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Introduction 
 

The Marbled Murrelet (Brachyramphus marmoratus) has been a species of special 
management concern over the last decade.  It is considered to be at risk in Canada since 
designation in 1990 by the Committee for (COSEWIC; Rodway, 1990).  With the 
implementation of the Forest Practices Code in 1995 there has been increased emphasis 
placed on the application of sound forest management practices, and protection of 
biodiversity in British Columbia.   

As resource managers are faced with developing monitoring programs and day to day 
management issues of this species, it is essential that they have the most up-to-date tools 
with which to work.  The demand for sound research information is high.   

The purpose in compiling the present bibliography and annotations is to assemble a 
listing of the literature pertaining to the Marbled Murrelet, thereby facilitating further 
studies on the ecology and management of the species. 

Contents 

This bibliography is the combined result of numerous sources and includes primary and 
‘gray’ (unpublished) literature relevant to the region of British Columbia.  Where 
available, we have also included unpublished government reports concerning research 
and management of this species.   

The bibliography includes 188 citations (82 from peer reviewed journals, 6 theses, 21 
sources from books, book chapters, or conference proceedings, 74 gray literature 
sources, and 5 websites) related to Marbled Murrelet research, and is current through 
January 2003.   

Sixty one (61) of the literature sources considered to be of particular importance to radar 
surveys, and long term population monitoring of Marbled Murrelets in British Columbia 
were included in the annotated bibliography section. 

In addition, we have included a summary of radar information regarding equipment, 
application, costs, and manufacturers, as well a brief summary of health issues related to 
operating radar units. 

Format 

The format for each entry is a citation as it would appear in a reference section of a 
report.  Each citation is listed alphabetically by author.  Single authors are provided first, 
followed by multiple authors.   

The annotated section is expanded to include: a numerical reference (to cross reference 
to the keyword table), title, citation, keywords, abstract, annotation, or executive 
summary, and highlights where appropriate.  Existing keywords, abstracts, and/or 
executive summaries were used for the annotation, in order to best summarize the 
information contained within the document.  When unavailable, suitable keywords and 
annotations were produced. 

Where annotated sources were unavailable via published journals, we attempted to 
provide information regarding source location/availability. 



Acknowledgements 

Madrone Environmental Consultants Ltd.  1 

Acknowledgements 

We would like to thank International Forest Products Limited for providing support for 
this project through the Forest Innovation Investment funding.   

A big thanks to Lea Menzies for entering many of the citations and annotations, and 
searching the libraries near and far for relevant literature.  Jeff Bertoia and Shari 
Willmott assisted with collecting information on radar units, and summarizing the 
information.   

During the searches conducted for this project, one partial (12 citations) annotated 
bibliography was located on the internet at 
http://gisweb.athena.bcit.ca/students/class02-03/gisb012/annotated_bio.htm  To 
avoid duplication of effort, some of the website annotation information was used from 
this source. 

 

http://gisweb.athena.bcit.ca/students/class02-03/gisb012/annotated_bio.htm


Summary of Radar Information 

Madrone Environmental Consultants Ltd.  1 

Summary of Radar Information 
What is radar?  

Radar is electromagnetic radiation that is sent out to scan terrain for a particular object. 
Once the electromagnetic energy hits the object, a small amount of the energy is 
reflected back to the receiver (antenna).  This reflected energy creates a picture of the 
object being scanned (Figure 1).  The time it takes for the reflected energy to hit the 
receiver is used to calculate the distance to the object.  The object's speed can also be 
calculated using radar 
(http://www.mrc.com/owls/RadarSurveysForMarbledMurrelets.html).  

 
Figure 1.  The Radar Screen: Inside the red box are birds (represented by green dots). 

Everything else is a landmass (Adapted from Mendocino Redwood Company 
http://www.mrc.com/owls/RadarSurveysForMarbledMurrelets.html) 

Radar Equipment 

The specifications of X-band marine radar systems can vary greatly and the basic 
requirements of the radar equipment for murrelet surveys have quickly become 
apparent.  Standard marine radar transmitting at 9,410 MHz through a 2m open array 
antenna with a minimum peak power output of 10-12 kW and pulse length between 0.08 
and 1.0 μsec appears to work well for detecting murrelets.  These specifications allow the 
radar to function at a variety of ranges from 0.5 km to 133 km (ABR 1999).   

Both peak power output and pulse length have been shown to be important factors to 
consider when selecting a radar unit for murrelet surveys.  Anything between 10 kW 
and 25 kW is recommended for murrelets depending on budgets and what the project 
can afford.  An option to vary the pulse length should also be considered rather than 
only going for the highest power, as it can effect the picture of a target on the radar 
display screen, also known as an echo.   

ABR (1999) found that shorter pulse lengths improve the echo definition, which 
translates as more accurate information on target location or distance, while longer pulse 
lengths improved the echo detection.   

http://www.mrc.com/owls/RadarSurveysForMarbledMurrelets.html
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Antennas 

There are two different types of antennas, centre fed and end fed, which differ in the 
way that the signal is transmitted to the display screen.  A centre fed antenna transmits 
all the information down through the center of the antenna and making it difficult to 
modify the angle at which the antenna scans.  The end fed antenna transmits the signal 
from one side of the antenna.  This feature has a few advantages over the centre fed 
model, such as the ability to be more directive toward the front, and a reduction in 
interference from the sides.  In addition this antenna can be tilted at an angle to scan for 
murrelets.   

All antennas are waterproof but many of the display screens are not.  If a covered area is 
not available for the display screen, a waterproof unit should be considered.  On-screen 
plotting functions can plot a sequence of echoes at timed intervals, which would assist to 
depict flight paths and ground speed.  A chart plotter is another option with some 
newer models that will allow radar images and marine charts to be displayed either side 
by side or overlay the radar targets on the chart.   

 

 
Figure 2.  Typical marine radar unit screen and antenna used in murrelet surveys. 

 

Cost of Antennas 

Antennas range in cost depending on the length and model of the unit.  Typically, a new 
antenna from Furuno costs between $1,870 to $2,870 U.S.  The antenna is the part of the 
system that is usually seen placed on top of the survey van or above deck on a ship.  A 
signal cable is also required in order to connect the antenna to the display (monitor).  
These cables range in price from $500 to $900 U.S. depending on the length of cord 
required.  Prices are provided for Furuno models at www.furuno.com 

Radar Maintenance 

Over time, the magnetron (located in the antenna) will wear out, which will make the 
unit less sensitive and thus less useful for detecting Marbled Murrelets (Cooper and 
Hamer, 2003).  It has been recommend by people experienced with the use of radar units 
that the magnetron be checked on a regular basis.  It is especially important to make sure 
that the magnetron is in good condition on used equipment purchased at a discount 
price.  Full descriptions of mobile radar systems can be found in Gauthreaux (1985a, 
1985b) and Cooper et al. (1991). 

 

http://www.furuno.com/
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Why use radar for marbled murrelets?  

Marine radar units have been used since the early 1990’s for several Marbled Murrelet 
surveys in the Pacific Northwest.  These high frequency marine surveillance radar units 
are able to scan and detect the murrelets as they enter and leave watersheds for foraging 
during the breeding season (Burger 1997, Cooper et al. 2001).  Many of these birds might 
not otherwise be detected by other methods of observation.  Cooper and Hamer (2003) 
provide an excellent summary of the use of radar for Marbled Murrelet surveys 
(Appendix H, available from www.pacificseabirdgroup.org). 

Although murrelet audio-visual ground surveys are still necessary, especially for site 
specific detections of occupied stand behaviour, one of their limitations is the low light 
conditions in which a ground observer must work.  The low light conditions make 
positive murrelet identification difficult.  Audio murrelet detections cannot provide 
accurate data on the number of birds and their flight direction.  It's also difficult for a 
ground observer to determine whether murrelets that are flying over an area actually 
occupy the site or whether they are simply on their way to another site.  Radar, 
however, provides some helpful solutions to ground survey limitations (see Figure 3).  
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Figure 3.  Schematic view showing the typical position and maximum sampling area 
of the radar laboratory and the audio-visual observer in relation to the location of the 

“occupied” Marbled Murrelet stand (adapted from ABR, 1999). 
 

In addition to determining whether murrelets are present in an area, radar scans can 
approximate the number and flight direction of murrelets detected.  Thus, radar surveys 
can assist wildlife biologists to locate forested stands that are being used by marbled 
murrelets (http://www.mrc.com).  

The major uses of radar for murrelet surveys and research include:  1) determining if 
murrelets are present in the area; 2) locating “hotspots” of activity over an area; 3) 
providing an index of abundance for a drainage or a stand; 4) determining daily activity 
patterns of murrelets; and 5) for population monitoring (Cooper and Hamer, 2003). 

Limitations of Radar  

The benefits of radar application in murrelet research far outweigh their limitations.  
However, it is important to be familiar with the limitations of this technology before 
applying it.   

According to Cooper and Hamer (2003), the major limitations of the radar technique are: 
1) it cannot determine occupancy (and sometimes presence) because birds flying near or 
within the canopy are shielded from the radar and missed; 2) it cannot be used at all 
sites because of topographic and physiographic constraints; 3) species identification 
errors are possible; and 4) X-band radar cannot be used during rain (but can be used 
during drizzle or foggy conditions).   

A recent study by Cooper and Blaha (2002) demonstrated that a 10.5 m lift-equipped 
radar unit substantially increased the number of inland sites that they were able to 
survey (56% of 50 randomly chosen murrelet stands in an area of the Olympic Peninsula, 
Washington).  Radar observations would only have been possible at 15% of these sites 
without the lift (Cooper and Blaha, 2002). 

Recommendations 

If radar-based sampling is to be used for survey, inventory, or monitoring purposes, 
Cooper and Hamer (2003) make the following recommendations, based on the results of 
several radar studies to date (Hamer et al. 1995; Burger 1997, 2001, 2002; Cooper et al. 
2001; Cooper and Blaha 2002; Raphael et al. 2002): 

• Conduct concurrent radar and visual observations to check for the presence of 
species other than Marbled Murrelets, at least initially when commencing radar 
studies at a new site; 

• Record species likely to be confused with murrelets that are observed at the site 
during non-survey times; 

• Begin sampling during the period from 75 min (for California) or 105 min (for 
Oregon, Washington, and British Columbia) before official sunrise to 75 min after 
sunrise (or 15 min after the last audio-visual detection of a Marbled Murrelet, 
whichever is later) and then determine the most appropriate period to sample (e.g., it 
may be possible to start sampling later at sites that are farther inland); 

http://www.mrc.com/
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• Use a combination of flight speed (>50-64 km/hr [31-40 mi/hr], depending on 
location), flight behaviour (usually fairly direct flight unless circling over a forest 
stand), and flight path (e.g., from sea to land) to separate targets of Marbled 
Murrelets from other birds or bats flying within radar range; 

• Only sample when average wind speeds are <25 km/hr (15 mi/hr), so that slowly 
flying birds with tailwinds are not counted as murrelet targets. 

According to Cooper and Hamer (2003) for inventory and monitoring purposes, one also 
should: 

• Examine landward counts, seaward counts, and total counts to determine which 
subset of data has the lowest among-day variation in counts and also has an 
acceptable species identification error rate, and use that subset for the index of 
abundance; 

• Examine the data for evidence of a second peak of landward movements after 
sunrise during the chick-feeding season that might result from adults making a 
second feeding trip.  These data should be eliminated if counts are to be used for 
inventory purposes; 

• Conduct surveys during the same time period each year to minimize seasonal 
variability in radar counts of murrelets. 

The following Table 2 summarizes the specifications for marine radar units used in the 
study of Marbled Murrelets in the Pacific Northwest. 
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Table 1.  Marine radar units used in Marbled Murrelet surveys. 
Author Date Survey Location Radar Model Transmit. 

Frequenc
y 

Peak 
Power 

Scan 
Radius 

Other 

ABR, Inc. 1999 Development of Ornithological 
Radar as a Tool to Increase the 
Accuracy and Efficiency of Inland 
Surveys for Marbled Murrelets 

Northwestern 
Olympic 
Peninsula, U.S. 

X-band radar - 
Furuno FCR-1411 

9410 MHz 10kW 1.4 km 0-10.5 m lift; 2 m 
long antenna 

Burger, A. E. 1996 - 
1998 

Using Radar to Estimate 
Populations and Assess Habitat 
Associations of Marbled Murrelets 

Clayoquot Sound, 
Canada 

X-band radar - 
Furuno FR-7111 
Furuno FR-810D 

9410 MHz 10kW 1 to 1.5 
km 

2 m scanner/ 
antenna, tilted to 
scan 25 degree 
arc 

Cooper, B. A. 
Blaha, R. J. 
(ABR, Inc.) 

1997 Evaluation of the Marbled 
Murrelet Inland Forest Survey 
Protocol with Radar 

Olympic 
Peninsula, 
Southwestern, WA 
& West-central OR 

X-band radar - 
Furuno FCR-1411 

9410 MHz 10kW 1.4 km 2 m long antenna 

Cooper, B. A. 
Raphael, M. G. 
Evans Mack, D. 

1996 - 
1999 

Radar-Based Monitoring of 
Marbled Murrelets 

Olympic 
Peninsula 
Washington, U.S. 

X-band radar  9410 MHz 10kW 1.4 km 2 m long antenna 

Cooper, B.A. and 
Blaha, R.J. 

2001 Comparison of radar and audio-
visual counts of marbled murrelets 
during inland forest surveys 

Washington and 
Oregon 

X-band radar 9410 MHz 10kW 1.4 km 10.5 m lift 

Hamer, T.E., B.A. 
Cooper, and C.J. 
Ralph 

1995 Use of radar to study the 
movements of marbled murrelets 
at inland sites 

California X-band radar - 
Furuno FCR-1411 

9410 MHz 10kW 1.4 km Horiz beam 
width of 2 
degrees, vert of 
26 degrees 

Singer, S.W. and 
T.E. Hamer 

1999 Use of Radar to Monitor Marbled 
Murrelets in the Santa Cruz 
Mountains, California 

Santa Cruz, CA X-band radar 9410 MHz 10kW 1 to1.5 
km 

15 degree tilt, 0.5 
nm range with 
not clutter screen 
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Radar Suppliers in British Columbia 

Frederick Goertz Ltd. in Victoria, B.C. is able to supply a variety of radar units that are 
suitable for Marbled Murrelet surveys.  In addition to supplying new units, the 
company refurbishes used radar units and will sell them at discounted rates.  They are 
located at 780 Spruce Ave, Victoria, BC, V8T 5A5, tel (250) 386 – 8375, fax (250) 386 – 
2325.  Table 2 highlights the specifications of four marine radar units, which are suitable 
for murrelet surveys. 

 

Table 2.  A Comparison of Furuno Marine Radar Units for Marbled Murrelet Surveys 
Model Furuno FR7112 Furuno FR8111 Furuno FR7252 Furuno 1953C/NT 

Display 12” Mono CRT 12” Mono CRT 12”  Mono CRT 10.4” Colour LCD 

Antenna 4’ or 6’ Open Array 
(24 rpm) 
Centre fed XN13A 

4’, 6.5’ or 8’  
Open Array 
End fed 
XN-3B 

4’ or 6’ Open Array 
(24 rpm) 
Centre fed XN13A 

4’ or 6’ Open Array 
Centre fed XN13A 

Range 1/8 n.m. to 72 n.m. 1/8 n.m. to 72 n.m. 1/8 n.m to .96 n.m. 72 n.m. 

