispersal. 

 
8. Burger, A. E., C. L. Hitchcock, E. A. Stewart, and G. K. Davoren. In press. 
Coexistence and spatial distributions of Marbled Murrelets and other alcids off southwest 
Vancouver Island, British Columbia. Auk. Accepted Feb 2007. 

Using data from repeated vessel transects off the West Coast Trail in 1993-1996, 
this paper compares the densities and spatial aggregation of Marbled Murrelets 
with other piscivorous species of the same Alcidae family. The diets of murrelets 
overlapped considerably with those of Common Murres (Uria aalge) and 
Rhinoceros Auklets (Cerorhinca monocerata), but the study showed important 
differences in habitat use and social aggregations at sea. The densities of Marbled 
Murrelets were among the highest reported at sea in the species’ range. Murrelets 
were concentrated close to the shore (>75% within 0.6 km and virtually all within 
2.0 km of the shore), usually in water <20 m deep. They showed strong fidelity to 
certain sectors along the coast from year to year. Common Murres and 
Rhinoceros Auklets were not as closely associated with nearshore habitat as 
murrelets, and their longshore distribution also differed from that of murrelets. 
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Neighbor-K analysis showed that murrelets were usually segregated from murres, 
and to a lesser extent auklets, but murres and auklets were usually aggregated 
together. Murrelets also left the area after breeding, whereas numbers of murres 
and auklets increased from June through August. Marbled Murrelets showed 
marked differences in marine distributions from those of other fish-eating alcids 
and interference competition from the larger murres and auklets appears to be a 
factor affecting murrelet distribution. This study indicates that using other 
colonial-nesting alcids (such as murres or auklets) as proxies for murrelets in 
trying to understand the effects of marine and climatic changes could be a 
problem. 

 
9. Piatt, J.F.,  K.J. Kuletz, A.E. Burger, S.A. Hatch, V.L. Friesen, T.P. Birt, M.L. 
Arimitsu, G.S. Drew, A.M.A. Harding, and K.S. Bixler. 2006. Status Review of the 
Marbled Murrelet (Brachyramphus marmoratus) in Alaska and British Columbia. U.S. 
Geological Survey Open-File Report 2006-1387. URL: 
http://pubs.usgs.gov/of/2006/1387/ 

In 2006 the US Geological Survey sponsored a major review of information on 
the Marbled Murrelet from Alaska and British Columbia. Burger was asked to 
collate and summarise information from British Columbia. Although not funded 
by FIA or FSP this review drew heavily on recent studies made in BC which were 
funded by these programs. In addition to contributing BC data on all the chapters, 
especially those on inland and marine habitat use, population size and trends, and 
ongoing conservation efforts, Burger was the lead author to two comprehensive 
appendices: 
Appendix D. Burger, A. E. Current Population Estimates—British Columbia. 
The appendix updates recent population estimates (mostly very crude) and 
suggests a total population in the province of 54,300 – 92,600 birds (median 
73,000 birds). 
 
Appendix E. Burger, A. E., B. Hansen, E. A. Stewart, D. Bellefleur, D. Edwards, 
H. R. Carter, S. Howlin and A. J. Gaston. Population Trends of the Marbled 
Murrelet Evident from At-Sea Surveys in British Columbia. 
Appendix E summarized multi-year trends in counts of marbled murrelets made at 
sea in BC during the breeding season during the period 1979 to 2006. All six data 
sets with >10 years of data show declines in densities of marbled murrelets and 
these trends were statistically significant at four  sites. Annual rates of change 
ranged between -5.8% and -14.6%. The two surveys in Clayoquot Sound showed 
significant or near-significant rates of decline (-21.3% and -31.2%) in the years 
1996-2000. Four of the data sets with adequate sampling from 1999-2006 showed 
no significant change in densities through these years, indicating that the major 
declines happened prior to 1999. Other published sources on murrelet numbers or 
relative activity in BC also indicate declines over the past century and particularly 
in the past 20 years. The causes of population declines are not known but are 
likely to involve a combination of loss of nesting habitat due to logging and 
changes in ocean conditions affecting foraging at sea. Mortality from fisheries 
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bycatch might also be a factor in some areas. [This appendix is being revised as a 
paper for submission to a journal in 2007] 

 
10. 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. 
Research Section, Coast Forest Region, BC Ministry of Forests and Range. Nanaimo, 
BC. Technical Report TR-035. URL: 
http://www.for.gov.bc.ca/rco/research/vanpublicat.htm 

This study, funded by FIA, was not part of Burger’s UVic study but Burger 
contributed to the field work and analysis of the low-level aerial surveys.  

