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The Final Technical Report for this project is in the form of submitted journal papers and an 
extension note which have been deferred for final posting. The following is a summary of 
the results of the two-year project covered by FSP (Y081158 and Y092158). 
 
BACKGROUND 
 
Marbled Murrelets (Brachyramphus marmoratus) are small seabirds which usually nest on 
large mossy limbs (platforms) in old-growth coastal conifers. Based on reductions of nesting 
habitat, the species is federally Threatened and covered by the Species at Risk Act (SARA). 
In BC it is Red-listed and listed under FRPA and the Identified Wildlife Management 
Strategy (IWMS 2004). Research has improved knowledge of the forest habitats used for 
nesting, but significant data gaps remain which hinder management compatible with 
sustainable timber extraction. This project provides key information on:  

• The re-use of nest trees in different years by murrelets and the environmental factors 
affecting re-use (Project A);  

• Regional and local factors which affect tree architecture, limb size and epiphyte 
development and hence platform availability (Project B). 

 
 
PROJECT OBJECTIVES 
 
Our overall goals are to analyse existing data on nest re-use and platform/moss development 
in forest canopies, follow up with field research targeted to test hypotheses and fill 
knowledge gaps, and apply our results in policy development and forest management. 
Specific objectives: 
 
Project A (nest re-use): 

• Collate database of all available nest tree data plus relevant environmental data. 
• Identify the extent of nest re-use in BC and factors affecting it, using statistical 

analysis. 
• Produce manuscript submitted to a journal. 

 
Project B (platform/moss development): 

• Collate database of RISC plots (and other sources) sampled to assess murrelet habitat 
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murrelets. 
• Statistical analysis of factors affecting availability of platforms and moss in trees. 
• Produce preliminary report identifying factors affecting platform/moss development, 

regional data gaps, and specific hypotheses.  
• Year 2 (2008) field sampling to complete the database and test the predictions made 

in preliminary report. 
• Using all data, complete models to explain and predict availability of nest platforms 

(large limbs and epiphytes) within trees. 
• Produce manuscript submitted to a journal. 

 
For both projects: 

• Develop management recommendations in consultation with forestry and wildlife 
practitioners, and the Marbled Murrelet Recovery Team. 

• Pass on information to improve management of murrelet habitat via a formal 
extension note, conferences and workshops, and direct personal communications. 

• Archive all relevant data. 
 
RESULTS & DELIVERABLES – PROJECT A (NEST RE-USE) 
 
Our research team from UVic (A. E. Burger; K. M. Jordan), Simon Fraser University (I. A. 
Manley; M. Silvergieter; D. B. Lank) and the U.S. Forest Service (T. D. Bloxton; M. G. 
Raphael) collated all available data on nest re-use by murrelets in BC. Although the data 
were relatively sparse it is unlikely that additional nest-use data will be forthcoming and our 
analysis shows important trends and regional differences in the re-use of nest sites. A journal 
paper is in press from this study and is summarised below. 
 
Burger A. E., I. A. Manley, M. Silvergieter, D. B. Lank, K. M. Jordan, T. D. Bloxton and M. 

G. Raphael. In press. Re-use of nest sites by Marbled Murrelets (Brachyramphus 
marmoratus) in British Columbia. Northwestern Naturalist. Accepted March 2009.  

 
We assessed the re-use of nest sites (i.e., nest trees) by murrelets in British Columbia using 3 
types of data:  

a) evidence of return of adults to the same nest site;  
b) evidence of multiple nests within the same tree; and  
c) re-checking known nest trees in subsequent seasons for evidence of re-use.  

 
All 3 methods showed evidence of re-use of nest trees in different years, but there were 
marked regional differences in the degree of re-use. On the Sunshine Coast (Bunster Range 
and Desolation Sound; Southern Mainland Coast region) re-use of nest trees appeared to be 
relatively common: 25% of nest trees contained more than 1 nest site; 23% of known trees 
were re-used within 1-3 years of discovery. The small sample from East Vancouver Island 
showed evidence of re-use: 1 of the 2 nest trees had 2 nests. In contrast, we found infrequent 
re-use of nest sites in Southwest Vancouver Island: only 8% of nest trees climbed showed 
evidence of multiple use and repeated use was found in 1 of the 8 nest trees checked 1-6 
years after discovery. Re-use of nest trees was most frequent in regions with extensive loss 
of nesting habitat due to logging (Southern Mainland Coast and East Vancouver Island) and 
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rare in a less disturbed region (Southwest Vancouver Island). Overall, 26 (18%) of 143 nest 
trees climbed showed evidence of multiple nesting in separate seasons.  
 