Power 12 kW 10 kW 25 kW 12 kW 

Output Hor. 
Beamwidth 

1.2 or 1.85 degrees .95, 1.23 or 1.8 
degrees 

1.2 or 1.85 degrees 1.2 or 1.85 degrees 

Approx.  
Price as New 
(Can $) 

$12,167.00 $17,989.00 $13,556.00 $13,228.00 

Comments good bird radar; X-band 
transmitters good for 
outstanding range and 
short range target 
definition; has 
programmable NMEA0183 
data interface system 

low-noise 
microwave IC 
receiver produces 
clear target images; 
X-band transmitters 

good bird radar; X-
band transmitters; 
has programmable 
NMEA0183 data 
interface system; can 
add plotter or 
monitor 

waterproof display unit; 
sunlight viewable display; 
X-band transmitter that cuts 
through all types of weather; 
6 levels of target density; 
chart plotter; ability to 
display radar and chart 
plotter images side-by-side 
or overlay radar targets on 
the chart; add on options 
include video input and 
output; infrared remote 
control 
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Marine Radar Equipment and Health Concerns 
 

Marine radar systems are used to detect the presence and position of ships and other 
moving targets by sending out pulses of high frequency electromagnetic fields (EMF).  
Three major components make up these systems; the generator, the monitoring screen 
and the antenna (or scanner) (www.hse.gov.uk/pubns/dis5.htm ).  Microwave radiation 
is emitted from the antenna as it rotates and scans for targets.  Marine radar usually 
operates in the high radio frequency (RF) range between 300 MHz and 10 GHz 
generating EMFs called RF fields (www.who.int/inf-fs/en/fact226.html).  Small marine 
radar units that are typically used for bird surveys tend to operate around 9, 410 MHz, 
which falls within this RF range. 

The increased use of marine radar comes with some risk of exposure to RF fields and has 
led to concerns about the long term adverse effects on people exposed to the use of this 
equipment.  Some of these health concerns include cancer, reproductive malfunction and 
cataracts (www.who.int/inf-fs/en/fact226.html).   

RF field emissions, unlike X-rays and nuclear radiation, are non-ionising radiation that 
cannot penetrate the human body.  However, RF fields can be absorbed by the water in 
living tissue where their energy can be converted to heat and cause damage to some 
organs (www.sailnet.com/collections/seamanship/index.cfm?articleID=sexton022).     

The strength of the RF fields will vary depending on several factors including the make 
and model of the radar unit and the peak power output.  In addition, the exposure to RF 
fields generated by radar units can be significantly reduced when one considers how the 
system functions (www.who.int/inf-fs/en/fact226.html). 

• Marine radar systems send out emissions in pulses and not as a continuos beam, 
causing the average emitted power to be much less than the peak power output. 

• The RF energy that the radar produces is concentrated in narrow pulse widths and 
RF levels decrease rapidly away from the main pulse.   

• Many radar units have antennas that rotate, which continuously change the 
direction of the RF field.   

The strength of RF energy that people might be exposed to will also depend on their 
distance from the scanner, the type of scanner and the presence of absorbing or 
scattering objects.  The National Radiological Protection Board (NRPB) in the United 
Kingdom has published a guide on exposure to non-ionising radiation and the power 
levels which people should not be exposed (website: 
http://www.hse.gov.uk/pubns/dis5.htm).   

They recommend that people avoid RF fields greater than 100 watts per square meter 
(W/m2) or 10 milliwatts per square centimeter (mW/cm2).  In the U.S. the OSHA 
(Occupational Safety and Health Administration) has a much smaller acceptable level of 
RF energy and recommends that the maximum safe level of exposure is 0.2 mW/cm2 
(website: www.sailnet.com/collections/seamanship).   

http://www.hse.gov.uk/pubns/dis5.htm
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Most small marine radar units typically used for bird surveys operate in the range of 5 
kW to 25 kW.  Tests have demonstrated that 10 kW units set with a stationary scanner, 
have power densities significantly lower than 10 mW/cm2 at a distance of 10m from the 
antenna (website: http://www.hse.gov.uk/pubns/dis5.htm).  Exposure to RF fields is 
then further reduced with many small marine radar units, when a rotating antenna is 
used. 

To avoid or minimize exposure to RF fields when using marine radar, some simple 
precautions should be practiced: 

• The antenna should be mounted as high as possible and rotating rather than set in a 
stationary position.   

• Operators should avoid the scanner by a minimum distance of 2 m horizontally and 
0.5 m vertically. 

• Do not look directly into the scanner/antenna whether it is transmitting or not to 
reduce the risk of damage to the eyes.  

• Radar equipment can cause interference with certain medical equipment such as 
cardiac pacemakers and hearing aids.  Operators with these devices should contact 
their doctor as well as the radar manufacturers to determine if there would be any 
problems using the equipment. 

• Equipment should be turned off when not required, particularly in areas of high 
population density. 
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Websites 

Marbled Murrelet Recovery Team:  Marbled Murrelet Research and Population 
Estimates 
(http://www.sfu.ca/biology/wildberg/bertram/mamurt/research.htm)  

Comments:  This website gives a brief history of Marbled Murrelet research in British 
Columbia.  The various techniques used to estimate population size are discussed, 
which include radar surveys and at-sea surveys. Nests have been located by surveying 
forested areas that are suspected to contain nests and then various techniques are used 
to locate the nests.  These survey methods include: occupied detections, tree climbing, 
following flight paths, nesting evidence, and radio telemetry.  There is also a brief 
section on Marbled Murrelet ecology and demography.  

Example of Photos and info online for 144 nests located in 2000-2002 via radio-
telemetry (www.sfu.ca/biology/wildberg/mamu_nests/2000) 

Comments:  The Marbled Murrelet site, created by SFU contains photographs of all the 
nesting locations that were found using radio telemetry.  The site currently shows 
annotated landscape, tree, and nest pictures of 144 nest sites from 3 locations in British 
Columbia.  Some of these projects have photos of the tree that containing the nest and of 
the nest itself.  With in each project if a description of the basic nest characteristics 
including:  location, telemetry frequency, year, elevation, slope, aspect, hiking access 
(yes or no) and success of the nest.  Some great photographs are displayed of the 
Murrelets nest.   
 

US Fish and Wildlife Service:  Pacific Region – Marbled Murrelet Effectiveness 
Monitoring Program (http://pacific.fws.gov/murrelet/)  

Comments:  The U.S. Fish and Wildlife Service is responsible for monitoring the 
effectiveness of the Northwest Forest Plan and determining that it is being implemented 
correctly and whether it is having the desired ecological and socio-economic effects.  
Two teams have been established to accomplish these tasks: Population Monitoring 
Team and Habitat Monitoring Team.  This website also has links to various papers and 
reports on Marbled Murrelets and on the Marbled Murrelet Effectiveness Monitoring 
Plan.   

 
Marbled Murrelet Life History and Fascinating Facts 
(www.foer.org/mamuhistory.htm) 

Comments:  Friends of the Elk River have created a site that gives a good, but brief 
description of the life history of Marbled Murrelets.  It contains details on the breeding 

http://www.sfu.ca/biology/wildberg/bertram/mamurt/research.htm
http://www.sfu.ca/biology/wildberg/mamu_nests/2000
http://pacific.fws.gov/murrelet/
http://www.foer.org/mamuhistory.htm
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behavior and nest characteristics that includes the chick’s behaviour in the nest and it’s 
preparation for leaving the nest. 

 
OceanLink – The Mysterious Marbled Murrelet 
(www.oceanlink.island.net/oinfo/murrelet/murrelet.html) 

Comments:   The basic biology of Marbled Murrelets is described.  The factors that 
threaten Marbled Murrelet populations are addressed and include gill-netting bycatch, 
oils spills and petroleum pollution, increase in predator populations and climate 
changes.  The terms of endangerment are defined.  There is summary of the 
conservation strategies that are in place throughout Canada and with in British 
Columbia for Marbled Murrelets.  It also describes the importance of understanding the 
link between marine and terrestrial ecosystems in relation to murrelet habitat 
requirements and management.  

 

http://www.oceanlink.island.net/oinfo/murrelet/murrelet.html
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Table 3:  Cross-Reference Table for Top 30 Keywords. 
 Annotation Reference Number (Numbered in Alphabetical Order) 

KEYWORDS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Activity Patterns       X  X     X  

Ageing                

Audio-visual Surveys X           X    

Bird Migration     X X   X X      

Brachyramphus marmoratus   X X X       X X X X 

Breeding Biology           X   X  

Census        X      X   

Conservation        X        

Detections        X    X    

Effectiveness Monitoring        X        

Elevation                

Foraging           X     

Flight Speeds          X  X    

Forest Fragmentation                

Habitat Models  X X X            

Marbled Murrelet X X X X X   X   X X X X X 

Marine Surveys                

Molt/Plumage     X           

Nests           X     

Nesting Habitat  X  X         X   

Old-growth Forest                

Physiology                

Platform Densities                

Population Monitoring  X     X X     X   

Radar X     X X  X X  X X   

Radio Telemetry           X     

Statistical Analyses    X    X        

Survey Conditions (Weather)                

Survey Design (Methodology) X               

Terrestrial Surveys X               
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Table 3 (Cont’d):  Cross-Reference Table for Top 30 Keywords. 
 Annotation Reference Number (Numbered in Alphabetical Order) 

KEYWORDS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Activity Patterns       X  X X   X  X 

Ageing                

Audio-visual Surveys   X X  X          

Bird Migration          X X X  X X 

Brachyramphus marmoratus X  X X X  X X        

Breeding Biology        X   X     

Census                 

Conservation        X        

Detections   X   X        X  

Effectiveness Monitoring                

Elevation                

Foraging                

Flight Speeds    X     X  X  X   

Forest Fragmentation                

Habitat Models X X              

Marbled Murrelet X X X X X X X X     X   

Marine Surveys              X  

Molt/Plumage                

Nests X               

Nesting Habitat X X              

Old-growth Forest X       X        

Physiology                

Platform Densities                

Population Monitoring     X  X    X     

Radar  X  X X X X  X X X X X X X 

Radio Telemetry                

Statistical Analyses               X 

Survey Conditions (Weather)      X    X      

Survey Design (Methodology)   X            X 

Terrestrial Surveys   X X  X       X   
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Table 3 (Cont’d):  Cross-Reference Table for Top 30 Keywords. 
 Annotation Reference Number (Numbered in Alphabetical Order) 

KEYWORDS 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 

Activity Patterns  X           X   

Ageing      X          

Audio-visual Surveys X X              

Bird Migration    X            

Brachyramphus marmoratus X X X   X X X X   X   X 

Breeding Biology     X  X X        

Census                 

Conservation                

Detections             X X  

Effectiveness Monitoring          X    X  

Elevation                

Foraging     X  X         

Flight Speeds                

Forest Fragmentation           X X   X 

Habitat Models          X      

Marbled Murrelet X X X   X X X X X X X X X X 

Marine Surveys   X  X    X X      

Molt/Plumage      X       X   

Nests                

Nesting Habitat          X X  X X  

Old-growth Forest           X X X X X 

Physiology                

Platform Densities                

Population Monitoring X  X    X   X    X X 

Radar    X X          X 

Radio Telemetry       X X        

Statistical Analyses X X          X    

Survey Conditions (Weather)                

Survey Design (Methodology) X X       X X    X  

Terrestrial Surveys                
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Table 3 (Cont’d):  Cross-Reference Table for Top 30 Keywords. 
 Annotation Reference Number (Numbered in Alphabetical Order) 

KEYWORDS 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 

Activity Patterns  X X X             

Ageing                 

Audio-visual Surveys       X          

Bird Migration            X X X X X 

Brachyramphus marmoratus   X       X X      

Breeding Biology X       X         

Census               X   

Conservation                 

Detections   X  X        XX   X 

Effectiveness Monitoring                 

Elevation  X   X    X        

Foraging           X      

Flight Speeds                 

Forest Fragmentation                 

Habitat Models          X       

Marbled Murrelet X X X X X X X X  X X      

Marine Surveys                 

Molt/Plumage                 

Nests    X             

Nesting Habitat X X  X X     X       

Old-growth Forest  X X      X        

Physiology        X         

Platform Densities    X             

Population Monitoring      X X      X    

Radar X     X      X X X X X 

Radio Telemetry          X X      

Statistical Analyses       X   X       

Survey Conditions (Weather)            X  X   

Survey Design (Methodology) X X X  X X X X     X    

Terrestrial Surveys                 
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Annotated Bibliography: 

LITERATURE RELEVANT TO RADAR SURVEYS AND LONG TERM 
MONITORING OF MARBLED MURRELETS 

 

(#1) 

Title:  Development of Ornithological Radar as a Tool to Increase the Accuracy and 
Efficiency of Inland Surveys for Marbled Murrelets 

Citation: 

ABR Inc. 1999.  Development of Ornithological Radar as a Tool to Increase the Accuracy 
and Efficiency of Inland Surveys for Marbled Murrelets (Draft Interim Report).  
Prepared for Olympic Natural Resources Center, Forks, WA; Prepared by ABR, Inc. 
Forest Grove, Oregon, USA.  48 pp. 

Keywords:  audio-visual surveys, coarse filter, Marbled Murrelet, physiographic 
characteristics, radar, survey design, terrestrial surveys, Washington 

Annotation:  This report is an excellent source of information on the difference methods 
and results obtained with radar versus audio-visual surveys for Marbled Murrelets.   

Executive Summary:  This report summarizes the results of the first year of a two-year 
study to test and develop ornithological radar as a technique to improve the 
efficiency and accuracy of the inland audio-visual survey method for Marbled 
Murrelets (Brachyramphus marmoratus).  We also continued to evaluate the Inland 
Forest Survey Protocol (IFSP) for the Marbled Murrelet by using the combined 
results from this study and a study conducted during 1997 and 1998.  We made 
concurrent radar and audio-visual observations that followed the current Pacific 
Seabird Group (PSG) protocol on 38 mornings in summer 1997, 44 mornings in 
summer 1998, and 43 mornings in summer 1999 during the murrelets’ dawn activity 
period (i.e., ~105 min before sunrise to ~75 min after sunrise). 

 The goal of this research was to test and develop a radar-based method to increase 
both the efficiency and accuracy of inland audio-visual surveys for Marbled 
Murrelets.   

Highlights:  The 10.5 m radar lift enhanced radar performance at 17 (73.9%) of the 23 
suitable sites surveyed compared with a radar mounted 4 m above the ground level 
(e.g., in a fixed position on top of a pickup camper).  Further, radar observations 
would not have been possible at 8 (34.8%) of the 23 suitable sites without the lift. 

 Of all of the physiographic characteristics considered, aspect clearly had the 
strongest ability to predict radar site suitability (96%) and unsuitability (70%).  
Overall, flat areas lying at the same elevation as the radar station were the most 
suitable sites for radar sampling. 

 If the “presence” of murrelets was detected by radar, audio-visual surveys still 
would be necessary to determine if the stand was “occupied” by nesting murrelets. 
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 In 1999, we detected birds 100% of the days with radar; thus, the mean number of 
days required to determine “presence” with radar was 1.0; in comparison to a mean 
of 2.3 days to determine “presence” with the audio-visual technique. 

 Most of the 14 radar survey sites consisted of an isolated old-growth stand that was 
surrounded by a clearcut or by young trees. 

Availability:  This document is available as a download file from the internet at 
(http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998.h
tm) 

(#2) 

Title:  Clayoquot Sound Marbled Murrelet inland inventory 1998: habitat evaluation and 
activity monitoring 

Citation: 

Bahn, V. and D. Newsom. 1999. Clayoquot Sound Marbled Murrelet inland inventory 
1998: habitat evaluation and activity monitoring. Prepared for the Ministry of 
Environment, Lands, and Parks. 60 pp. 

Keywords:  Clayoquot Sound, habitat models, nesting habitat, Marbled Murrelets, 
population monitoring 

Executive Summary: Marbled Murrelets (Brachyramphus marmoratus) have been studies 
in Clayoquot Sound by the B.C. Ministry of Environment, Land and Parks for the 
last four years (1995-98) (Burger et al.  1997, Chatwin et al.  1999). The first three years 
of inland work focused on activity-based inventory and habitat associations of 
murrelets, first in the Ursus Valley (1995), then in up to 14 watersheds all over 
Clayoquot Sound (1996 – 97).  This year’s (1998) focus was to develop habitat 
evaluation tools putting information from Vegetation Resource Inventory maps to 
use and to continue activity monitoring in the Ursus Valley. 

 The objectives for the 1998 Marbled Murrelet research in Clayoquot Sound were: 

1.   Test the predictability of Marbled Murrelet activity and habitat quality based on a 
mapped habitat attribute that was selected using data from previous years; 

2.   Determine the relationship between Marbled Murrelet nesting habitat 
characteristics measured in the field (e.g., density of nesting structures) and 
forest cover information found on Vegetation Resources Inventory (VRI) maps; 

3.   Perform a Habitat Suitability Evaluation for Marbled Murrelets breeding habitat 
in Clayoquot Sound incorporating all available and suitable mapped 
information;  

4.   Continue year to year monitoring of Marble Murrelet activity in the Ursus Valley 
and compare 1998 results with previous years’ (1995, 1996 and 1997) results. 