 
11. Arcese, P., A. E. Burger, C.L. Staudhamer, J.P. Gibbs, E. Selak, G.D. Sutherland, 
J.D. Steventon, S.A. Fall, D. Bertram, I.A. Manley, S.E. Runyan, W.L. Harper, A. 
Harfenist, B.K. Schroeder, D.B. Lank, S.A. Cullen, J.A. Deal, D. Lindsay and G. Jones. 
Monitoring designs to detect population declines and identify their cause in the Marbled 
Murrelet. Submitted to Canadian Journal of Forestry Research. (an earlier draft was 
submitted to FSP in April 2006 as a research product). 

This analysis, being revised for final acceptance in Canadian Journal of Forestry 
Research draws on radar counts made across BC, especially those collated by 
Burger et al. (2004). Much of the recent radar work was funded by FIA and FSP, 
including Burger’s work on southwest Vancouver Island and Clayoquot Sound. 
This paper demonstrates that radar counts provide high statistical power for 
detecting changes in local murrelet populations. On the basis of this analysis radar 
counts were accepted by the Canadian Marbled Murrelet Recovery Team as the 
standard protocol for population trend monitoring. 

 
ANNOTATED LIST OF PRODUCTS IN PROGRESS 
 
1. GIS database of nesting habitat for Marbled Murrelets on southern Vancouver Island.  

Major problems with computers prevented access to the completed GIS analysis 
undertaken by Dr Page as part of the FSP project. Consequently the habitat 
analysis phase of the Clayoquot Sound radar project was not completed and the 
final habitat data were not provided to the Ministry of Environment and Marbled 
Murrelet Nesting Habitat Recovery Implementation Group as proposed. The data 
should be accessible in May and the work completed in June 2007. 

 
2. Burger, A. E., R. E. Page and J. L. Cragg. Landscape-level habitat associations and 
effects of forest change on Marbled Murrelets in Clayoquot Sound.  

Once the problems with accessing the GIS habitat data in the Dept. of Geography 
are solved (see above), we will complete the re-examination of habitat 
associations between murrelets and the amount and quality of habitat within each 
watershed sampled in Clayoquot Sound. We will test whether the significant 
linear relationships between murrelet counts and habitat area found in 1996-1998 
(Burger 2001) persist when we use updated habitat data and we will also test the 
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effects of habitat reduction in the few watersheds in which there was some 
logging between 1996-1998 and 2006. 

 
3. Ronconi PhD dissertation (expected completion December 2006).  
All data collection are completed and analysis is well underway. In addition to the 
products completed (see above) the dissertation will include these chapters: 

• Fine-scale distribution and habitat use, including an assessment of resource  
partitioning between Marbled Murrelets and Common Murres.   

• Marine habitat selection by Marbled Murrelets along southwest Vancouver Island. 
• Defining critical marine habitat for the Marbled Murrelet and its role in marine 

protected area (MPA) planning 
 
SUMMARY OF EXTENSION ACTIVITIES IN 2006-2007 RELATED TO THE 
FSP PROJECT 
 
Please see previous progress reports for extension activities in 2004-2005 and 2005-2006. 
 
1. Marbled Murrelet Recovery Team 
 
Dr Burger served as a member of the Marbled Murrelet Recovery Team and also the 
Marbled Murrelet Nesting Habitat Recovery Implementation Group. Burger was one of 
the principal authors of both the Recovery Strategy and Nesting Habitat Recovery Action 
Plan (both being reviewed by federal and BC govts. in 2007). Both of these documents 
are currently in review by the federal and provincial governments. Interactions with 
members of these two groups, which include representatives from federal and provincial 
governments, the forest industry, non-governmental organizations and universities is the 
most effective way to directly disseminate results from our research into the management 
community. 
 