Management implications 
Our study contributes to both policy development and field management of Marbled 
Murrelet nesting habitat in British Columbia, and our results will be important for 
management in the U.S. too. At the policy level we confirmed that re-use of nest sites does 
occur frequently enough to be considered within the SARA framework. Known nest sites, 
whether currently active or active in past seasons, and the buffering forest stand around them 
should be considered as “residences” as defined by SARA. The application of this definition 
should certainly be enforced in the murrelet conservation regions where there has been 
greatest habitat loss (i.e., East Vancouver Island and the Southern Mainland Coast; Burger 
2002; CMMRT 2003) and within parts of the other regions where extensive habitat loss has 
occurred. We recommend annual monitoring of known nest sites, especially in these highly 
modified regions, to increase our knowledge of long-term trends in the use of nest trees and 
the need to protect known nest stands as “residences” under SARA. 
 
Relative to field management, our study reinforces the need to protect known nest sites, 
especially in those areas where habitat loss has been extensive. Furthermore, our results 
need to be incorporated into management efforts to minimize predation risk for nesting 
murrelets within the forests. Reduction of nesting habitat in old-growth forests by clearcut 
logging is acknowledged to be the greatest threat to Marbled Murrelet through most of their 
range, including in British Columbia (reviews by Ralph et al. 1995; Nelson 1997; Burger 
2002; McShane et al. 2004; Piatt et al. 2006). Increased predation risk due to habitat 
fragmentation, creation of edges preferred by important predators, and the increase of 
predator densities in the Pacific Northwest are related problems (see reviews cited above). 
Although data on the fate of breeding attempts is extremely sparse, murrelets have low 
reproductive output and predation is the most commonly documented cause of nest failure 
(see reviews above). The most detailed observations of nests re-used in subsequent years 
suggests that nest predation is exceptionally high in such situations (Hébert et al. 2003; 
Hébert and Golightly 2007), although nesting success was higher in the re-used nests 
observed by Singer et al. (1995). Clearly, additional research is needed to quantify the 
change in predation risk resulting from reduced habitat options where murrelets more often 
re-use the same nest tree in subsequent seasons.  
 
Re-use of nest trees is relatively infrequent in British Columbia, even in regions where the 
murrelets seem to have limited choices. Managers should therefore aim to provide murrelets 
with the forest conditions with which the species has evolved, i.e., large tracts of late-seral 
forest with many large platform-bearing trees providing multiple choices for nest sites. The 
precautionary approach would be to provide multiple nest site options per stand. 
Furthermore, where habitat is reduced and nest re-use is likely steps should be taken to 
minimize predation risk, for example by reducing anthropogenic attractants to corvids and 
squirrels and by minimizing roads and fragmented forests which tend to benefit some nest 
predators (Raphael et al. 2002, Marzluff and Neatherlin 2006). 
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RESULTS & DELIVERABLES – PROJECT B (PLATFORM/MOSS 
DEVELOPMENT) 
 
For habitat research and management purposes, potential nest platforms for Marbled 
Murrelets are defined as limbs and deformities > 15 cm in diameter and >10 m high in trees. 
Considerable research has shown the need for such platforms by nesting murrelets and 
strong correlations between platform availability and murrelet nesting (reviews by Ralph et 
al. 1995; Nelson 1997; Burger 2002; McShane et al. 2004; Piatt et al. 2006). Nevertheless, 
information is sparse on the factors affecting the availability of platforms and the 
development of thick mossy mats which contribute to most platforms used as nest sites. 
 