Our main results were: 

1.   Marbled Murrelet activity levels and Marbled Murrelet habitat quality can be 
predicted in broad categories based on tree height information from Vegetation 
Resource Inventory (VRI) maps; 

http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998.htm
http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998.htm
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2.   Strong relationships exist between some VRI map variables (average tree height, 
stand age, basal area, vertical complexity, canopy closure) and the density of 
murrelet-relevant structures such as density of platforms, density of trees with 
platforms, epiphyte cover, and vertical canopy structure; 

3.   A habitat suitability model was constructed based on forest polygon information 
found on VRI maps (average tree height, stand age, basal area, vertical 
complexity, canopy closure) and spatial variables derived with GID calculations 
(altitude and distance to ocean); 

4.   Each forest polygon on the VRI maps was assigned to one of four classes, 
depending on its Habitat Suitability Index score.  The four classes are: 
unsuitable, sub-optimal, important-good, and important – excellent.  The 
application  of this Habitat Suitability Model to 93, 948 ha of land area on 11  
1:20 000 map sheets in Clayoquot Sound resulted in: 

• 16, 794 ha (17.0% of the total area) of important–excellent habitat 

• 17, 135 ha (18.3% of the total area) of important–good habitat 

• 20, 157 ha (21.5% of the total area) of sub-optimal habitat 

• 39, 762 ha (42.4% of the total area) of unsuitable habitat  

• 33, 929 ha (36.2% of total area) of important habitat 

• 59, 920 ha (63.8% of total area) of sub-optimal habitat 

5.   Marbled Murrelet nesting density studies (Rodway and Regehr 1999a, Newsom 
and Bahn 1999) demonstrate that Marbled Murrelets nest in low densities.  
Therefore, all forest areas consistently containing nesting structures were 
classified as “important-good” or “important-excellent”; 

6.   Ursus Marbled Murrelet activity monitoring showed that the number of total and 
occupied detections varied significantly in the years between 1995 and 1998, 
although we observed no specific increasing of decreasing trends; 

7.   When Ursus Valley monitoring stations were grouped by location (as “valley 
bottom”, “lower slop” or “Thunderbird Creek”) it became evident that the 
relative importance of each region (i.e., percentage of total occupied activity) 
varied strongly among years.  This may indicate that Marbled Murrelets change 
their focal area of nesting within a watershed between years.  Therefore, the size 
of areas set aside for Marbled Murrelet nesting may need to be larger than the 
area needed to support one season’s nests, if an unaltered level of reproductive 
success is desired.    

Availability: 

 Ministry of Water, Land and Air Protection, Nanaimo, Vancouver Island, B.C. 

 

(#3) 



 

Madrone Environmental Consultants Ltd.  37 

Title: Can Marbled Murrelet Use of Nesting Habitat be Predicted from Mapped Forest 
Characteristics? 

Citation: 

Bahn, V. and D. Newsom.  2001a. Can Marbled Murrelet Use of Nesting Habitat be 
Predicted from Mapped Forest Characteristics? Draft chapter to be included in 
Multi-scaled studies of the populations, distribution, and habitats of Marbled 
Murrelets in Clayoquot Sound.  33 pp. 

Keywords: Brachyramphus marmoratus, habitat suitability model, Marbled Murrelet, 
vegetation 

Abstract:  We tested whether the use of nesting habitat by Marbled Murrelets 
(Brachyramphus marmoratus) could be predicted from mapped information.  Our goal 
was to evaluate the feasibility of modeling habitat suitability on large scale in 
preparation for building a sophisticated model, and to determine where such a 
habitat suitability model could make basic predictions on murrelet nesting activity.  
In this study we did not build an elaborate habitat suitability model, but rather 
tested the predictions from a simple, preliminary model, based on a single mapped 
forest characteristic.  Of the forest and terrain characteristics available on resource 
maps, tree height, was the most useful variable to predict suitability of murrelet 
habitat in an analysis of data from 118 vegetation plots collected previously in the 
study area.  We compared audio visual detections of murrelets at pair stands, 
selected using Vegetation Resource Inventory maps, with each pair having one stand 
with trees ON AVERAGE > 35m tall (TALL) and one with trees <26 m tall (SHORT).  
Our prediction was that the TALL stands would show more activity associated with 
breeding murrelets than the SHORT stands.  Each pair of stands had a similar 
elevation, distance to ocean, slope position and aspect.  We performed standardized 
audiovisual surveys at paired stands on the same morning to avoid biases caused by 
weather and season.  We observed significantly higher numbers of occupied 
detections and subcanopy detections (both thought to be related to nearby breeding) 
in the TALL stands than in short stands.  Thus, we were able to show that Marbled 
Murrelet breeding activity can be predicted based on a mapped forest characteristic, 
a result that set the stage for the more sophisticated habitat model. 

Availability:   

• Volken Bahn: Department of Wildlife Ecology, University of Maine, 5755 Nutting 
Hall, Orono, ME 04469-5755, USA.  volker.bahn@gmx.net 

• Deanna Newsom: Box 635, Richmond, VT 05477, USA.  dnewsom@ra.org 
 

(#4) 

Title:  Habitat Suitability Mapping for Marbled Murrelets in Clayoquot Sound 

Citation: 

Bahn, V. and D. Newsom.  2001b.  Habitat Suitability Mapping for Marbled Murrelets in 
Clayoquot Sound.  Draft chapter to be included in Multi-scaled studies of the 

mailto:volker.bahn@gmx.net
mailto:dnewsom@ra.org
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populations, distribution, and habitats of Marbled Murrelets in Clayoquot Sound.  35 
pp. 

Keywords:  Brachyramphus marmoratus, habitat suitability model, Marbled Murrelet, 
nesting habitat, Principal Component Analysis, statistical analyses, vegetation 
mapping, vegetation plots 

Abstract:  Digitally mapped information on the habitats of threatened wildlife species, in 
particular the Marbles Murrelet (Brachyramphus marmoratus), is important to the 
management of forest resources in this region.  We created habitat suitability maps 
for Marbled Murrelets based on a Habitat Suitability Index model, which evaluates 
forest polygons from Vegetation Resource Inventory (VRI) maps.  The VRI maps, 
which contain detailed land cover information with a focus on forest cover, were 
determined to be better suited as a basis for the model than the Terrestrial Ecosystem 
(TEM) maps, which contain biogeoclimatic information on vegetation associations.  
We reached this conclusion by comparing mapped vegetation data with field data 
and by considering the relevance of the mapped information to murrelet nesting.  
Information of habitat requirements of the murrelets, which was the basis for the 
model, came from past murrelet inventories and from the literature.  This 
information guided our selection of vegetation characteristics used to represent 
habitat suitability.  We sampled these characteristics in vegetation plots in stratified, 
randomly selected polygons from VRI maps.  The samples variables describing 
habitat suitability were summarized in two factors by a Principal Component 
Analysis (PCA) and related to mapper variables available for these polygons.  The 
significant relationships between mapped and PCA variables were modeled with 
90th quantile least absolute deviation regressions.  Based on these regressions and 
information form the literature we selected seven mapped variables to be included 
in a habitat suitability model.  We constructed non-linear, individual suitability 
indices (SI), which assigned evaluation scores to the values of the seven selected 
mapped variables.  The seven individual Sis were combined in a single equation 
whose output is a habitat suitability index (HIS) between 0 and 1 for each mapped 
polygon.  We divided the HIS scores into four categories: “Excellent” (HIS >0.875); 
“Good” (HIS between 0.78 and 0.875); “Sub-optimal” (HIS between 0.65 and 0.78); 
and “unsuitable” (HIS < 0.65).  The application of this Habitat Suitability Model to 
335, 127 ha of land area (everything except for the ocean and fresh water bodies) on 
36 1:20 000 map sheets in Clayoquot Sound resulted in: 34, 833 ha (10.4% of the land 
area) of excellent habitat; 40, 466 ha (12.1%) of Good habitat; 59, 388 ha (17.7%) of 
Sub-optimal habitat; and 200. 440 ha (59.8%) of unsuitable habitat.  The model 
identified 75, 299 ha (33.5% of land area) of Excellent and Good habitat and 259, 828 
ha (77.5%) of Sub-optimal and Unsuitable habitat.  

Availability: 

• Volken Bahn: Department of Wildlife Ecology, University of Maine, 5755 Nutting 
Hall, Orono, ME 04469-5755, USA.  volker.bahn@gmx.net 

• Deanna Newsom: Box 635, Richmond, VT 05477, USA.  dnewsom@ra.org 
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Title:  Seasonal movements of Marbled Murrelets: evidence from banded birds 

Citation: 

Beauchamp, W., F. Cooke, L. Lougheed, C.B. Lougheed, C.J. Ralph and S. Courtney. 
1999. Seasonal movements of Marbled Murrelets: evidence from banded birds. 
Condor, 101:671-674.  

Keywords: bird banding, Brachyramphus marmoratus, British Columbia, Marbled 
Murrelet, bird migration, plumage, Washington 

Abstract: Recent techniques for capturing Marbled Murrelets (Brachyramphus 
marmoratus) have created opportunities for studying them through systematic 
banding programs.  One murrelet banded in breeding plumage during the summer 
of 1995 at Theodosia Inlet, on the Sunshine Coast of British Columbia, was 
recaptured in basic plumage in the fall of 1996 near Orcas Island in the San Juan 
Islands, Washington State, a distance of 220 km southeast from the original banding 
location.  It was captured again at Theodosia Inlet in breeding plumage in the 
summer of 1997.  This is the first evidence of long distance movement for the 
Marbled Murrelet.  Seven color-marked individuals from the Theodosia Inlet 
population were located in the same geographic area outside the breeding season.  
Although our sample size is small, this suggests that both non-migratory and 
migratory individuals occur within a single summering population. 

 

(#6) 

Title: Strategies of passerine migration across the Mediterranean Sea and the Sahara 
Desert: A radar study 

Citation: 

Beibach, H., I. Biebach, W. Friedrich, G. Heine, J. Partecke, and D. Schmidl.  2000. 
Strategies of passerine migration across the Mediterranean Sea and the Sahara 
Desert: A radar study.  Ibis, 142: 623-634. 

Keywords:  bird migration, Mediterranean Sea, migration, radar, Sahara desert 

Abstract: Radar observations of the diurnal timing of bird migration in the Sahara 
Desert are presented for autumn migration.  Study sites were on a transect along the 
north-south migratory direction.  Three groups of bird migrating day, evening or 
night in the northern part of the Western desert in Egypt were identified.  The 
maximum of day and night groups occurred later the further south the study sites 
were.  Based on the distance between the sites and the timing of the peak migration, 
birds were flying at an estimated ground speed of about 20m/s.  The maximum of 
the evening group was at about 21:00h at all sites.  The three groups were classified 
according to three different strategies of migration across the Mediterranean Sea and 
the Sahara Desert: (1) the day group of birds performed a non-stop flight across the 
sea and at least the northern part of the desert; (2) the night group performed an 
intermittent migratory strategy with stopover at the coast of Egypt to continue 
migration the next evening; (3) the evening group birds were also intermittent 
migratory fliers, but they stopped somewhere in the desert.  About 20% of all 
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migrants are involved in the non-stop migration and 80% in the intermittent 
migration with stopover at the coast (70%) or with stopover in the desert (10%).  It is 
argued that any species of small passerine has the option to use any of the three 
strategies.    

Availability:  Herbert Biebach. Research Centre for Ornithology of the Max-Planck-
Society, D-82346 Andecks, Germany. 

 

(#7) 

Title:  Use of radar for monitoring colonial burrow-nesting seabirds 
 
Citation: 

Bertram, D.F., L. Cowen, and A.E. Burger.  1999.  Use of radar for monitoring colonial 
burrow-nesting seabirds.  Journal of Field Ornithology, 70(2): 145-157. 

Keywords:  British Columbia, Cassin’s Auklet, census, population monitoring, 
predators, radar, seasonal activity 

Abstract: We used high-frequency surveillance radar as a non-intrusive method to 
census nocturnal burrow-nesting Cassin's Auklet (Ptychoramphus aleuticus) on the 
world's largest colony, Triangle Island, British Columbia.  In the largest subcolony, 
West Bay, the radar unit was operated 2200-0510 h nightly from 30 Apr.-11 May 1996 
during the onset of hatching. Radar images were stored on video cassette for 
subsequent image analysis. We report total nightly activity based upon cumulative 
samples from the tapes at 30-s intervals to determine the percent of bird activity 
within a fixed area.  Estimates of the average image size of an individual bird were 
used to develop conservative counts of birds in the sample area.  Activity at the 
colony began approximately 1.5 h after sunset and ended at least 15 min before 
sunrise.  Activity levels increased over the study period and showed considerably 
nightly variation.  Nightly activity was continuous at low levels through the 
sampling period from 30 Apr. to 3 May.  Late evening peaks of activity around 2300 
h were evident and tended to increase in intensity from 3 May onward. Nightly 
activity at the colony was correlated with the number of chicks hatched the 
following day.  The maximum estimate of individual birds detected was 156,327 on 
10 May.  Radar has great potential to elucidate patterns of seasonal activity.  We 
contrast and evaluate the use of radar and traditional methods based on burrow 
counts and identify several major advantages for radar in long-term population 
monitoring and seabird research programs. 

Availability: 

• Bertram DF, Simon Fraser Univ, Dept Biol Sci, Wildlife Grp, 8888 Univ Dr, 
Burnaby, BC V5A 1S6, Canada  

• Canadian Wildlife Serv, Pacific Wildlife Res Ctr, Delta, BC V4K 3N2, Canada 
Univ Victoria, Dept Biol, Victoria, BC V8W 3N5, Canada 
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Title:  A power analysis of the marbled murrelet inland monitoring methods 

Citation: 

Bigger, D. and Courtney, S.P.  2000.  Pacific Lumber Company Habitat Conservation 
Plan:  A power analysis of the marbled murrelet inland monitoring methods.  
Sustainable Ecosystems Institute, Portland, Oregon, U.S.A.  

Keywords:  Conservation Areas, detections, Marbled Murrelet, population monitoring, 
power analysis, statistical analyses  

Annotation:  This report addresses the question “How does increasing the number of 
visits/stations in the Marbled Murrelet Conservation Areas (MMCAs) improve the 
probability of detecting a series of predefined decreases in the number of detections 
over time?”  Statistical power analysis is used to assess if the current murrelet 
effectiveness monitoring program protocols can detect any change in murrelet 
numbers.    It shows that an increase in the number of visitations to a site increases 
the chance of detecting murrelets. 

Highlights:  The series of power analysis suggest that the current monitoring study is 
capable of detecting a moderated decrease in the number of detections.  An increase 
in the number of visits increases the ability to detect a change in the number of 
murrelets. 

Availability: http://www.sei.org 
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(#9) 

Title: Behavior of migrating birds exposed to x-band radar and a bright light beam 

Citation:  

Bruderer, B.  D. Peter, and T. Steuri.  1999.  Behavior of migrating birds exposed to x-
band radar and a bright light beam.  Journal of Experimental Biology, 202: 1015-1022. 

Keywords:  activity patterns, aircraft collision, bird migration, behavior, radar 

Abstract: Radar studies on bird migration assume that the transmitted electromagnetic 
pulses do not alter the behavior of the birds, in spite of some worrying reports of 
observed disturbance.  This paper shows that, in the case of X-band radar 
‘Superfledermaus’, no relevant changes in flight behavior occurred, while a strong 
light beam provoked important changes.   

 Large sets of routine recordings on nocturnal bird migrants obtained using an X-
band tacking radar provided no indication of differing flight behavior between birds 
flying at low levels towards the radar, away from it or passing it sideways.  
Switching the radar transmission on and off, while continuing to track selected bird 
targets using passive infrared camera during the switch-off phases of the radar, 
showed no difference in the birds behavior with and without incident radar waves.   

 Tracking single nocturnal migrants while switching on and off a strong searchlight 
mounted parallel to the radar antenna, however, induced pronounced reactions by 
the birds: (1) a wide variation of the directional shifts averaging 8º in the first third 
10 s interval after switch-on; (2) a mean reduction in flight speed of 2-3 ms-1 (15-30% 
of their normal air speed); and (3) a slight increase in climbing rate.  A calculated 
index of change declined with distance from the source, suggesting zero reaction 
beyond approximately 1 km.  These results revive existing ideas of using light beams 
on aircraft to prevent bird strikes and provide arguments against the increasing use 
of light beams for advertising purposes.  