2. Seminars and conference papers  
 
Burger, A.E., F. L. Waterhouse, and J. Hobbs. 2007. Low-level aerial surveys of Marbled 

Murrelet nesting habitat: a review of the protocol and application on the North 
Coast, British Columbia. Pacific Seabird Group, Feb 2007, Asilomar, California. 

Waterhouse F.L., A. Donaldson, D.B Lank, P.K. Ott, E.A Krebs , and A.E. Burger. 2007. 
Using air photos to interpret quality of Marbled Murrelet nesting habitat in south 
coastal British Columbia. Pacific Seabird Group, Feb 2007, Asilomar, California. 

Ronconi R. A. and A. E. Burger. 2007. Can Marbled Murrelets adjust foraging effort in 
poor years: flexible foraging in vain? Pacific Seabird Group, Feb 2007, Asilomar, 
California. 

Bertram, D.F., A.E. Burger, D. Lindsay, A. Cober and A. Harfenist. 2007. Marbled 
Murrelet population estimation and trend monitoring in British Columbia. Pacific 
Seabird Group, Feb 2007, Asilomar, California. 

Burger, A. E., R. A. Ronconi, S. N. P. Wong, B. Hansen and D. Bellefleur. 2007. 
Planning marine protected areas for Marbled Murrelets: the need to identify 
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predictable habitat use. Society of Northwest Vertebrate Biology, Feb 2007, 
Victoria, BC. 

 
3. Workshops 
 
British Columbia Marine Conservation Utility Analysis, Version 2: Seabird experts 
workshop. 8 Dec 2006. Vancouver, BC. (Burger invited participant) 
 
Assessing habitat quality for management of Marbled Murrelets. 30 Jan 2007. Nanaimo 
BC. Presentations contributed from our group: 

• Burger A. E., J. Hobbs, A. Hetherington and D. Steventon. Testing Marbled 
Murrelet habitat algorithms with low-level aerial surveys on the North Coast, BC 

• Cober, A., L. Waterhouse, A. Donaldson, B. Smart and A.E. Burger. Comparison 
of algorithm, air photo and low-level aerial classifications for the Queen Charlotte 
Islands/Haida Gwaii Mapping Project and nest sites. 

• Waterhouse, F.L., A.E. Burger, D.B. Lank, E.A. Krebs, N. Parker, and P.K. Ott. 
Testing low-level aerial surveys to identify Marbled Murrelet nesting habitat. 

 
Marbled Murrelet Marine Distribution and Radar Monitoring Workshop. 31 Jan 2007.  
Nanaimo, BC. Presentations contributed: 

• Burger, A.E. Recent population estimates for Marbled Murrelets in BC. 
• Burger, A.E., J. Cragg, M. Milligan, D. Shaw and B. Vogt. Radar surveys in 

Clayoquot Sound: 2006 compared with 1996-1998. 
• Burger, A. E.,  B. Hansen, E. A. Stewart, D. Bellefleur, D. Edwards, H. R. Carter, 

S. Howlin and A. J. Gaston. Population trends of the Marbled Murrelet evident 
from at-sea surveys in British Columbia. 

 
4. Developing and refining BC wildlife standards 
 
Burger contributed to the standards manual for radar surveys of Marbled Murrelets now 
published (Manley 2006) and Burger and Cragg participated in the refinement of a 
standard database for MaMu radar within the BC Government Wildlife Inventory 
System. 
 
5. Direct application of information with BC forest and wildlife practitioners  

 
• Radar count data were provided to the Ministry of Environment as part of the 

ongoing management of old seral forests in Clayoquot Sound. In addition we 
continue to provide data and input into management of watersheds covered by our 
2002-2005 radar surveys including Toquart, Lucky Creek, Henderson and 
Effingham landscape units. 