For geographic analysis in this project we used 6 conservation regions identified by the 
Canadian Marbled Murrelet Recovery Team (CMMRT 2003):  

• Haida Gwaii/Queen Charlotte Islands (hereafter Haida Gwaii or HG);  
• Northern Mainland Coast (NC);  
• Central Mainland Coast (CC);  
• Southern Mainland Coast (SC);  
• East Vancouver Island (EVI); and  
• West and North Vancouver Island (WNVI). 

 
In year 1 (2007-08) we collated data from past research projects that had been collected 
following the standard RISC (2001) protocols for describing Marbled Murrelet forest 
nesting habitat. These included studies in: 

• Clayoquot Sound (WNVI region) by the British Columbia Ministry of Environment 
(e.g., Rodway and Regehr 2002, Bahn and Newsom 2002). 

• Sunshine Coast (SC) by Manley (1999). 
• Haida Gwaii by the British Columbia Ministry of Environment (McClelland et al. 

2000),  
• in Desolation Sound (SC), Clayoquot Sound (WNVI and EVI) and the Woss 

landscape unit (WNVI) by the Simon Fraser University (SFU) Marbled Murrelet 
research team headed by F. Cooke and D. B. Lank (e.g., Bradley 2002, Malt and 
Lank 2007); and  

• southwest Vancouver Island (WNVI) and southeast Vancouver Island (EVI) by a 
research team from University of Victoria (UVic) led by A. E. Burger (e.g., Burger 
et al. 2000, Burger and Bahn 2004).  

In addition, in year 2 (2008-09) we undertook field studies to provide samples from regions 
that had few or no data, specifically: 

• the North Coast (Prince Rupert and Kitimat areas),  
• Central Coast (Broughton Archipelago, Knight Inlet, and Bella Coola areas) and  
• East Vancouver Island (between Sooke and Campbell River)  

We also found and included additional data in 2008 from Haida Gwaii (A. Cober, MoE). 
 
Overall we collated a large database which provides samples from most of the range of the 
Marbled Murrelet in British Columbia (Table 1). Snags (1653 tree records) were excluded 
from all analyses, leaving 29,763 trees. 
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Table 1. Summary of sampling effort in the platform database 

Marbled Murrelet Conservation Region 
No. of 

watersheds* 
No. of 
sites 

No. of trees 
(excluding 

snags) 
Haida Gwaii/QCI (HG) 18 65 1467 
Northern Mainland Coast (NC) 14 46 1627 
Central Mainland Coast (CC) 26 45 1709 
Southern Mainland Coast (SC) 44 495 8251 
East Vancouver Island (EVI) 35 87 3069 
West & North Vancouver Island (WNVI) 33 674 13,646 
Total all regions 170 1412 29,763 

*These are minimum numbers because watersheds were not reported in all data sets.  
 
In the database each row provides information on the site and one tree within a plot or 
transect. Site variables include: UTM location; elevation; slope; aspect; biogeoclimatic 
subzone, site series and productivity unit; crown closure; stand age; and height class. Tree 
variables include: species; diameter; height; stratus reached; number of potential murrelet 
nest platforms; epiphyte cover and thickness; and mistletoe infestation score. The data are 
archived at the B.C. Wildlife Species Inventory (URL: 
http://www.env.gov.bc.ca/fia/wsi.htm) and can be downloaded as Excel spreadsheets.  
 
For statistical analysis, Classification and Regression Tree (CART) analysis (De’ath 2002) 
was used to classify platform availability in trees based on predictor variables. Classification 
trees were used to test presence/absence of platforms as a binary variable and ranked counts 
(PLATCODE with numbers of platforms grouped as: 0; 1; 2-5; 5-10; and >10). An example 
of a classification tree (for presence/absence of platforms) is shown in Figure 1. 
 