Availability: Bruno Bruderer.  Swiss Ornithological Institute, CH-6204, Switzerland; 
Email: BrudererB@Orninst.ch 

 

(#10) 

Title:   Flight characteristics of birds:  I. Radar measurements of speeds 

Citation: 

Bruderer, B. and A. Boldt.  2001.  Flight characteristics of birds:  I. Radar measurements 
of speeds.  Ibis, 143:  178-204. 

Keywords:  bird migration, flight speeds, flight characteristics, radar 

Abstract:  This is the first part of a study on flight characteristics of birds and presents an 
annotated list of flight speeds of 139 western Palearctic species.  All measurements 
were taken with the same tracking radar and corrected for wind influence according 
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to radar-traced wind-measuring balloons.  Graphical presentation of the birds’ air 
speeds emphasizes the wide variation of speeds within species and allows easy 
comparison between taxonomic groups, species, and types of flight.  Unlike 
theoretical predictions, speeds increase only slightly with size.  The larger species 
seem to be increasingly limited to speeds close to their speed of minimum power 
consumption Vmp.  Released birds, apparently reluctant to depart with migratory 
speed, fly at considerably lower speeds than migrating conspecifics.  While large 
birds seem to be limited to speeds around Vmp, smaller birds seem to be capable of 
selecting between various speeds, approaching predicted Vmp when tending to 
remain airborne at low cost, but flying at much higher speeds when tending to make 
best progress at low cost (around predicted speed of maximum range Vmr).  
Predictions of air speeds by aerodynamic models proved to be too low for small 
birds because the models do not account for the gain in speed attained by the 
reduction in profile drag during bounding flight of small passerines.  The models 
predict excessive speeds for large birds because the power output available for flight 
seems to decline much with size than previously assumed. 

Availability:  Bruno Bruderer.  Swiss Ornithological Institute, CH-6204, Switzerland; 
Email: BrudererB@Orninst.ch 
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Title:  Breeding ecology of radio-marked marbled murrelets (Brachyramphus marmoratus) 
in Desolation Sound, British Columbia. 

Citation:  

Bradley, Russell Weldon  2002.  Breeding ecology of Radio-marked marbled murrelets 
(Brachyramphus marmoratus) in Desolation Sound, British Columbia.  M.Sc., Simon 
Fraser University, Burnaby, BC. 86 pp. 

Keywords:  breeding biology, behavior, British Columbia, ecology, foraging, Marbled 
Murrelet, radio telemetry, nest sites 

Abstract: Understanding the population biology of a species requires thorough study of 
its breeding behaviour and success.  The Marbled Murrelet is a small alcid seabird 
which cryptically nests at inland sites in old-growth trees.  Concern for murrelet 
populations, primarily from breeding habitat loss, has led to listing of the species as 
threatened or endangered over most of its range.  However, because of its elusive 
breeding, the reproductive ecology of radio marked Marbled Murrelets is still poorly 
understood.  I investigated the breeding ecology of radio marked Marbled Murrelets 
in Desolation Sound, British Columbia.  Movement patterns of radioed birds showed 
that breeding state and success can be accurately inferred with radio telemetry.  
Male breeding birds visited their nests, and likely provisioned young, more than 
females during chick rearing.  The male bias was primarily due to a reduction in 
female visitation during late chick rearing.  These findings offer a behavioural 
explanation for a previously reported annual male bias of birds flying inland during 
the chick rearing period at Theodosia Inlet in Desolation Sound from 1994 – 1999.  
Early breeding birds commuted further from foraging areas to nests, and nested at 
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sites of steeper slopes than later breeding birds.  Earlier breeding birds were more 
successful, while higher nest site elevation, steeper nest site slope, and longer 
commuting distance were all associated with greater success.  Data from radio 
marked birds showed no evidence to suggest that nesting near forest edges, 
particularly natural edges, reduces reproductive success in Marble Murrelets.  
Advantages of steeper nest site slopes and close proximity to edges, like nest site 
access, may outweigh the potential costs of nest predation in our study location, 
which is free of human habitation in murrelet breeding areas. 

Highlights:  Estimates of reproductive parameters for a Marbled Murrelet population 
was made based on observations of 190 individually marked birds between June 
1998 and 2000 (n=40 in 1998, n=100 in 1999 and n=50 in 2000).   The use of aerial 
radio telemetry data along with ground truthed breeding success where possible (i.e. 
climbing trees to check nests in accessible areas), showed that the behaviour of 
breeding birds at confirmed sites does not differ from birds at inaccessible suspected 
breeding sites.  In addition, it was shown that the behaviour of successful breeders 
was significantly different from the behaviour of failed breeders and non-breeders.   

 

(#12) 

Title: Behaviour and numbers of Marbled Murrelets measured with radar 

Citation:  

Burger, A. 1997.  Behaviour and numbers of Marbled Murrelets measured with radar.  
Journal of Field Ornithology, 68: 208-223. 

Keywords:  audio-visual surveys, Brachyramphus marmoratus, British Columbia, 
Carmanah Valley, Clayoquot Sound, detections, flight speeds, Marbled Murrelets, 
radar 

 

Abstract: I used high frequency surveillance radar to estimate the numbers of Marbled 
Murrelets (Brachyramphus marmoratus) entering two watersheds on Vancouver 
Island, British Columbia.  An accurate census was possible where incoming birds 
were funneled through a narrow inlet (Bedwell-Ursus watershed), but counts were 
less reliable on more open coastline (Carmanah Valley).  An estimated minimum of 
900 and 100 murrelets, respectively, entered these watersheds at dawn in June 1995.  
Radar yielded 5-10 times more detections than human observers using the audio 
visual Pacific Seabird Group (PSG) protocol.  Radar revealed a concentrated influx of 
murrelets 35-60 min before sunrise, but the audio-visual surveys failed to detect this 
peak.  Most audio-visual detections occurred later, from 35 before to 90 minutes after 
sunrise, when the radar showed intensive circling and departure behavior.  This 
implies that the audio-visual surveys underestimate the number of nesters and 
sample many murrelets that might be performing aerial displays rather than 
commuting to nests.  The radar revealed considerable activity at dusk.  (43% and 
29% of dawn detection rates at Carmanah and Bedwell, respectively), a period not 
normally sampled in the PSG protocol.  Birds leaving the forest for the ocean flew 
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faster than (mean 119km/h) than incoming birds (74 km/h) or those circling over the 
forest (81 km/h) 

Availability:  Dr. Alan Burger.  Department of Biology, University of Victoria, Victoria 
BC, Canada, V8W 3N5  
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Title:  Using radar to estimate populations and assess habitat associations of marbled 
murrelets 

Citation: 

Burger, A. 2001. Using Radar to Estimate Populations and Assess Habitat Associations 
of Marbled Murrelets. Journal of Wildlife Management, 65(4): 696-715 

Keywords:  Alcidae, Brachyramphus marmoratus, British Columbia, census method, 
habitat, logging impacts, Marbled Murrelet, population monitoring, radar 

Annotation:  This paper provides an excellent summary of the strengths and limitations 
of radar surveys - the logistical issues of location, access, surrounding topography, 
dawn versus dusk survey timing, and weather conditions.  This is the only peer-
reviewed article currently published on marbled murrelet radar survey results from 
British Columbia. 

Abstract: I used high-frequency marine radar to count marbled murrelets 
(Brachyramphus marmoratus) entering 20 watersheds in Clayoquot Sound, Vancouver 
Island, British Columbia, Canada, in 1996-1998. My goal was to develop standard 
protocols for radar inventory and to explain landscape-level habitat associations of 
this threatened species. Dawn counts were consistently higher and less variable than 
dusk counts. but both sampling periods produced similar rankings of watersheds 
and proportionate numbers of murrelets. Most dawn surveys showed a unimodal 
pre-sunrise pulse of incoming murrelets but a few dawn surveys showed post-
sunrise pulses, likely caused by repeat visits by some birds. These post-sunrise 
pulses, although rare, inflated estimates of incoming murrelets and were avoided by 
restricting analyses to pre-sunrise counts. Dawn and dusk counts were higher on 
cloudy days (greater than or equal to 80% cloud cover) than on clear days, but 
among cloudy days there was no additional effect on counts Caused by precipitation 
(thick fog or drizzle). Numbers of murrelets entering watersheds varied seasonally, 
reflecting the breeding chronology, but counts restricted to the core period covering 
incubation and chick-rearing (mid-May through mid-Jul) showed no significant 
seasonal effects.  Counts varied among years at some stations, but when all stations 
were considered together, no significant inter-annual variation occurred. Murrelets 
sometimes flew over low ridges (200-600 m), taking shortcuts into watersheds or 
crossing from I watershed into another. I therefore adjusted the boundaries of some 
inland catchment areas (based on topography and likely flight paths) to match 
correctly counts made at the watershed mouths with the appropriate inland 
catchment area. Radar counts at 18 watersheds were significantly correlated with 
total watershed area, areas of mature (>140 year old) forest, and-most strongly-with 
areas of mature forest below 600 m.  Logging produced negative impacts.  Three of 
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the 5 watersheds with extensive logging of low-elevation forest had fewer murrelets 
per area than unlogged watersheds or those that were < 10% logged, but these 
differences disappeared once remaining low-elevation mature forests were 
considered.  With the removal of old-growth forests, murrelets evidently moved 
elsewhere and did not pack into the remaining old-growth patches in higher 
densities. 

Highlights:   

 Radar surveys provide conservative estimates of murrelet numbers entering 
watersheds due to a number of factors including:  failure to detect birds, height of 
flight (birds flying at canopy level are less likely to be detected), and difficulty in 
separating single birds from observed flocks.   

 Sunrise and sunset times can be obtained from the Dominion Astrophysical 
Observatory (www.hia.nrc.ca/services/sunmoon). 

 Dawn incoming murrelet counts were higher than outgoing numbers in 90% of all 
surveys (n = 150 all years pooled).  Dawn counts gave higher and less variable 
estimates of the total populations.   

 The differences among years were not significant for dawn or dusk counts when all 
stations were analyzed together.  Because of the high variability among counts at 
some stations, multiyear surveys are recommended. 

Availability:  Burger AE, Univ Victoria, Dept Biol, Victoria, BC V8W 3N5, Canada 

 

(#14) 

Title:  Year-round use of coastal lakes by Marbled Murrelets 

Citation: 

Carter, H.R. and Sealy, S.G.  1986.  Year-round use of coastal lakes by Marbled 
Murrelets.  Condor, 88: 473-477. 

Keywords:  Alaska, alcid, Brachyramphus marmoratus, breeding biology, British 
Columbia, foraging, Marbled Murrelet, nocturnal behavior, Oregon, Washington 

Abstract:  Sixty-seven records (from 1909 to 1984) of Marbled Murrelets (Brachyramphus 
marmoratus) using 33 freshwater lakes along the west coast of North America (78.6% 
in British Columbia, 12.1% in Alaska, 6.1% in Washington and 3.0% in Oregon) were 
compiled and analyzed.  The preponderance of the records from southern British 
Columbia lakes possibly reflects the abundance of coastal lakes there that are 
accessible to high numbers of murrelets and observers.  Fifty-three of the lake use 
records were obtained during the species’ breeding season (April through 
September); and 13 were non-breeding season (October to March).  Most lakes used 
were within 20 km of the ocean, but a few murrelets were reported at lakes 50 to 75 
km inland (Cultus, Harrison and Swan Lakes, British Columbia).  The multiple 
records of Marbled Murrelet using Cultus and Harrison Lakes suggest that these 
lakes are near nesting areas, and as such, are the farthest distances inland Marbled 
Murrelets can be expected to nest.  Five or less individuals were reported in each 

http://www.hia.nrc.ca/services/sunmoon


 

Madrone Environmental Consultants Ltd.  47 

record, although up to 46 were seen in summer on Nitinat Lake, Vancouver Island.  
Feeding occurred on some lakes in British Columbia, apparently mainly at night: the 
stomachs of four murrelets contained fingerling sockeye salmon (Oncorhynchus 
nerka), while another stomach contained the remains of salmon fry. 

 

(#15) 

Title:  Mechanisms of Population Differentiation in Marbled Murrelets:  Historical 
versus contemporary processes 

Citation: 

Congdon, B.C., Piatt, J.F., Martin, K., and Friesen, V.L.  2000.  Mechanisms of Population 
Differentiation in Marbled Murrelets:  Historical versus contemporary processes.  
Evolution, 54(3): 974-986. 

Keywords:  Brachyramphus marmoratus, coalescent theory, genetics, Marbled Murrelet, 
Pleistocene, population differentiation 

Abstract: Mechanisms of population differentiation in highly vagile species such as 
seabirds are poorly understood.  Previous studies of marbled murrelets 
(Brachyramphus marmoratus; Charadriiformes: Alcidae) found significant population 
genetic structure, but could not determine whether this structure is due to historical 
vicariance (e.g., due to Pleistocene glaciers), isolation by distance, drift or selection in 
peripheral populations, or nesting habitat selection.  To discriminate among these 
possibilities, we analyzed sequence variation in nine nuclear introns from 120 
marbled murrelets sampled from British Columbia to the western Aleutian Islands.  
Mismatch distributions indicated that murrelets underwent at least one population 
expansion during the Pleistocene and probably are not in genetic equilibrium.  
Maximum-likelihood analysis of allele frequencies suggested that murrelets from 
"mainland" sites (from the Alaskan Peninsula east) are genetically different from 
those in the Aleutians and that these two lineages diverged prior to the last 
glaciation.  Analyses of molecular variance, as well as estimates of gene flow derived 
using coalescent theory, indicate that population genetic structure is best explained 
by peripheral isolation of murrelets in the Aleutian Islands, rather than by selection 
associated with different nesting habitats.  No isolation-by-distance effects could be 
detected.  Our results are consistent with a rapid expansion of murrelets from a 
single refugium during the early-mid Pleistocene, subsequent isolation and 
divergence in two or more refugia during the final Pleistocene glacial advance, and 
secondary contact following retreat of the ice sheets.  Population genetic structure 
now appears to be maintained by distance effects combined with small populations 
and a highly fragmented habitat in the Aleutian Islands. 

Availability:  

• Congdon BC, James Cook Univ N Queensland, Sch Trop Biol, POB 6811, Cairns, 
Qld 4870, Australia 

• Queens Univ, Dept Biol, Kingston, ON K7L 3N6, Canada 
• US Geol Survey, Alaska Biol Sci Ctr, Anchorage, AK 99503 USA 
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• Canadian Wildlife Serv, Pacific Wildlife Res Ctr, Delta, BC V4K 3N2, Canada 
 

(#16) 

Title: Estimating Nest Densities for Marbled Murrelets in Three Habitat Suitability 
Categories in the Ursus Valley, Clayoquot Sound.  Draft chapter to be included in 
Multi-scaled studies of the populations, distribution, and habitats of Marbled 
Murrelets in Clayoquot Sound 

Citation: 

Conroy, C., V. Bahn, M. Rodway, L. Ainsworth and D. Newsom.  2001.  Estimating Nest 
Densities for Marbled Murrelets in Three Habitat Suitability Categories in the Ursus 
Valley, Clayoquot Sound.  Draft chapter to be included in Multi-scaled studies of the 
populations, distribution, and habitats of Marbled Murrelets in Clayoquot Sound. 