• Page provided GIS-based mapping and database information on current nesting 
habitat on southern Vancouver Island to the Marbled Murrelet Nesting Habitat 
Recovery Implementation Group (Chair: Trudy Chatwin, MOE) and Ministry of 
Environment. These data are essential for completing the first reliable inventory 
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of available nesting habitat across the BC range and will form the foundation for 
forest management to meet the recovery goals. 

• Burger and Page had discussions on Marbled Murrelets throughout the year with 
forest industry representatives: Dave Lindsay (TimberWest), Wayne Wall 
(Interfor), and Sue McDonald (Western Forest Products).  

• Burger is working with Louise Waterhouse (MOFR), Alvin Cober (MOE), Trudy 
Chatwin (MOE), and David Donald (MOE) to refine and apply low-level 
helicopter survey methods for assessing Marbled Murrelet nesting habitat in forest 
canopies.  

• Burger & Ronconi had multiple interactions with Parks Canada staff (Bob 
Hansen, Danielle Bellefleur, Dr. Cliff Robinson) concerning the application of 
our data to park management and addressing research needs. Burger & Ronconi 
also were co-authors on research reports produced for Parks Canada. 

• Ronconi, Cragg and Burger collaborated in field work with Dr Martin Raphael 
and Tom Bloxton (both US Forest Service) in their radio-telemetry study of 
Marbled Murrelets in the Strait of Juan de Fuca. This led to the discovery of a 
further 2 nests on Vancouver Island in 2006. 

• Burger is part of an informal group led by Matt Kirchoff (Alaska Fish & Game) 
and researchers of the US Fish & Wildlife Service and US Geological Service 
who are seeking to improve monitoring of Marbled Murrelet populations in 
Alaska, using radar and at-sea monitoring methods refined in British Columbia.  

 
6. Student and graduate training  
 
Our project directly involved the following UVic students in 2006-07: 

• Rob Ronconi ( PhD candidate) – research on murrelet distributions and behaviour 
at sea and links with the forest nesting habitat (three papers submitted to journals 
from his project submitted as project deliverables; final dissertation due Dec 
2007); 

• Undergraduate Co-op student training – two UVic Biology students completed a 
Co-op work term as part of this project (Bonnie Vogt and Nicolette Watson). 

• Other undergraduates employed to gain research experience were Jenna Cragg 
and Marina Milligan. 

Trevor Haynes, a recent MSc graduate, was hired as part of Environment Canada Science 
Horizons program to employ recent graduates; 
  
7. General public 

• Web-site: http://web.uvic.ca/~mamu/  
 
 
CONCLUSIONS & MANAGEMENT IMPLICATIONS 
 
Our research continues to contribute to the recovery of the Marbled Murrelet at many 
levels. Most importantly, our data and conclusions are provided directly to the Marbled 
Murrelet Recovery Team and Nesting Habitat Recovery Implementation Group, and to 
practitioners in BC Ministry of Forests & Range, Ministry of Environment, Environment 
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Canada, Parks Canada, and the forest industry. Our work contributes to recovery, 
planning and management of murrelet forest and marine habitats, especially in the 
following ways: 

• Providing radar databases for long-term monitoring of regional and watershed 
populations, a priority with the Marbled Murrelet Recovery Team (CMMRT 
2003) ; 

• Providing radar data which show the population of specific watersheds and hence 
their importance for management and recovery of the murrelet (see Burger and 
Chatwin 2002); 

• Establishing landscape-level habitat relationships and densities (birds per ha of 
suitable habitat) by combining radar counts with GIS-derived habitat measures 
(Burger 2001); 

• Providing GIS-based maps and habitat area estimates for identifying regional 
habitat targets, core nesting areas and other recovery objectives related to the 
murrelets forest nesting habitat (CMMRT 2003);  

• Providing information on the distribution, habitat use and behaviour of murrelets 
at sea which contribute directly to management of important marine habitats such 
as those in Pacific Rim National Park, and indirectly contribute to understanding 
factors which affect or limit murrelet populations; 

• Combining marine and inland databases to allow comprehensive analysis of 
factors determining the distribution and abundance of murrelets in coastal BC. 
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