The CART models indicated that tree diameter (DBH) was the most important predictor of 
platforms availability and number of platforms per tree in the pooled data and within each 
region. In most regions platforms become available at DBH > 60 cm, but on East Vancouver 
Island DBH needs to be > 96 cm and possibly on the Central Coast > 82 cm. Depending on 
the region, other predictors of platforms included tree height, tree species, and to a lesser 
extent elevation, slope and latitude. In locations where these species were common, Sitka 
spruce (Picea sitchensis), Douglas-fir (Pseudotsuga menziesii) and yellow cedar 
(Chamaecyparis nootkatensis) were consistently more likely to provide platforms than other 
tree species. The widespread western red-cedar (Thuja plicata) was consistently less likely 
to provide platforms than other species, while firs (Abies amabilis and A. grandis) and 
hemlocks (Tsuga mertensiana and T. heterophylla) showed region-specific capabilities to 
provide platforms. Trends in platform counts (PLATCODE) relative to DBH, region and 
tree species are shown in Figure 2.  
 
Most (72%) trees providing platforms had epiphytes (mainly moss) covering one third or 
more of branches and 81% had epiphyte thickness scored as intermediate or thick mats. 
Canopy trees with one or more platforms were significantly more likely to have higher 
scores of moss cover and moss thickness than those with no platforms, and the difference 
was accentuated in trees with multiple platforms (Figure 3). Mistletoe deformities were 
found in 20% of all canopy trees but generally occurred on trees that also provided mossy 
pads, and most mistletoe deformities were likely too small to be a nest site. Consequently 
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mistletoe deformities were considered to be a minor source of nest platforms for murrelets in 
British Columbia.  
 
Management implications 
Our results provide an important benchmark in the management of nesting habitat for the 
Marbled Murrelet. Throughout most of the range in British Columbia managers should not 
expect habitat to be suitable until a substantial proportion of the trees in a stand exceeds 60 
cm in diameter. The threshold is larger (90-100 cm DBH) on East Vancouver Island and 
perhaps also on the Central Coast (~80 cm). For EVI this difference is important. Within 
British Columbia, this coastal region has experienced the greatest loss of likely forest 
nesting habitat due to logging, urbanization and agriculture (probably >75% of the pre-
industrial habitat; Burger 2002), and the Canadian Marbled Murrelet Recovery Team has 
recommended retention of 95% of the remaining habitat with recruitment required to 
increase habitat area (CMMRT 2003). If trees take longer to reach the threshold for 
providing potential nest platforms on EVI then recovery of the murrelet in this region can be 
expected to be more protracted and require more careful management and selection of 
habitat for recruitment.  
 
In addition to DBH, our CART models provide managers with simple guidelines to the 
regional factors likely to be important in providing platforms and promoting epiphyte 
growth. The large samples of trees used in our analyses and the high proportion of correct 
classification in our models give some confidence in the application of these data to 
management. 
 
Our data indicate that Sitka spruce (generally on floodplains and lower slopes), Douglas-fir 
(in drier BEC subzones) and yellow-cedar (generally in higher elevations) should provide 
potential nest platforms more often than other species, whereas the widespread western red-
cedar is consistently poor. Hemlock and fir species frequently provide platforms, but local 
research is needed to determine whether they are a preferred species or not. Species 
composition should therefore be considered when selecting stands for maintaining murrelet 
habitat and in developing regional algorithms for identifying suitable habitat for murrelets. 
Species composition might be particularly important where managers are selecting stands as 
Wildlife Habitat Areas (WHAs) for murrelets or regenerating immature forest for future 
recruitment of murrelet habitat. Habitat recruitment is not a major focus of management at 
present, but the dearth of available old-seral habitat in the southern mainland (South Coast) 
and east Vancouver Island (Burger 2002, CMMRT 2003) means that recruitment of 
regenerating forest as nesting habitat is likely to be an important option in the near future. 
 
A journal paper containing these results has been completed and will be submitted to 
Canadian Journal of Forest Research: 

Burger, A.E., R.A. Ronconi, M. Silvergieter, C. Conroy, V. Bahn, I.A. Manley, A. 
Cober, and D.B. Lank. Factors affecting the availability of potential nest platforms for 
Marbled Murrelets in British Columbia. 

The data were also used in the following thesis: 
Silvergieter, M.P. 2009. Multi-scale analyses of nest site selection and fledging success 
by marbled murrelets (Brachyramphus marmoratus) in British Columbia. M.Sc. thesis, 
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Department of Biological Sciences. Simon Fraser University, Burnaby, B.C. 
 
