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In 2004 I began an investigation of habitat use by Marbled Murrelets along the 

West Coast Trail (WCT) of Pacific Rim National Park, British Columbia.  In this area I 

analyzed historical at-sea surveys of murrelets (1992-2004) to look at patterns of 

distribution, and I initiated fieldwork to study foraging behaviours of murrelets and 

interactions with other seabirds in this habitat in order to explain the spatial distribution 

of murrelets in this area. Once these field data are complete I will model marine 

(foraging) and inland (nesting) habitat for southwest Vancouver Island in order to assess 

factors determining the distribution of murrelets and population limitations in this area. In 

this report I summarize some of our preliminary results and discuss the implications of 

these for future fieldwork (2005) and further thesis work.   

 

Modeling Distribution, Abundance and Habitat Selection at Sea: 

Since 1992, Parks Canada and other researchers have been conducting surveys in 

Pacific Rim N.P. to document the status of Marbled Murrelets and other seabirds in this 

region.  Working with this database I conducted a preliminary GIS analysis on patterns of 

seabird distributions.  The bulk of this work has been to identify “hot spots” of murrelet 

foraging habitat (Figure 1).  From this work I was able to identify high use areas for 

different seabird species and found areas used regularly throughout the season and among 

years.  These results set the framework for behavioural studies (below) so that I could 

focus our observations in areas either critical to murrelets or, in contrast, seldom used by 
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murrelets. This is also an important first step in distribution modeling involving both 

marine foraging and forest nesting habitats. 

 

 
Figure 1. Mean densities of Marbled Murrelets at sea along the West Coast Trail. Identifying 

foraging “hot-spots” shown in red and blue is a first step in identifying the marine and inland 

features that determine the distribution of nesting murrelets in this area. 

 

To model marine habitat selection using resource selection functions (Manly et al. 

2002) I will require information about murrelet distributions and habitat parameters. In 

collaboration with Dr Rick Page in our UVic murrelet group and Parks Canada I am 

compiling GIS data in this region covering both terrestrial habitat (adjacent forest cover, 

suitable nesting habitat) and marine habitat (bathymetry, temperature/salinity, distribution 

and abundance of prey, etc.).   These data will be combined to assess habitat selection 

among sites, seasons, and years. 

 

Patterns of Foraging Activity:     

In 2004, with one field assistant, I conducted extensive fieldwork studying 

foraging behaviours of Marbled Murrelets along the WCT coast.  Fourteen study sites 

were surveyed 2-5 times each using scanning techniques with telescopes.  Scans 

consisted of 20 1-minute scans over each hour of observation.  During each 1-minute 
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interval, the scope was fixed and we recorded the numbers of birds and activity state of 

individuals (resting, diving, bathing, preening, displaying, flying, and flight direction) 

within the field of view (FOV) of the scope.  This was repeated for 20 non-overlapping 

fields of view - 10 along an upper horizontal row and 10 along a parallel lower row.  In 

most of the data reported here the upper and lower FOV data were combined. Preliminary 

results of this work revealed several patterns in foraging activity including diurnal 

patterns, patterns with tides, and different foraging rates among sites. 

Diving and resting accounted for approximately 25% and 74% of the activity 

budgets for murrelets on the water (excluding birds in flight).  The remaining 1% of 

activities including bathing, preening, and displays between pairs, thus diving activity 

was the primary focus of analyses.  Observations were conducted by two observers but 

there were no significant differences in murrelets diving rates between observers (t = 

0.262, df = 398, p = 0.794).   

Diurnal patterns in diving activity with all three data sets showed 

significant effects of time of day on levels of diving activity (Figure 2; 

ANOVA, F = 2.017, df = 15, p = 0.014).  However post-hoc comparisons 

revealed no significant differences among particular hours.  Thus assessment of 

increased foraging activity is mostly qualitative showing peaks at dawn, dusk 

and other peaks mid day.   
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Figure 2 – Diurnal trends in diving activity in Marbled Murrelets 

 

Full-day (dawn to dusk) diving activity was studied at 3 sites and these patterns 

were not consistent among sites.  Only at Carmanah Bay did time of day influence diving 

activity (F14,56 = 2.928, p = 0.002).  Post-hoc comparison showed significant (**p <0.05) 

and marginally significant (*p < 0.1) higher foraging at hour 6 (dawn, 53.2% diving) 

relative to hours 7 (**20.2%), 8 (*23.2%), 9 (**22.1%), 13 (*23.5%), and 19 (**19.7%), 

and higher foraging at hour 20 (dusk, 54.4%) relative to hours 7**, 8**, 9**, 13*, and 

19**.   These comparisons suggest significant diel peaks with more than double the 

foraging effort of periods with suppressed foraging activity, but only at Carmanah Bay. 

Throughout the summer, murrelets were observed holding fish in their bills on 69 

occasions.  Fish-holding behaviour is typically associated with prey delivery to chicks at 

the nest since murrelets carry single-prey loads to their chicks once per day.  