Keywords: Brachyramphus marmoratus, breeding habitat, Clayoquot Sound, habitat 
suitability model, nest densities, Marbled Murrelets , old-growth 

Abstract: We investigated nest densities and breeding habitat preferences of Marbled 
Murrelets (Brachyramphus marmoratus) in unfragmented old-growth habitat in the 
Ursus Valley, Clayoquot sound, British Columbia in 1998, 1999 and 2000.  the study 
covered three habitat suitability categories.  Ranked as Excellent, Good, and Sub-
optimal but the habitat suitability model of Bahn and Newsom (this volume Ch. 6).  
Our objectives were to:1) compare habitat structure and abundance of potential 
murrelet nest structures in the habitat categories; 2) document micro-habitat and 
forest structures which describe murrelet habitat preferences; and 3) estimate 
murrelet nest densities by climbing randomly selected clusters of trees with potential 
nest platforms.  Trees were sampled in a manner similar to stratified cluster 
sampling.  In total, 44 vegetation plots were randomly selected and 467 trees with 
potential nest platforms were climbed.  Vegetation plot data indicated that trees in 
habitat rated as Excellent had thicker epiphyte growth, were taller and had a greater 
diameter at breast height than trees in Good or Sub-optimal habitats.  Tree density 
was lower and canopy closure was higher in Excellent habitats had higher densities 
of platforms and higher densities of trees with platforms than Sub-optimal habitat.  
Trees with platforms climbed in Excellent habitat were taller, had larger diameters, 
greater numbers of mossy platforms per tree and more abundant and thicker 
epiphyte cover than trees with platforms climbed in other habitat classes.  Of 240 
trees with potential nesting platforms that were climbed in Excellent habitat, five 
nests were found; no nests were found in Good (n=139 trees) or Sub-optimal (n=88) 
habitats.  The five nests found include one used in the current year and four used in 
previous years.  All nest-site characteristics were within the ranges found in other 
nest sites in BC.  Within the Excellent habitat, trees with nests (n=5) had significantly 
larger stem diameters than trees that had potential platforms but no visible nests 
(n=235); no other tree characteristics were significantly different.  The density of 
trees (±SD) with potential nest platforms was 30 ± 14, 37 ± 27 and 12 ±11 per ha in 
Excellent, Good and Sub-optimal habitats and 0.11 ± 0.12 per ha (95% CI = to 0.35) in 
Excellent habitat.  Future work should increase sample sizes and optimize study 
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design in order to improve  density estimated, and should examine the applicability 
of these findings to fragmented and more modified landscapes. 

Availability:  Ministry of Water, Land and Air Protection, Victoria, BC. 

 

(#17) 

Title:  Potential locations for using radar to survey Marbled Murrelets in the North 
Coast and Kalum Forest Districts of British Columbia 

Citation: 

Conroy, C. and Cullen, S.  2001.  Potential locations for using radar to survey Marbled 
Murrelets in the North Coast and Kalum Forest Districts of British Columbia.  
Prepared for FRBC and A. Hetherington, MWLAP, Skeena Region, Smithers, B.C. 

Keywords:  British Columbia, habitat models, inventory, Marbled Murrelet, nesting 
habitat, radar surveys, site suitability 

Annotation:  Two habitat models were applied to the North Coast and Kalum Forest 
Districts to estimate amounts and locations of suitable Murrelet habitat in 71 
landscape units:  the Queen Charlotte Islands model (McLennan et al. 2000) (the 
Oikos model), and Vancouver Island TFL 6 model (Kremsater et al. 1999).  The 
results of this mapping exercise were used to prioritize watersheds for marine radar 
surveys for murrelets, and to compare model results.  

 The intention is to use radar surveys to correlate the amount of suitable habitat 
estimated by the suitability models to actual counts, and to use the results to 
compare the performance of the two habitat suitability models.   

 The objectives of this report were to: 

• Identify suitable sites for marine radar Marbled Murrelet inventory strategy 
for the North Coast and Kalum Forest Districts. 

• Recommend a marine radar inventory strategy for the North Coast and 
Kalum Forest Districts. 

• Recommend standards for marine radar inventory conducted in the North 
Coast and Kalum Forest Districts. 

Highlights: 

 Cooper et al. (1999) demonstrated a mean among-day variation (or Coefficient of 
Variation, which is a measure of relative variability) of 30-40% for their sites.  Power 
analysis of this data indicated that for sites with 3,2 and 1 visit/site/year, it would 
take 5 to 7 years of surveying to detect a 10% drop in numbers (alpha = 0.05; 90% 
probability).  Analysis of data from radar surveys conducted on the west coast of 
Vancouver Island showed similar results (I. Manley, pers. comm.). 

 In order to draw meaningful relationships between radar counts of murrelets and 
forest inventory data, it is essential to obtain up-to-date forest cover data, and to 
survey locations with discrete catchment areas. 
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Availability: 

 Anne Hetherington, Ministry of Water, Land and Air Protection, Skeena Region, 
Smithers, B.C. 

 

(#18) 

Title: Comparisons of radar and audio-visual counts of marbled murrelets during 
inland forest surveys. 

Citation:  

Cooper, B.A. and R.J. Blaha.  2002.  Comparisons of radar and audio-visual counts of 
marbled murrelets during inland forest surveys.  Wildlife Society Bulletin, 
30(4):1182-1194. 

Keywords:  audio-visual surveys, detections, Brachyramphus marmoratus, Inland Forest 
Survey Protocol, Marbled Murrelet, Oregon, survey methodology, Washington 

Abstract: Results of inland forest surveys for marbles murrelets (Brachyramphus 
marmoratus) have been used extensively to develop complex land-management plans 
and answer specific questions about the inland ecology of this threatened species, 
yet the metric used for these surveys, the detection, is poorly understood.  We 
compare concurrent radar and audio-visual (AV) observations at inland forest sites 
in Washington and Oregon during 160 mornings in May – July 1997-2000 to 
determine the relationship between number of murrelets detected with radar at a 
nest stand and number of detections observed by AV surveyors.  Each morning, we 
collected radar data on all murrelet targets that flew over inland forest sites, while 
AV observers transmitted their information on murrelet detections at the site to the 
radar laboratory in real time.  For each observation, we then determined whether 
radar, the AV observer, or both had detected the murrelet.  Radar data indicated that 
25% of murrelet movements at the inland sites occurred before the standardized 
Inland Forest Survey Protocol (IFSP) survey starting time.  AV observers detected an 
average of only 10-23% of the murrelet detected by radar during the official survey 
period, with high among-day and among-station variation in the proportion 
detected.  We did not find annual differences or seasonal trends in the proportion of 
the seabirds detected by AV observers compared to radar detections.  Cloud cover 
did not influence the proportion of birds detected by AV observers or the timing of 
murrelets detected by radar, although timing of AV detections averaged 21 minutes 
later on cloudy days.  We observed some over-estimation of sire use because 14% of 
AV detections of murrelets were flying to or from another site and thus were not 
associated with the site being surveyed.  Our results suggest that AV survey data 
and an inaccurate measure of use of a particular stand of trees by murrelets.  
Therefore, determining habitat use and setting management priorities for habitat 
protection based on AV data could be problematic.  Furthermore, unless future 
research were to find temporal, physiographic, or observer-related factors that could 
be used to reliably correct AV counts, our results suggest that those counts are not 
well suited for long-term monitoring of murrelets at inland sites. 
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Availability: ABR, Inc.  Environmental Research and Services, PO Box 249, Forest 
Grove, OR 977116, USA.  Email for Cooper: bcooper@abrinc.com 

 

(#19) 

Title: Methods for surveying marbled murrelets in forests:  a revised protocol for land 
management and research - Appendix H:  Use of Radar for Marbled Murrelet Surveys 

Citation: 

Cooper, B.A. and T.E. Hamer.  2003.  Appendix H:  Use of Radar for Marbled Murrelet 
Surveys.  Pages 71-76 In D.E. Mack, W.P. Ritchie, S.K. Nelson, E. Kuo-Harrison, P. 
Harrison, and T.E. Hamer (eds.).  Methods for surveying marbled murrelets in forests:  a 
revised protocol for land management and research.   Pacific Seabird Group, Marbled 
Murrelet Technical Committee, Portland, Oregon. 

Keywords:  audio-visual surveys, Brachyramphus marmoratus, flight speed, Inland Forest 
Survey Protocol, Marbled Murrelets, radar 

Annotation:  This appendix provides an excellent summary of radar uses for Marbled 
Murrelet surveys and research, limitations of radar, data collection, 
recommendations, and radar equipment information.   

Introduction:  The current ground-based Inland Forest Survey Protocol for Marbled 
Murrelets depends on the use of audio-visual cues to detect birds in flight.  
Collecting biological information on murrelets this way is difficult, because of the 
low light conditions during their dawn and dusk peaks in inland activity and their 
small size, cryptic coloration, and rapid flight speed (Hamer et al. 1995).  Further, 
because ~85% of murrelet detections are auditory (Paton et al. 1990), it is difficult to 
determine with accuracy the number of birds that actually are flying over a 
particular area.  Ornithological radar, which does not have this auditory bias, has 
been used successfully to study Marbled Murrelets in both the Pacific Northwest 
and Alaska (Hamer et al. 1995; Burger 1997, 2001, 2002; Cooper et al. 2001; Cooper 
and Blaha 2002; Raphael et al. 2002).   

The intent of this appendix is to provide information on the uses and limitations of 
ornithological radar for Marbled Murrelet surveys.  This document is not meant to 
be an exhaustive discussion or set of survey protocol guidelines, but rather a starting 
point to inform others of its potential use.  If one does wish to apply this technique, it 
first will be necessary to get approval of your study plans from the appropriate state 
and federal agencies. 

Availability:  www.pacificseabirdgroup.org 

 

(#20) 

Title: Use of radar for the study of rare birds. 

Citation:   

http://www.pacificseabirdgroup.org/
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Cooper, B.A., P. Henson, and M.G. Raphael.  1997.  Use of radar for the study of rare 
birds.  Endangered Species Bulletin, XXII (6): 8-9. 

Keywords:  Brachyramphus marmoratus, endangered species, Marbled Murrelets, 
population monitoring, radar 

Summary:   Mobile radar laboratories are being used for many studies, including 
research on threatened and endangered species.  Currently, we are evaluating radar 
as a tool for inventory and population monitoring of marbled murrelets 
(Brachyramphus marmoratus) in the Pacific Northwest and Alaska.  This small seabird 
usually nests in older, large-diameter trees in late successional forests within 60 
kilometers (37 miles) of the coast.  Using standard audio visual survey techniques to 
collect biological information on this species has been difficult because of low light 
levels encountered during the murrelets early morning and late evening flights to 
nesting areas and because of the small size, cryptic coloration, and rapid flight 
speeds of these birds.  Further, because over 85 percent of the murrelets that are 
detected are heard, but not seen, it is not possible to determine accurately the 
number of birds flying over a particular area with this sampling technique.  Radar 
does not have this auditory bias; radar data have been used to show that audio 
visual observers can miss a large proportion of the murrelets flying inland during 
activity period.  Under proper conditions, radar may be one of the best tools we have 
for obtaining an accurate index of murrelet abundance in a particular river drainage. 

Availability: Endangered Species Bulletin.  www.fws.gov/~r9endspp/endspp/htm 

 

(#21) 

Title:  Evaluation of the Marbled Murrelet Inland Forest Survey Protocol With Radar 

Citation: 

Cooper, B.A. and Blaha, R.J.  1998.  Evaluation of the Marbled Murrelet Inland Forest 
Survey Protocol With Radar.  Interim Report submitted to Olympic Natural 
Resources Center, Forks, WA, by ABR Inc.  41 pp. 

Keywords:  audio-visual surveys, correction factor, detection rates, Marbled Murrelet, 
radar, radar targets, survey conditions/weather, terrestrial surveys 

Annotation:  This is a good source of information on the logistics, methods, material, 
and results comparison of radar and audio-visual surveys for Marbled Murrelets. 

Executive Summary:  This report summarizes the results from the first year of a multi-
year study that used ornithological radar to evaluate the inland forest survey 
protocol for the Marbled Murrelet (Brachyramphus marmoratus).  Concurrent radar 
observations and audio-visual observations that followed the current Pacific Seabird 
Group (PSG) protocol were made on 38 mornings in summer 1997 during the 
murrelets’ dawn activity period (i.e., ~105 min before sunrise to 75 min after 
sunrise). 

 The goal of this study is to use radar techniques to evaluate certain aspects of the 
inland forest survey protocol for Marbled Murrelets.  Specific objectives included:  to 
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measure what proportion of murrelets flew into a stand before audio-visual 
detections began to occur; to assess what proportion of murrelets were double-
counted as they circled or flew over the stand; to measure the proportion of 
murrelets that were detected by the audio-visual observers that actually flew over a 
particular survey stand and continued on to another stand; to evaluate the 
relationship between detection rates and numbers of murrelets; to develop an error 
rate or correction factor for the terrestrial survey counts; and to begin to determine 
the effects of weather and time of day on the aforementioned proportions and 
relationships. 

Highlights:  In total, they observed 1,437 radar targets and had 441 audio-visual 
detections of Marbled Murrelets at nine sites (note that these two numbers are not 
comparable, because some of the audio-visual observations were made during rainy 
conditions when radar sampling was impossible). 

 There was a large amount of both within-site and among-site variation in total 
numbers of radar targets and audio-visual detections. 

Availability:  This document is available as a download file from the internet at 
(http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998
.htm) 

 

(#22) 

Title:  Radar-based monitoring of Marbled Murrelets 

Citation: 

Cooper, B.A., M.G. Raphael, and D.E. Mack.  2001.  Radar-based monitoring of Marbled 
Murrelets.  Condor, 103(2): 219-229 

Keywords: annual abundance, activity patterns, Brachyramphus marmoratus, Marbled 
Murrelet, population monitoring, radar, Washington 

Abstract: We used radar to measure daily, monthly, and annual patterns of Marbled 
Murrelet (Brachyramphus marmoratus) abundance and movements at 12 major river 
valleys in the Olympic Peninsula of Washington.  Landward movements of 
murrelets peaked from similar to 75 min to similar to 20 min before sunrise, followed 
by a seaward exodus from similar to 20 min before sunrise to similar to 65 min after 
sunrise.  This general pattern of a landward movement followed by a seaward 
exodus varied little, but the tinting of the seaward exodus gradually became later 
from May to July.  Within a morning, numbers of landward radar targets averaged 
twice the numbers of seaward targets, and morning counts were approximately five 
times evening counts.  Species identification error rates were lower for landward 
radar counts than for seaward counts. Radar counts varied through the season, with 
numbers increasing from May to July, then dropping in August.  Seaward counts 
were more variable than landward counts. There was wide overlap among months 
in the amount of daily variation in both landward and seaward counts.  Radar 
appears to be a powerful, cost-effective, and non-intrusive tool that can establish an 
index of abundance for murrelets at specific inland breeding areas. 

http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998.htm
http://www.onrc.washington.edu/research/pnw/1998/MarbledMurreletISFP1998.htm
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Availability:  

• Cooper BA, ABR Inc, POB 249, Forest Grove, OR 97116 USA 
• USDA, Forest Serv, Pacific NW Res Stn, Olympia, WA 98512 USA 

 

(#23) 

Title: A Conservation Assessment for the Marbled Murrelet in Southeast Alaska 

Citation:  

DeGange, A. R. 1996.  A Conservation Assessment for the Marbled Murrelet in 
Southeast Alaska.  General Technical Report.  Forest Service, United States 
Department of Agriculture.   

Keywords:  Brachyramphus marmoratus, conservation, Marbled Murrelet, natural history, 
old-growth forests, status. 

Abstract: This assessment summarizes available information on the marbled murrelet in 
southeast Alaska and evaluates its current status.  Marbled murrelets are broadly 
distributed across marine waters throughout southeast Alaska.  They are abundant, 
numbering at least in the low hundreds of thousands.  Marbled murrelets are 
believed to be at increasing risk in biogeographic provinces on the Tongass National 
Forest subject to extensive harvest of old-growth forests, on which they are believed 
to be dependant for nesting.  Over the short term, risk to their persistence in the 
Tongass National Forest seems low; however, gaps in their nesting distribution 
likely will occur in some biogeographic provinces of the Tongass if current forest 
harvest practices are continued over the long term.  Forests on private lands in 
southeast Alaska are being rapidly clearcut, and murrelet nesting habitat is 
disappearing rapidly from these lands.  

Availability:  United States Department of Agriculture – Forest Service.  Pacific 
Northwest Research Station. 
(http://www.srs.fs.usda.gov/pubs/viewpub.jsp?index=3052) 

 

(#24) 

Title:  Flight speeds of birds determined using Doppler radar. 

Citation:  

Evans, T.R., and L.C. Drickamer. 1994. Flight speeds of birds determined using Doppler 
radar.  Wilson Bulletin, 106(1): 155-156. 