Additional applications of the canopy/platform database 
 
Forest canopy ecosystems remain one of the least studied components of the coastal 
coniferous forests of the Pacific Northwest (Lowman and Rinker 2004). These canopies 
support diverse communities of lichens, bryophytes, ferns, other plants, and invertebrates 
and are important in nutrient cycling and biodiversity. Cones and canopy epiphytes support 
assemblages of arboreal mammals. The mossy pads which provide the preferred nesting 
sites for Marbled Murrelets are also important habitats for these diverse canopy 
communities. Our large database of site, tree and canopy features is suited for investigating 
a range of forest dynamic and canopy ecosystem topics. With  the goal of  encouraging the 
use of these data for canopies and forest dynamics we have archived our data where they can 
be readily downloaded (B.C. Wildlife Species Inventory: 
http://www.env.gov.bc.ca/fia/wsi.htm) and drafted an extension note to publicize the 
availability and application of these data: 

Burger, A.E. New database offers opportunities for canopy research in British 
Columbia’s coastal forests. Completed and to be submitted to BC Journal of 
Ecosystems & Management. 

 
In addition to continued investigations on Marbled Murrelet nesting habitat, these data 
should be suitable for a variety of canopy-related research that might include studies of 
habitat availability for invertebrates (e.g., Winchester and Fagan 2000; Fagan et al. 2006; 
Lindo and Winchester 2008), lichens and bryophytes (e.g., McCune 1993; Lyons et al. 2000, 
Pipp et al. 2001), arboreal mammals (e.g., Carey 1996, Carey and Johnson 1995) or birds 
which forage or nest in the canopy, such as the Northern Goshawk (Accipiter gentilis; e.g., 
Squires and Kennedy 2006).  
 
Infestations of dwarf mistletoe (Arceuthobium campylopodum), a parasite of many 
coniferous trees but most common on western hemlock (Tsuga mertensiana), cause 
deformities (witches brooms) in the limbs. Because murrelets occasionally nest in these 
deformities (Nelson 1997) mistletoe infestations were included in the database, using a 
standard scoring system. These canopy data could be used to investigate factors associated 
with mistletoe across coastal B.C. in order to better understand the extent and degree of such 
infestations (Geils and Hawksworth 2002; Muir et al. 2004). 
 
Most of the data have precise site locations, allowing links to be made with GIS databases 
and remote sensing data such as satellite imagery or air photos. When combined with such 
georeferenced data the canopy database could be applied to investigate coast-wide or 
localized trends in forest structure and dynamics. These might include: trends in tree size, 
species composition, epiphyte development or mistletoe infestations; canopy and tree 
changes relative to chronosequences (Frazer et al. 2000); or fine-scale gap dynamics (e.g., 
Daniels and Stan 2004, Daniels and Gray 2006).  
 
FUTURE RESEARCH 
We have applied for one further year of FSP funding for expanding our platform canopy 
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database to include data available from northeast Vancouver Island (J. Deal, Western Forest 
Products Ltd.) and the Central Coast (T. Chatwin, Ministry of Environment). We will use 
the new data to test the predictive models developed in our current work. In addition we plan 
to expand the application of the canopy/platform data beyond Marbled Murrelets and apply 
the large data set to broader issues of canopy ecosystems, mistletoe infestation, and forest 
stem dynamics. 
 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Figure 1 - Classification tree for Platform presence (1) and absence (0) using all data pooled 
across six regions: Haida Gwaii (HG), North Coast (NC), Central Coast (CC), Southern 
Mainland Coast (SC), East Vancouver Island (EVI), West & North Vancouver Island 
(WNVI).  The first split (node 2) shows that trees with a diameter at breast height (DBH) > 
61cm are more likely to have platforms present. 
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Figure 2 – Effects of region and DBH on PLATCODE (rank 0 to 4) for seven tree species or 
species groups. 
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Figure 3. Frequency distribution of canopy and emergent trees showing the relationships 
between epiphyte cover (left graphs) and epiphyte thickness (right) and numbers of potential 
nest platforms per tree. Trees with platforms generally had epiphyte cover and those with 
multiple platforms almost invariably had thick mossy mats. 
 
 