Observations of fish-holding behaviour suggest that dawn and dusk periods are of 

primary importance to prey capture for chick feeding since more fish holding (fish held 

per survey hour) was observed during these periods (Figure 3).  These patterns closely 

match published data on nest attendance periods by adults.   
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Figure 3 – Diurnal patterns in fish holding behaviour by murrelets at sea. 

 

To compare activity budgets among all 14 surveyed sites, I used morning (0600 to 

0900 hrs) and evening (1800 to 2000 hrs) periods because 11 sites were surveyed only 
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during these times.  Despite the dawn and dusk peaks observed at Carmanah (above), 

diving rates during these periods showed no significant differences among the 7 

dawn/dusk hours (ANOVA, F6,725 = 1.916, p = 0.076), thus each survey hour was used as 

an independent sample of diving rates for among site comparison.  Significant differences 

were observed among sites (Figure 4; F11,239 = 2.496, p = 0.006).  Post-hoc analysis 

(Table 1) revealed significantly higher diving rates at Carmanah (site 14) compared to 

four other sites (3, 5, 9, 11), but not the remaining sites. 
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Figure 4 - Differences in diving activity among 12 sites along the West Coast 

Trail.  Site 1 removed due to low sample size, site 10 pooled with site 9 due to 
close proximity. 

 
Table 1 – Post-hoc comparisons of diving rates among sites for significant ANOVA tests.  
Significance values are given for sites significantly different from site 14 (Carmanah).  Hours as 
unit of analysis. 

FOV FOV
Combined Up/Low

Site # N % Diving Sig. N % Diving Sig.
2 33 27.4 26 25.8
3 22 21.2 20 16.0 0.056
4 24 20.7 0.094 18 19.7
5 23 17.0 0.005 23 16.5 0.052
6 27 25.7 21 21.4
7 15 29.4 15 25.9
8 13 23.2 12 19.9
9 22 22.2 11 10.5 0.019

11 14 19.4 13 9.7 0.005
12 14 26.9 13 20.0
13 9 16.6 9 14.1

14 (Carmanah) 35 32.9 28 32.0

Upper
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Alternatively data from hours of morning and evening periods were pooled into 

respective blocks (hours 6-9 in mornings and hours 18-20 in evenings) making time 

blocks the unit of analysis.  Significant differences were observed among sites (F10,67 = 

2.446, p = 0.015).  Post-hoc analysis (Table 2) revealed significantly higher diving rates 

at Carmanah (site 14) and Tsuquadra point (site 7) compared to several other sites (3, 4, 

5, 6, 8, 9).  Thus both hours and time blocks suggest important feeding sites at Carmanah 

and secondarily at Tsuquadra.  It is not known if increased foraging is related to higher 

abundance of prey (and thus better foraging habitat) or lower abundance of prey (fewer 

fish may require greater foraging effort).  Therefore these data form a foundation to test 

these hypotheses.  In 2005 we will conduct hydroacoustic surveys for fish abundance and 

distribution among these sites. 

 

Table 2 – Post-hoc comparisons of diving rates among sites for significant ANOVA 
tests.  Significance values are given for sites with p<0.1.  * indicates comparison site 
for the sig. value.  Time blocks as unit of analysis. 

FOV FOV
Lower

Site # N % Diving Sig. N % Diving Sig.
2 8 33.7 0.098 11 26.3
3 6 25.4 0.022 7 20.6
4 8 24.0 0.010 8 18.9 0.061
5 5 26.3 0.037 8 14.2 0.003
6 7 29.0 0.041 9 24.9

7 (Tsuquadra) 3 68.7 * 5 27.7
8 5 19.7 0.008 5 20.5
9 6 29.6 0.059 6 21.7

11 4 32.7 4 19.6
12 4 32.5 4 26.1

14 (Carmanah) 11 41.0 11 34.3 *

Combined Upper/Lower

 
 

Other preliminary analysis of diving rates and flight behaviour (e.g. flight 

direction) are showing some effects of tide on bird activities.  Future analyses of 

behavioural data will include multivariate ANOVA and potentially other multivariate 

analyses.  Additionally, variation in behavioural data will be investigated spatially to look 

for mechanistic understandings of murrelets marine habitat selection models (above).  
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Fine-scale spatial distributions at sea: 

A second component of our 2004 field work was to map out the fine scale distribution 

patterns of murrelets and other seabirds at sea.  I developed a new technique for doing 

this work using an electronic theodolite (land surveyor’s equipment) mounted on a high 

platform on a lighthouse (Figure 5).  This technique has been widely applied by marine 

mammal researchers but rarely used with seabirds.  The theodolite measures angles to 

birds on the water which can later be used to calculate positions and create maps of bird 

distributions.   

 
Figure 5. Using a theodolite mounted at the top of the Carmanah Point light-house I could 
accurately map the distribution of Marbled Murrelets and other seabirds foraging within 
Carmanah Bay. 