Keywords:  activity patterns, Doppler radar, flight speeds, radar 

Annotation:  This study determines the ground speed of 12 bird species using Doppler 
radar.  The objectives of the study were to (1) describe the correction factor required 
in using hand-held Doppler radar when obtaining flight speeds; (2) obtain 
measurements of non-migratory flight speeds of birds engaged in similar activities 
during the breeding season; and (3) relate these flight speeds to the time of day, diet, 
foraging type, and roost type. 

http://www.srs.fs.usda.gov/pubs/viewpub.jsp?index=3052
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Availability: Tracy R. Evans and Lee C. Drickamer, Dept. of Zoology, Southern Illinois 
University, Carbondale, Illinois 62901-6501. 

 

(#25) 

Title: The flight behavior of migrating birds in changing wind fields: radar and visual 
analysis 

Citation: 

Gauthreaux, S. A. Jr.  1991.  The flight behavior of migrating birds in changing wind 
fields: radar and visual analysis.  American Zoology, 31:187-204.  

Keywords:  atmospheric structure, altitude, flight behavior, bird migration, radar, 
survey conditions/weather 

Abstract: This paper examines the influence if atmospheric structure and motion 
(principally winds aloft) on the flight behavior and altitude distribution of migrating 
songbirds.  Bird migration data that I gathered using surveillance radars operated by 
the United States National Weather Service and the Federal Aviation Administration 
and a vertically fixed-beam marine radar mounted on a mobile laboratory are 
analyzed in relation to winds aloft.  Migrating birds appear to fly at altitudes where 
winds will minimize the cost of transport and assist movements in seasonally 
appropriate directions.  When migratory flight occur at altitudes that are higher than 
usual, a significant correlation exists between the altitude of densest migration and 
the altitude of most favorable wind.  Lower altitudes may be favored over slightly 
more favorable winds at much higher altitudes.  Radar data on the flight behavior of 
migrating birds in the vicinity of frontal systems is also examined.  The flight 
strategies of migrants (fly over the front, change direction of flight, or land and 
terminate the flight) differ depending on the season and “thickness” of the front.  
Recent migration studies that are related to atmospheric structure and motion are 
summarized and related to atmospheric processes operating simultaneously at 
vastly different spatial and temporal scales. 

 

(#26) 

Title:  The spring migration pattern of arctic birds in Iceland, as recorded by radar 

Citation:  

Gudmundsson, G.A.  1993.  The spring migration pattern of arctic birds in Iceland, as 
recorded by radar.  Ibis, 135:166-176. 

Keywords:   bird migration, breeding biology, flight speeds, Iceland, population 
monitoring, radar 

Abstract:  A surveillance radar in southwest Iceland was recorded by time-lapse filming 
in order to monitor the migration patterns of birds departing from or passing Iceland 
on their way to high-arctic breeding grounds in late May and early June 1988-1990.  
An overwhelming majority of the radar echoes from migrating bird flocks departed 
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from Iceland but a few seemed to pass over from further south.  Timing of 
movement and supplementary field observations indicated that mainly four species 
were involved, i.e. Knot Calidris canutus, Turnstone Arenaria interpres, Sanderling C. 
alba and Brent Goose Brent berncla.  Departures in late May from stopover sites in 
Iceland took place mainly in the afternoons, peaking between 1700 and 1900h in all 3 
years.  The departure intensity was lowest between 0100 and 1300h.  Flight paths 
were generally straight, and the average track direction was towards the northwest 
(315o), suggesting that the majority of birds were heading for a transglacial migration 
across the Greenland icecap on their way to breeding grounds in northwest 
Greenland and northern Canada.  Track directions varied with wind, although to a 
rather small degree, indicating partial drift or pseudodrift.  More echoes were 
registered in easterly winds (tailwinds) and fewer in northerly winds than expected 
from random.  Airspeeds were significantly slower than groundspeeds (average 17.0 
and 18.7 m/s, respectively), showing that the birds more often than not benefit from 
the tail wind assistance.   

 

(#27) 

Title:  Radar observations of Arctic bird migration at the Northwest Passage, Canada 
 
Citation: 

Gudmundsson, G.A., T. Alerstam, M. Green, and A. Hedenstrom.  2002.  Radar 
observations of Arctic bird migration at the Northwest Passage, Canada.  Arctic, 
55(1): 21-43. 

Keywords:  bird migration, Canadian Arctic, Northwest Passage, Nunavut, radar 

Abstract: Bird migration was recorded by tracking radar and visual observation at 23 
sites in the region of the Northwest Passage, between Baffin Island and Herschel 
Island in the Beaufort Sea. The studies took place during a ship-based expedition 
from 29 June to 3 September 1999. A total of 692 tracks (average duration 160 s) of 
bird flocks on postbreeding migration were recorded. Eastward migration was 
widespread, with the highest intensities at three sites in the southeastern Beaufort 
Sea. Mainly shorebirds were responsible for these movements, migrating along 
routes similar to great circles towards Nova Scotia and other parts of the Atlantic 
coast of North America (whence they depart on transoceanic flights towards South 
America). Some of the birds in this migration system probably originated from 
Siberia, as indicated by high-altitude eastward migration at a site 100 km north of 
the coast in the Beaufort Sea. Another category of eastward migrants consisted of 
jaegers, terns, and red phalaropes traveling towards the Davis Strait region and into 
the Atlantic Ocean. Southward migration was recorded at Baffin Island. A westward 
migration was pronounced at King William Island (with simultaneous eastward 
migration) and Amundsen Gulf, while northward movements were important at 
Banks Island and Melville Island. Apart from westward molt migration of common 
eiders at Amundsen Gulf, the westward and northward tracks reflected mainly 
jaegers, terns, gulls, and red phalaropes. These birds were probably making 
northward flights to exploit pelagic food resources in waters where the ice had 
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recently broken up before their westward migratory exodus from the Arctic region 
towards the Pacific Ocean. The mean altitude of migration was 793 in, with 27% of 
all tracks above 1000 in and a maximum height of 3.95 km. The altitude distribution 
was clearly lower than those of the corresponding migration in Siberia and the 
shorebird migration at Nova Scotia. The average ground speed (14.9 m/s) was only 
slightly faster than the mean air speed (13.8 m/s), and migrants gained in speed 
from the winds (ground speed exceeding air speed) in only 55% of all cases. This 
means that wind assistance in the study area was much less pronounced than that 
documented for the migrants in Siberia and Nova Scotia. Bird migration at the 
Northwest Passage may be characterized by, on average, lower altitudes, less 
favorable winds, shorter flight steps, and a more widespread accessibility to 
stopover sites than migration at the Northeast Passage. 

Availability:  

• Gudmundsson GA, Iceland Inst Nat Hist, POB 5320, IS-125 Reykjavik, Iceland 
• Iceland Inst Nat Hist, IS-125 Reykjavik, Iceland 
• Lund Univ, Dept Anim Ecol, SE-22362 Lund, Sweden 
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Title: Use of radar to study the movements of Marbled Murrelets at inland sites 

Citation:  

Hamer, T.E., B.A. Cooper, and C.J. Ralph.  1995.  Use of radar to study the movements of 
Marbled Murrelets at inland sites.  Northwestern Naturalist, 76: 73-78. 

Keywords:  activity patterns, California, flight speed, terrestrial surveys, Marbled 
Murrelet, radar 

Abstract:  A modified vehicle-mounted, X-band marine radar system was used to study 
the movements of marbled murrelets (Brachyramphus marmoratus) at inland and 
coastal sites in northern California during July.  The ability of the radar to 
discriminate murrelets from other targets, and to estimate abundance was assessed.  
Murrelets were detected by radar at distances up to 1.3 km.  Radar recorded the 
distance, ground speed, flight direction, and flight behavior (such as circling).  The 
average ground speed of murrelets was 77 km/hr (range = 56-105 km/hr).  Ground-
based observers recorded an average of 67% of the murrelets within 700 m at inland 
sites that were recorded by radar.  Using ground speed as a identification criterion, 
radar correctly distinguished murrelets from other bird species 87.8% of the time at 
coastal sites and 97.8% at inland sites.  The only species contributing to identification 
error at inland sites was the band-tailed pigeon (Columba fasciata).  Radar has 
advantages over ground-based observers as it does not rely on murrelets to vocalize 
for detection and can detect murrelets over a large area, regardless of variability in 
light conditions, observers’ auditory and visual abilities, fog, and background noise.  
The benefits of using radar to understand the inland flight behavior of murrelets 
include better interpretations of ground-based observer survey data, better estimates 
of the number of birds using an area, collection of data that are not biased by 
murrelet vocalization rates, increased understanding of landscape level flight 
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behaviors and use of flight corridors, 24-hr sampling ability, and a more detailed 
analysis of seasonal and daily changes in abundance inland sites. 

 

(#29) 

Title:  Passage rates and timing of bird migration in Montana 

Citation:  

Harmata, A.R., K.M. Podruzny, J.R. Zelenak, and M.L. Morrison.  2000.  Passage rates 
and timing of bird migration in Montana.  American Midland Naturalist, 143(1): 30-40. 

Keywords:  altitude, at-sea monitoring, detection, migration, Montana, radar 

Abstract: Rates and timing of bird passage in the proposed Norris Hill Wind Resource 
Area (NHWRA) and vicinity in southwestern Montana were investigated using two 
marine surveillance radars between August 1995 and August 1996. The scanning 
radar array displayed movements in a horizontal plane within 360 degrees while the 
vertical radar displayed altitudes of bird in and out of the NHWRA to the east and 
west. Radars were also used to record raptor movements within NHWRA in 
summer. Spatio-temporal profile of migration was determined by adjusting 
observed number of events by detection probability by radar, derived from point- 
and line-transect bird sampling techniques. Autumn migration was more protracted 
than vernal migration. Altitude of birds flying in and within 2 km east and west of 
NHWRA averaged 209 m in autumn and 388 m in spring. Higher altitudes in spring 
were a function of birds ascending after leaving Ennis Lake, whereas birds were 
descending to visit the lake in autumn. More birds passed over valleys and swales 
than high points. Passage rate decreased with declining barometric trend in autumn 
(headwinds), but the reverse was true in spring (tailwinds). 

Availability: 

Harmata AR, Montana State Univ, Dept Biol, Fish & Wildlife Program, Bozeman, 
MT 59717 USA 
Montana State Univ, Dept Biol, Fish & Wildlife Program, Bozeman, MT 59717 USA 
Calif State Univ Sacramento, Dept Biol Sci, Sacramento, CA 95819 USA 

 

(#30) 

Title:  Using marine surveillance radar to study bird movements and impact assessment 

Citation: 

Harmata, A.R., K.M. Podruzny, and J.R. Zelenak.  1999.  Using marine surveillance radar 
to study bird movements and impact assessment.  Wildlife Society Bulletin, 27(1): 44-
52. 

Keywords:  activity patterns, bird migration, impact assessment, Montana, radar, 
statistical analyses, survey design 
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Introduction:  Radar has been used to study birds since the 1940s (Bellrose, 1964), and 
has been especially useful to study migration and mass movements (Eastwood 1967, 
Gauthreaux 1975, Russell and Gauthreaux 1998).  Weather and air surveillance 
radars have been used to study bird migration over large areas, but they are not 
useful for collecting high-resolution data over small areas.  Marine surveillance 
radars, which are used on watercraft for navigation, have been adapted to monitor 
bird movements over land (Kerlinger and Gauthreaux 1984).  Marine surveillance 
radars are relatively inexpensive, available off-the-shelf, require little modification, 
are easy to operate and maintain, have high resolution, and can be modified to 
obtain altitude data (e.g., Gauthreaux 1985, Cooper et al. 1991, Cooper 1996).   

 Despite the availability of radar technology, many studies of bird movements, 
including those involving impact assessment, concentrate on diurnal movements.  
However, in most areas, most birds migrate at night.  Additionally, diurnal 
observations of bird movements may miss most birds that pass observation points.  
Thus, radar may allow a more complete assessment of movement patterns of birds 
than only visual observations. 

 We (1) discuss using marine surveillance radar to determine bird movements, (2) 
describe modification of equipment to enhance its performance, (3) describe 
procedures for data collection and analysis, and (4) discuss the sampling effort 
needed to provide reliable information.  Our study was part of a pre-siting analysis 
for wind turbines at the Norris Hill Wind Resource Area in southwestern Montana 
(NHWRA). 

 

Availability: 

• Harmata AR, Montana State Univ, Dept Biol, Fish & Wildlife Program, Bozeman, 
MT 59717 USA 

• Montana State Univ, Dept Biol, Fish & Wildlife Program, Bozeman, MT 59717 
USA 

• Calif State Univ Sacramento, Dept Sci Biol, Sacramento, CA 95819 USA 
 

(#31) 

Title:  Using resampling to assess reliability of audio-visual survey strategies for 
Marbled Murrelets at inland forest sites 

Citation: 

Jodice, P.G., S.L. Garman, and M.W. Collopy.  2001.  Using Re-sampling to Assess 
Reliability of Audio-visual Survey Strategies for Marbled Murrelets at Inland Forest 
Sites.  Waterbirds, 24(3):  331-344 

Keywords:  accuracy assessment, Brachyramphus marmoratus, Marbled Murrelet, Oregon, 
population monitoring, resampling, survey methodology 

Abstract: Marbled Murrelets (Brachyramphus marmoratus) are threatened seabirds that 
nest in coastal old-growth coniferous forests throughout much of their breeding 
range. Currently, observer-based audio-visual surveys are conducted at inland forest 
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sites during the breeding season primarily to determine nesting distribution and 
breeding status and are being used to estimate temporal or spatial trends in murrelet 
detections. Our goal was to assess the feasibility of using audio-visual survey data 
for such monitoring. We used an intensive field-based survey effort to record daily 
murrelet detections at seven survey stations in the Oregon Coast Range. We then 
used computer-aided resampling techniques to assess the effectiveness of twelve 
survey strategies with varying scheduling and a sampling intensity of 414 surveys 
per breeding season to estimate known means and SDs of murrelet detections. Most 
survey strategies we tested failed to provide estimates of detection means and SDs 
that were within +/- 20% of actual means and SDs. Estimates of daily detections 
were, however, frequently estimated to within +/- 50% of field data with sampling 
efforts of 14 days/breeding season. Additional resampling analyses with statistically 
generated detection data indicated that the temporal variability in detection data had 
a great effect on the reliability of the mean and SD estimates calculated from the 
twelve survey strategies, while the value of the mean had little effect. Effectiveness 
at estimating multi-year trends in detection data was similarly poor, indicating that 
audio-visual surveys might be reliably used to estimate annual declines in murrelet 
detections of the order of 50% per year. 

Availability:  

• Jodice PGR, Oregon State Univ, Dept Fisheries & Wildlife, Corvallis, OR 97331 
USA 

• Oregon State Univ, Dept Fisheries & Wildlife, Corvallis, OR 97331 USA 
• Oregon State Univ, Dept Forest Sci, Corvallis, OR 97331 USA 
• USGS, Forest & Rangeland Ecosyst Sci Ctr, Corvallis, OR 97331 USA 
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(#32) 

Title:  Activity patterns of Marbled Murrelets in douglas-fir old-growth forests of the 
Oregon coast range 

Citation: 

Jodice, P.G. and M.W. Collopy.  2000.  Activity patterns of Marbled Murrelets in 
douglas-fir old-growth forests of the Oregon coast range.  Condor, 102(2): 275-285. 

Keywords:  activity patterns, alcids, Brachyramphus marmoratus, Marbled Murrelet, 
statistical analyses, survey methodology 

Abstract: We monitored activity patterns of Marbled Murrelets (Brachyramphus 
marmoratus) on a near-daily basis using audio-visual surveys during three breeding 
seasons at five forest stands in the Oregon Coast Range. Three measures of activity 
were recorded: number of daily detections, number of daily vocalizations, and 
duration of daily activity. Each measure was highly variable within and among 
stands and years, and we recorded greater variability than has been previously 
reported for this species. The three measures of activity were strongly correlated 
within a day at each survey station, but correlative relationships at temporal and 
spatial scales greater than this were inconsistent. Activity varied greatly from one 
day to the next during all portions of the breeding season, and we did not identify 
any month when variability in activity was consistently higher or lower than any 
other month. Multivariate analyses revealed that weather and date variates 
explained little of the variability in daily activity. Given the extreme levels of 
variability in Marbled Murrelet activity and our lack of understanding as to which 
factors drive that variability, it is critical that conclusions about activity or behavior 
not be drawn from data sets not specifically designed to answer the questions of 
interest. 