 

I have been using these maps to look at seasonal changes in distribution patterns and 

habitat use in Marbled Murrelets and other species of seabirds with which they interact, 

especially Common Murres (Uria aalge) The spatial distribution of Marbled Murrelets 

changed significantly through the season (Figure 6). 
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Figure 6. - Seasonal changes in the distributions of Marbled Murrelets and Common Murres 
foraging in Carmanah Bay along the West Coast Trail.  Each map represents a single scan 
representative of that time period.   
 

Some preliminary analyses looked at spatial relationships between two potentially 

competing species: Marbled Murrelets (MAMU) and Common Murres (COMU).  It has 

been suggested that larger seabirds (such as murres) may compete with smaller birds 

(murrelets) when foraging (Piatt 1990, Ostrand et al. 1998).  Distance from shore 

measurements show some overlap and some spatial segregation between COMU and 

MAMU with most murrelets foraging between 200 and 600 m from shore and most 

murres between 400 and 1400 m.  Nearest-neighbour relationships were also examined 

measuring four variables: MAMU to MAMU, MAMU to COMU, COMU to COMU, and 

COMU to MAMU.  Comparison between average nearest neighbour measurements 

(ANOVA, F3,162 = 7.461, p < 0.001, Figure 7) for these four groups found MAMU 

foraging significantly closer to other MAMU compared to MAMU:COMU distances (p = 

0.014).  COMU also foraged closer to other COMU than to MAMU but these distances 

were not significantly different (p = 0.274).  These results suggest murrelet avoidance of 

Common Murres.  This pattern of avoidance also varied among sites and across seasons 

showing stronger avoidance behaviour at Carmanah (vs. Pachena Point) and stronger 
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avoidance in spring (May/June) and mid summer (June/July), but not late summer 

(July/Aug.). 
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Figure 7. Average Nearest-Neighbour distances among four species pairs, 
measured from fine-scale species distribution maps.     

 

The final analysis of spatial relationships between MAMU and COMU was a 

clustering analysis (Getis-Ord G statistic) which measures “hot spots” in species 

distributions (Getis and Ord 1992).  These analyses indicated more frequent significant 

clustering by murrelets (COMU showed significant clustering only once), more 

clustering at the Carmanah site, and more clustering towards the end of the season.  

Together these results suggest that murrelets are more often choosing discrete foraging 

patches (COMU are dispersed more randomly) and these patches are potentially more 

important in the late season when the abundance of, and potential competition with, 

increases of Common Murres in this region.  Future analysis of these patches or hot-spots 

will look at the persistence in location of hot-spots potentially driven by fine-scale 

oceanographic conditions (currents, bathymetry, etc.) or persistent prey sources. 

There are two issues with these analyses that need to be addressed.  First, nearest-

neighbour measurements (between species) are sensitive to the numerical proportions of 

the two species (e.g. with few COMU in the area, average MAMU distances to COMU 

will increase).  To overcome this problem, randomization tests could be performed to 
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confirm that bird distributions (and subsequent NN relationships) are truly non-random.  

The second issue is that of sighting ability of the target species because this will vary as 

larger birds are easier to spot at further distances.  Some data from boat transects are 

available to test how bird densities change with respect to distance from shore (Ronconi 

2004 fieldwork, Burger et al. unpublished data).  Distance sampling analysis of the 

theodolite data will also address these concerns.     

 

Planned field work for 2005:     

In 2005, I plan to continue with some of these observations and conduct new 

research as well.  First, I will resample foraging behaviour at a subset of the 14 sites from 

2004, to investigate annual variations in foraging and other activities.  Theodolite 

mapping of fine-scale bird distributions will continue; I will repeat much of the mapping 

at Carmanah Bay and attempt mapping at other sites along the West Coast Trail.  New 

fieldwork in 2005 will primarily use boat-based surveys to simultaneously survey 

seabirds and their prey.  Hydroacoustic sounders will be used to measure fish abundance 

and distribution.  These data will be relevant to all aspects of my previous research.  Prey 

distributions may be incorporated into the habitat selection modeling.  Prey densities will 

be useful to test hypotheses about the relationships between foraging behaviour and fish 

abundance.  Finally, fine scale mapping of fish distributions may provide mechanistic 

understanding to the spatial pattern and interactions between Marbled Murrelets and 

Common Murres at sea. 

 

Integration of marine and terrestrial data: 

The ultimate goal of my study is to explain the spatial and temporal distributions of 

Marbled Murrelets along the coast of southwest Vancouver Island, relative to both 

marine and inland habitat attributes. I will therefore incorporate the results of my field 

studies and a wide range of marine and terrestrial habitat variables into spatial GIS 

analyses. Understanding the interactions and limitations of both marine and terrestrial 

phases of Marbled Murrelet’s breeding biology is essential for comprehensive 

management of this threatened species in British Columbia. 
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