Availability: 

• Jodice PGR, Oregon State Univ, Dept Fisheries & Wildlife, Oregon Cooperat Fish & 
Wildlife Res Unit, Corvallis, OR 97331 USA 

• Oregon State Univ, Dept Fisheries & Wildlife, Oregon Cooperat Fish & Wildlife 
Res Unit, Corvallis, OR 97331 USA 

• USGS, Forest & Rangeland Ecosyst Sci Ctr, Corvallis, OR 97331 USA 
 

(#33) 

Title:  Decline of the Marbled Murrelet in Clayoquot Sound, British Columbia: 1982-1993 

Citation: 

Kelson, J.D., I.A. Manley, and H.R. Carter.  1995.  Decline of the Marbled Murrelet in 
Clayoquot Sound, British Columbia:  1982-1993.  Northwest Naturalist, 76: 90-98. 

Keywords:  at-sea surveys, Brachyramphus marmoratus, Marbled Murrelets, marine 
habitats, population monitoring 
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Abstract:  In 1992 and 1993, we repeated at-sea surveys of marbled murrelets 
(Brachyramphus marmoratus) in Clayoquot Sound, British Columbia, that were 
conducted originally in 1982.  Murrelet distribution was determined by counting 
birds in 341 contiguous 1-km2 quadrats in fiord, channel, and inshore marine 
habitats.  Counts for this area totaled 4500 birds in 1982, 2704 birds in 1992, and 2622 
birds in 1993 which constituted a 40% decline in the population size from 1982-1993.  
Birds were clumped in all surveys, with the highest densities in inshore (28, 14.3, 
7.85 birds/km2 in 1982, 1992, and 1993, respectively) marine habitats.  The average 
change in the number of birds in each quadrat between the 1982 and 1992-93 surveys 
was significant for all quadrats combined, and individually for inshore quadrats.  
We consider the loss of nesting habitat in old-growth forest to be the probably cause 
of most of the observed population decline.  By 1992 approximately 15-24.5% of the 
originally forested area in Clayoquot Sound had been logged.  Oil spills, gill-net 
fishing, and oceanographic conditions (El Nino) were also considered as possible 
factors contributing to the population decline.  This study is the first in North 
America to document a decline in a marbled murrelet population using a single, 
standardized at-sea survey technique. 

 

(#34) 

Title: Seasonal timing, geographic distribution and flight behavior of broad-winged 
hawks during spring migration in south Texas: A radar and visual study 

Citation: 

Kerlinger, P and S.A. Gauthreaux, A. Jr.  1985.  Seasonal timing, geographic distribution 
and flight behavior of broad-winged hawks during spring migration in south Texas: 
A radar and visual study.  The Auk, 102:735-743. 

Keywords:  bird migration, Broad-winged Hawks, Buteo platypterus, radar 

Abstract:  Spring migration of Broad-winged Hawks (Buteo platypterus) through south 
Texas was studied using vertical, fixed-beam, and surveillance radars with 
simultaneous visual observations.  Five years of records from Santa Ana National 
Wildlife Refuge and 33 years of reports from American Birds were also employed.  
The peak of the migration occurred during the last week in March through the 
second week in April, with the migration of adults commencing two weeks earlier 
than immatures.  Almost all migrants (>99%) passed east of 99o10’W.  Winds during 
the migration season in south Texas were from the southeast at the surface, and from 
south-southeast to south at the latitude of migration, minimizing the potential for 
lateral drift.  Only 4% of the 85, 000 migrants counted in 1982 flew on days with 
opposing winds.  Net tracks of hawks soaring in thermals were nearly downwind 
toward opposing winds.  Net tracks of hawks soaring in thermals were nearly 
downwind toward 312o.  Tracks of glides were toward 6o and did not vary with wind 
direction, probably because of the extreme predictability of wind direction.  Daily 
flight time averaged 8.7 h and was greater on days with good thermal lift (low 
percent cloud cover) and favorable winds.  Altitude of migration increased from 
early morning to midday, averaging 652m at midday, and varied inversely with the 
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amount of cloud cover.  Hawks often flew too high to be seen without binoculars, so 
direct visual counts were strongly dependant on radar detection.  Ninety-two 
percent of the hawks flew in flocks of >100 birds after 1100, and approximately 90% 
landed in flocks of >40 individuals.  Flocking was hypothesized to facilitate the 
random encounter of thermals during interthermal glides, saving time and energy. 

Availability: Sidney A. Gauthreaux, Jr.  Department of Biological Sciences, Clemson, 
South Carolina 29634 USA 
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(#35) 

Title:  Can surveillance radar be used to monitor the foraging distribution of colonially 
breeding alcids? 

Citation: 

Lilliendahl, K., Solmundsson, J., Gudmundsson, G.A., and Taylor, L.  2003.  Can 
surveillance radar be used to monitor the foraging distribution of colonially breeding 
alcids?  Condor, 105(1): 145-150. 

Keywords:  alcids, at-sea surveys, breeding biology, distribution, foraging, Iceland, 
radar, temporal changes 

Abstract: We used surveillance radar to track flocks of colonially breeding alcids at 
Latrabjarg, northwest Iceland, that were returning from their feeding grounds.  We 
compared the flight directions of incoming flocks during the chick-rearing period 
with alcid densities at sea during both the incubation and chick-rearing periods.  The 
direction of incoming flocks was significantly related to alcid distribution at sea 
during the chick-rearing period.  At-sea alcid counts suggested a temporal change in 
alcid use of foraging areas within a breeding season.  Surveillance radar appears 
practical for monitoring preferred foraging areas of alcids within seasons and 
between years.  Further radar can provide an overall picture of alcid distribution 
near colonies, complementary to studies on foraging flights of individual birds. 

 

(#36) 

Title:  A new method for ageing Marbled Murrelets and the effect on productivity 
estimates 

Citation: 

Long, L.L., C.J. Ralph, and S.L. Miller.  A new method for ageing Marbled Murrelets and 
the effect on productivity estimates.  Pacific Seabirds, 28(2):  82-91. 

Keywords:  ageing, Brachyramphus marmoratus, Marbled Murrelet, molt, plumage, 
productivity, molt 

Abstract:  Accurate knowledge of the number of newly-fledged juveniles offshore is 
critical to estimates of productivity of the threatened Marbled Murrelets 
(Brachyramphus marmoratus).  We describe a method for collecting productivity data 
which allows researchers to objectively evaluate age determinations and their effect 
on juvenile percentages.  This has the potential to reduce the effect of observer 
variability and the number of misidentified birds, especially late in the breeding 
season when adults in late pre-basic molt are very similar to juveniles.  We analyzed 
the timing of this molt in adults, and found some variation between regions and 
years.  Therefore, critical dates for identification of adults in late molt versus 
juveniles may need to be reassessed annually.  During our study, productivity 
estimates ranged form 1% to 7% juveniles.  We used two methods for assessing the 
effect of missed juveniles.  Even after adjusting for misclassified murrelets, the 
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resulting juvenile percentages (1% to 17%) would suggest an unstable population in 
our study area. 

 

 

 

(#37) 

Title:  Breeding chronology, breeding success, distribution and movements of Marbled 
Murrelets (Brachyramphus marmoratus) in Desolation Sound, British Columbia 

Citation: 

Lougheed, C. 2000. Breeding chronology, breeding success, distribution and movements 
of Marbled Murrelets (Brachyramphus marmoratus) in Desolation Sound, British 
Columbia. Technical Report Series No. 352. Canadian Wildlife Service, Pacific and 
Yukon Region, BC.89 pp.  

Keywords:  Brachyramphus marmoratus, breeding chronology, breeding success, British 
Columbia, distribution, foraging, Marbled Murrelets, population monitoring, radio 
telemetry 

Abstract:  The breeding chronology, breeding success, distribution and movements of a 
Marbled Murrelet (Brachyramphus marmoratus) population were studied at 
Desolation Sounds, British Columbia from 1996 to 1998.  This threatened seabird 
(family Alcidae) spends most of its time at sea and feeds on small fish, but is unique 
among the auks for nesting solitarily in old-growth forest.  I integrated several 
methods to study chronology and synchrony of breeding by this population.  I used 
radio telemetry to study local survival (and emigration rates) of hatch year (HY) and 
after-hatch year (AHY) birds.  I also used at-sea surveys and radio telemetry to study 
fine scale changes in spatial and temporal distribution of the ocean. 

 The timing of breeding events varied among years (1996 was the earliest, 1998 was 
the latest).  The breeding seasons were long and had a large overlap between 
incubation and chick rearing.  An average breeding season extended from April 21 to 
September 5.  Marbled Murrelets in Desolation Sound breed more asynchronously 
than predicted for an alcid at this latitude.   

 I calculated juvenile rations (the ratio of HY to AHY birds) with two methods: (1) 
using HY numbers correlated for emigration rate and the mean AHY number during 
peak counts of the season (the “correlated” ratio); and (2) using counts of HY and 
AHY birds from the same late season surveys (the “concurrent” ratio).  The weekly 
survival rate of newly radio-tagged HY birds was 0.27 (0.73 emigration rate); it was 
0.95 for AHY birds (0.05 emigration rate).  The average “corrected” juvenile ration 
was higher (0.131 ±0.053) than the “concurrent” juvenile ratio (0.042 ± 0.022) but 
lower than other independent estimates of fecundity from nest site monitoring. I 
propose that my juvenile ratio estimates are lower due to differences in at-sea 
distribution of adults and juveniles.  I emphasize that these estimates must be 
cautiously interpreted, due to the unknown extent of the bias in AHY numbers. 
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 Marbled Murrelets in Desolation Sound undertake both daily and seasonal 
movements related to breeding.  They are usually denser in areas of cooler waters, 
but shift their distribution towards areas close to old-growth forest, especially 
during chick rearing.  I also found daily shifts in distribution.  Murrelets moved 
between the nearshore and offshore, and in and out of sheltered areas between day 
and night.  I propose that these movements are a result of birds exposing themselves 
to predation risk in order to forage in areas that are energetically beneficial due to 
proximity to nest sites or better foraging opportunities. 

 

(#38) 

Title: Techniques for investigating breeding chronology in Marbled Murrelets, 
Desolation Sound, British Columbia 

Citation:  

Lougheed, C., B.A. Vanderkist, L.W. Lougheed, and F. Cooke.  2002.  Techniques for 
investigating breeding chronology in Marbled Murrelets, Desolation Sound, British 
Columbia.  Condor, 104(2): 319-330. 

Keywords:  Alcidae, Brachyramphus marmoratus, breeding chronology, British Columbia, 
Marbled Murrelet, radio-telemetry 

Abstract:  We used several methods to study the chronology and synchrony of breeding 
events of the Marbled Murrelet (Brachyramphus marmoratus) population at Desolation 
Sound, British Columbia, from 1996 to 1998.  The timing of breeding events varied 
among years; on average the breeding season lasted from 21 April to 5 September.  
We assessed the biases of each method used by comparing the results to the estimate 
of the integrated breeding chronology.  Counts of hatch-year birds at sea were biased 
toward earlier breeders.  Missing an estimated 24% of the fledglings.  Two other 
methods, physiological analysis of the yolk precursor vitellogenin from the blood 
samples and monitoring by radio-telemetry could produce a complete distribution of 
the breeding events if sampling were done through laying.  Observations in the 
forest, date of the first observation of a fledgling at sea during the breeding season, 
and fish-holding behavior produced insufficient data to be used as sole indicators of 
breeding chronology of this species.  In general, breeding synchrony in alcids, 
assessed using data from a literature review, was related to feeding habits but 
increased with latitude (41% of the variation was explained by latitude). Marbled 
Murrelets, however, bred less synchronously that predicted for an alcid at this 
latitude (50°N).  

 

(#39) 

Title: Probability of detecting murrelets at sea: Effects of single versus paired observers 

Citation: 
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Mack, D.E., M.G. Raphael, J.L. Laake.  2002. Probability of detecting murrelets at sea: 
Effects of single versus paired observers.  Journal of Wildlife Management, 66(3):865-
873. 

Keywords: aerial surveys, at-sea surveys, Brachyramphus marmoratus, Marbled Murrelet, 
observer variability, survey methodology, Washington 

Abstract:  Density estimates for marbled murrelets (Brachyramphus marmoratus) are 
obtained from at-sea surveys, but survey methods vary among regions.  We 
compared the performance of a single observer with that of an observer operating in 
a paired-observer team in detecting marbled murrelets during marine surveys in the 
San Juan Islands, Washington, USA.  Performance was measured against an 
independent observer (10) who selected a sample of birds; we used this sample to 
determine the proportion detected by the observer(s).  To represent probability of 
success, we used a function that was the product of a half-normal detection function 
modified to incorporate scale covariates and a logistic function to represent detection 
probability on the line, g(0).  We used Akaike’s Information Criterion (AIC) to select 
the set of covariates (murrelet group size and behavior, observer, wave height, cloud 
cover, and the number primary observers) that best explained variability in g(0) and 
scale (effect of distance on detection probability).  Single observers detected 80% of 
the 274 targets, and paired observers detected 84% of 343 targets selected by the IO.  
Detection probability was affected by observer, murrelet behavior, and group size; 
wave height influence the effect of distance on detection probability.  Estimates of 
detection probability on the4 line [g(0)] ranged from 0.78 to0.95 with single observer; 
average estimates from paired observers were similarly biased (0.84 to 0.93), but less 
variable.  Options for surveying include retaining single- or paired-observer surveys 
and accepting bias and variability from g(0) <1, attempting to reduce bias by using 2 
or more observers in a different configuration with a different search pattern, or 
using an independent observer to remove bias. 

Availability:  

Mack, D.E., US Forest Serv, USDA, Pacific NW Res Stn, 3625 93rd Ave SW, Olympia, WA 
98512 USA 

 

(#40) 

Title:  Marbled Murrelet Effectiveness Monitoring Plan for the Northwest Forest Plan 

Citation: 

Madsen, S., Evans, D., Hamer, T., Henson, P., Miller, S., Nelson, K.S., Roby, D., and 
Stapanian, M.  1999.  Marbled Murrelet Effectiveness Monitoring Plan for the 
Northwest Forest Plan.  USDA, Forest Service, Pacific Northwest Research Station, 
Portland, Oregon, GTR PNW-GTR-439. 51 pp. 

Keywords:  effectiveness monitoring, habitat assessment, Marbled Murrelet, marine 
surveys, nesting habitat, Northwest Forest Plan, population monitoring, predictive 
model, remote sensing, survey protocol/design 
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Annotation:  This report outlines different habitat and population monitoring strategies.  
Basically they recommend using habitat models to monitor habitat availability (at 
present and in the future) in combination with marine surveys to monitor 
population densities.  However, a reliable habitat model must be developed, as well 
as standardized marine survey protocol.    

Abstract:  This report describes options for effectiveness monitoring of long-term status 
and trends to evaluate the success of the Northwest Forest Plan in maintaining and 
restoring marbled murrelet nesting habitat and populations on Federal lands.  A 
two-phase approach is described that begins with developing reliable and repeatable 
processes for identifying nesting habitat and overcoming logistical and statistical 
problems before habitat and population trends can be accurately assessed.  The 
second phase involves application of these processes to mapping and quantifying 
nesting habitat, and establishing populations in the Forest Plan area.  The potential 
use of predictive models to evaluate the relation between terrestrial habitat use and 
conditions and population densities and trends is described along with a process for 
data analysis and reporting. 

Highlights:  “Murrelet populations and their productivity are most efficiently 
monitored at sea.  An indicator of murrelet productivity (reproductive success), 
which is also influenced by nesting habitat, that can be measured at sea is the ratio of 
juveniles to adults during the nesting season.” 

“A plan that did not include population monitoring would be extremely weak in its 
credibility and defensibility given the results of conceptual model development.  
Furthermore, effectiveness monitoring based on habitat alone would not allow 
adequate conclusions concerning key status and trend expectations identified in the 
Forest Plan, or provide a solid data set for use in development of predictive models 
that could be used for long-term monitoring based on habitat.” 

Availability:  This report is available as a pdf (Adobe Acrobat) format to download from 
(www.fs.fed.us/pnw/pubs.htm) 

 

(#41) 

Title:  Use of fragmented landscapes by marbled murrelets for nesting in southern 
Oregon 

Citation:   

Meyer, C.B. and S.L. Miller.  2002.  Use of fragmented landscapes by marbled murrelets 
for nesting in southern Oregon.  Conservation Biology, 16(3): 755-766. 

Keywords:  breeding success, forest fragmentation, Marbled Murrelet, nesting habitat, 
old-growth forest, Pacific-Northwest 

Abstract: As old-growth forest becomes more fragmented in the Pacific Northwest 
(U.S.A.), species dependent on large patches of old-growth forest may be at greater 
risk of extinction. The Marbled Murrelet (Brachyramphus marmoratus), a seabird 
whose populations are declining in North America, nests in such old-growth forests 

http://www.fs.fed.us/pnw/pubs.htm
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or forests with large remnant trees. Using logistic regression models on landscapes 
in southern Oregon, we addressed (1) whether old-growth forest fragmentation was 
associated with use of an area by murrelets and (2) whether proximity to certain 
marine features was associated with use of forest fragments by murrelets. On a 
geographic information system vegetation map derived from satellite imagery, we 
placed circular plots of 400-, 800-, 1600-, and 3200-m radius over surveyed inland 
areas occupied or unoccupied by murrelets. Within each plot, spatial and other land- 
and seascape habitat variables were calculated and regressed against murrelet 
occupancy. Murrelets generally occupied low-elevation inland sites in landscapes 
with relatively low fragmentation and isolation of old-growth forest patches, and 
these sites were close to the coast, river mouths, and a major bay.  Almost all 
occupied landscapes occurred in a fog-influenced vegetation zone. Because nesting 
habitat with large amounts of interior forest is currently scarce in southern Oregon, 
management efforts should focus on protecting or creating large, contiguous blocks 
of old-growth forest, especially in areas near the coast. 

Availability: 

• Meyer CB, Univ Wyoming, Dept Bot, Laramie, WY 82071 USA 
• Univ Wyoming, Dept Bot, Laramie, WY 82071 USA 
• US Forest Serv, Pacific SW Res Stn, Arcata, CA 95521 USA 
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Title:  Multi-scale landscape and seascape patterns associated with marbled murrelet 
nesting areas on the US west coast 

Citation: 

Meyer, C.B., S.L. Miller, and C.J. Ralph.  2002.  Multi-scale landscape and seascape 
patterns associated with marbled murrelet nesting areas on the US west coast.  
Landscape Ecology, 17(2): 95-115. 

Keywords:  Brachyramphus marmoratus, fidelity, fragmentation, landscape, Marbled 
Murrelet, old-growth forest, spatial scales, statistical analyses 

Abstract:  Habitat for wide-ranging species should be addressed at multiple scales to 
fully understand factors that limit populations.  The marbled murrelet 
(Brachyramphus marmoratus), a threatened seabird, forages on the ocean and nests 
inland in large trees.  We developed statistical relationships between murrelet use 
(occupancy and abundance) and habitat variables quantified across many spatial 
scales (statewide to local) and two time periods in California and southern Oregon, 
USA.  We also addressed (1) if old-growth forest fragmentation was negatively 
associated with murrelet use, and (2) if some nesting areas are more important than 
others due to their proximity to high quality marine habitat.  Most landscapes used 
for nesting were restricted to low elevation areas with frequent fog.  Birds were most 
abundant in unfragmented old-growth forests located within a matrix of mature 
second-growth forest.  Murrelets were less likely to occupy old-growth habitat if it 
was isolated (> 5 km) from other nesting murrelets.  We found a time lag in response 
to fragmentation, where at least a few years were required before birds abandoned 
fragmented forests.  Compared to landscapes with little to no murrelet use, 
landscapes with many murrelets were closer to the ocean's bays, river mouths, sandy 
shores, submarine canyons, and marine waters with consistently high primary 
productivity.  Within local landscapes (less than or equal to 800 ha), inland factors 
limited bird abundance, but at the broadest landscape scale studied (3200 ha), 
proximity to marine habitat was most limiting.  Management should focus on 
protecting or creating large, contiguous old-growth forest stands, especially in low-
elevation areas near productive marine habitat. 

Availability: Meyer CB, Univ Wyoming, Dept Bot, POB 3165, Laramie, WY 82071 USA 
Univ Wyoming, Dept Bot, Laramie, WY 82071 USA 

 

(#43) 

Title:  Why do Marbled Murrelets attend old-growth forest nesting areas year-round? 
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Naslund, N.L.  1993.  Why do Marbled Murrelets attend old-growth forest nesting areas 
year-round? Auk, 110: 594-602 
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Keywords:  California, detections, Marbled Murrelet, molt, nesting habitat, old-growth, 
year-round activity  

Abstract: The attendance of Marbled Murrelets (Brachyramphus marmoratus) in old-
growth forest in central California was studied from January 1989 through July 1991. 
Five nesting areas were surveyed (n = 216 survey mornings) by recording the 
number of times murrelets were detected (by sight or sound) during a 2-h period at 
dawn. Presence or absence of murrelets was determined during an additional 123 
morning surveys. Murrelets were active in nesting areas nearly year-round. 
Detection levels in fall and winter (nonbreeding season) were about one-half those in 
spring and summer (breeding season). Murrelets were absent, or detections were 
minimal and most variable, during August-October and March. These transitional 
periods of low murrelet activity coincided with periods of molt. Detection levels 
were least variable in November and December. Marbled Murrelets in central 
California attended nesting areas during the nonbreeding season more frequently 
than murrelets in other regions, and more often than most other alcids. Wintering 
murrelets may be year-round resident breeders and attendance during the 
nonbreeding season may be important for maintenance of nest sites, nesting 
territories, or pair bonds. Nesting areas should be managed throughout the year. 
Winter may be an ideal time to conduct long-term monitoring studies, as variability 
in attendance is low. 

Availability: Univ Calif Santa Cruz, NST Marine SCI, Santa Cruz,CA 95064 

 

(#44) 

Title:  Marbled Murrelet and Landbird Monitoring in Northwestern California and 
Oregon 

Citation: 

Ralph, J.C., Miller, S.L, Hollinger, K., Hogoboom, B., Frey, R.I., Long, L., Matsumoto, T. 
and Stauffer, H.  2001.  Annual Report:  Marbled Murrelet and Landbird Monitoring 
in Northwestern California and Oregon.  Redwood Sciences Laboratory, Bird 
Monitoring Laboratory, U.S.A. 

Keywords:  detections, Marbled Murrelet, nesting habitat, oil spills, old-growth forest, 
population monitoring, redwood forests, survey design 

Annotation:  This report is a summary of the progress made by the Redwood Sciences 
Laboratory on the Marbled Murrelet research.  In the report numerous areas 
pertaining to Marbled Murrelets were analyzed.  Off shore and on shore monitoring 
surveys of murrelets were mentioned.  On shore monitoring allows an estimate of 
the density of murrelets in areas that are too close to shore to be accessible by boat.  
A comparison was made using two survey designs.  Surveys were conducted 
simultaneously using the technique used for the past 11 years and the current 
technique and the results were compared.   

In addition, the effects of two oil spills in Humboldt Bay were monitored.  New 
protocols were developed and tested to measure the extent of oiling on individual 
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birds as well as the types of oil that were found on the water.  The locations of the 
oiled and dead birds were mapped using Geographical Information Systems (GIS).   

The importance of 26 old-growth redwood forests were ranked using the occupancy 
of the stands by Marbled Murrelets as an index of bird nesting activity.   These 
results provided information to help preserve some of the stands.   

The Marbled Murrelet Effectiveness Monitoring Program uses vegetation 
classifications, that are derived from satellite images, to determine the amount and 
distribution of nesting habitat available on federal lands and to monitor the changes 
over time. 

 

(#45) 

Title:  Landscape-scale relationships between abundance of Marbled Murrelets and 
distribution of nesting habitat 

Citation: 

Raphael, M.G., D.E. Mack, and B.A. Cooper.  2002.  Landscape-scale relationships 
between abundance of Marbled Murrelets and distribution of nesting habitat.  
Condor, 104(2): 331-342. 

Keywords:  Brachyramphus marmoratus, fragmentation, late-seral forest, Marbled 
Murrelet, population monitoring, Olympic Peninsula, radar targets, river 
drainage/watersheds, Washington 

Abstract: We used radar to count numbers of Marbled Murrelets (Brachyramphus 
marmoratus) flying inland within 10 river drainages on the Olympic Peninsula, 
Washington, during 1998-2000. We tested whether the numbers of murrelets 
entering drainages could be predicted from the amount and spatial configuration of 
low-elevation, late-seral forest (potential murrelet nesting habitat) within drainages. 
The maximal number of murrelet radar targets was positively correlated with the 
amount of late-seral forest in each of the three years sampled; this relationship 
persisted in 1999 and 2000 when controlling for drainage size. Murrelet radar counts 
were not correlated with the combined amounts of harvested, developed, and 
agricultural lands in any year. Numbers of murrelets increased as the amount of core 
area of late-seral forest and proximity of patches increased, and decreased with 
increasing amounts of edge of Late-seral patches. Numbers were not correlated with 
the percent of late-seral forest, patch density, patch size, road density, or the overall 
diversity of all habitat types within landscapes. Neither the maximal nor the mean 
number of inbound Marbled Murrelets differed among years; the effect of year was 
small relative to the effect of habitat on murrelet numbers. Our results suggest that 
changes in the amount or distribution of nesting habitat should result in detectable 
changes in murrelet numbers at the scale of individual drainages. Thus, the amount 
and distribution of nesting habitat may play a role in the regulation of Marbled 
Murrelet populations, supporting the contention that providing nesting habitat is an 
effective conservation and restoration technique for this species. 

Availability:   
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• Raphael MG, USDA, Forest Serv, Pacific NW Res Stn, 3625 93rd Ave SW, Olympia, 
WA 98512 USA 

• USDA, Forest Serv, Pacific NW Res Stn, Olympia, WA 98512 USA  
• ABR Inc, Environm Res & Serv, Forest Grove, OR 97116 USA 

 

(#46) 

Title:  Inventory Methods for Marbled Murrelets in Marine and Terrestrial Habitats 

Citation: 

RISC (Resources Information Standards Committee).  2001. Inventory Methods for 
Marbled Murrelets in Marine and Terrestrial Habitats:  Standards for Components of 
British Columbia’s Biodiversity. No. 10.  Prepared by the Ministry of Environment, 
Lands and Parks, Resources Inventory Branch, Victoria, B.C. 

Keywords:  breeding biology, British Columbia, nesting habitat, inventory, Marbled 
Murrelets, radar surveys, survey design 

Annotation:  This manual, version 2.0, is a revised and improved manual describing 
standard methods for inventory of Marbled Murrelets in British Columbia.  This 
manual includes methods for inventory to evaluate presence, relative abundance 
and absolute abundance.  Version 2.0 attempts to incorporate new knowledge of the 
province’s Marbled Murrelets from surveys completed after the publication of 
version 1.1.  This version also includes a more detailed section on sample design.  
Like its predecessors, this manual was compiled by the Elements Working Group of 
the Terrestrial Ecosystems Task Force, under the auspices of the Resources 
Information Standards Committee (RISC).  The objectives of the working group are 
to develop inventory methods that will lead to the collection of comparable, 
defensible, and useful inventory and monitoring data for the species component of 
biodiversity. 

This manual is one of Standards for Components of British Columbia’s Biodiversity 
(CBCB) series that present standard protocols designed specifically for groups of 
species with similar inventory requirements.  The series includes an introductory 
manual (Species Inventory Fundamentals No. 1) which describes the history and 
objectives of the RIC, and outlines the general process of conducting a species 
inventory according to RIC standards, including selection of inventory intensity, 
sampling design, sampling techniques, and statistical analysis.  The Species Inventory 
Fundamentals manual provides important background information and should be 
thoroughly reviewed before commencing with a RIC wildlife inventory. RIC 
standards are also for vertebrate taxonomy (No. 2), animal capture and handling 
(No. 3), voucher collection (No. 4), radio-telemetry (No. 5).  Field personnel should 
be thoroughly familiar with these standards before engaging in field inventories 
which may involve any of these activities.   

Standard dataforms are required for all RIC species inventory.  Survey-specific 
dataforms accompany most manuals while general wildlife inventory forms are 
available in Species Inventory Fundamentals No. 1 [Forms].  This is important to ensure 
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compatibility with provincial data systems, as all information must eventually be 
included in the Species Inventory (SPI) Data system. 

Availability: http://www.publications.gov.bc.ca or 
http://srmwww.gov.bc.ca/risc/ 

 

(#47) 

Title:  Activity levels of Marbled Murrelets in different inland habitats in the Queen 
Charlotte Islands 

Citation: 

Rodway, M.S., H.M. Regehr, and J-P.L. Savard.  1993a.  Activity levels of Marbled 
Murrelets in different inland habitats in the Queen Charlotte Islands, British 
Columbia.  Canadian Journal of Zoology, 71: 977-984 

Keywords:  activity levels, alpine areas, British Columbia, Marbled Murrelet, nesting 
habitat, old-growth forest, second-growth forest, survey design, Queen Charlotte 
Islands 

Abstract: We compared Marbled Murrelet (Brachyramphus marmoratus) activity levels in 
May, June, and July 1990 in four habitats in the Queen Charlotte Islands, British 
Columbia: alpine, old-growth forest at high elevation, old-growth forest at low 
elevation, and second-growth forest. The number of Marbled Murrelet detections 
was highest in old-growth forests. In alpine areas, small numbers of murrelet 
detections were mostly of distant birds flying over low elevation forest. Numbers of 
detections were higher in low-elevation than in high-elevation old-growth forests in 
May and July, but not in June. Proportions of detections within smaller radii of 
survey stations were higher in low elevation forest in all months. The highest activity 
levels were associated with old-growth forest stands of large Sitka spruce (Picea 
sitchensis) and western hemlock (Tsuga heterophylla). The few detections that occurred 
in second-growth forests were mostly of distant birds. Stations in second-growth 
forest close to stands of old-growth forest had more frequent detections than stations 
with no old-growth forest nearby. Our results support the association of Marbled 
Murrelets with old-growth forests. Limitations of the survey methodology are 
discussed. 

Availability: Rodway, MS, MEM Univ Newfoundland, Dept Biol, St Johns A1B 3X9, 
Newfoundland, Canada  
Canadian Wildlife Service, Delta V4K 3Y3, BC, Canada 

 

(#48) 

Title:  Activity Patterns of Marbled Murrelets in Old-Growth Forest in the Queen 
Charlotte Islands 

Citation: 

http://www.publications.gov.bc.ca/
http://srmwww.gov.bc.ca/risc/
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Rodway, M.S., Regehr, H.M., and Savard, J-P.L.  1993b.  Activity Patterns of Marbled 
Murrelets in Old-Growth Forest in the Queen Charlotte Islands, British Columbia.  
Condor, 95(4): 831-848. 

Keywords:  activity patterns, Brachyramphus marmoratus, British Columbia, detections, 
Marbled Murrelet, old-growth forest, Queen Charlotte Islands, survey methodology 

Abstract:  Activity patterns of Marbled Murrelets (Brachyramphus marmoratus) in old-
growth forest were compared at two sites in the Queen Charlotte Islands, British 
Columbia. Number of detections peaked in late July at both sites.  More activity was 
recorded on cloudy mornings than on clear mornings and the duration of activity 
was greater on cloudy days than on clear days.  Number of detections, number of 
calls and duration of the activity period per survey were highly variable and were 
correlated on a coarse scale (seasonally) but not always on a fine scale (weekly).  
Activity levels at the two stations were correlated over the entire season but not on a 
monthly or weekly basis.  Detections were always more numerous in the morning 
than in the evening.  Most detections were auditory only, but birds were seen in 20 
and 26% of detections at the two sites. Approximately half of visual detections were 
of silent birds.  Most birds sighted were either singles or in pairs and the majority of 
single birds were silent and tended to fly at lower altitudes than grouped birds.  
Knowledge of the behavior of Marbled Murrelets at inland locations is essential for 
the design of survey methodology and interpretation of survey results. 

Availability: Rodway, MS, MEM Univ Newfoundland, Dept Biol, St Johns A1B 3X9, 
Newfoundland, Canada  
Canadian Wildlife Service, Delta V4K 3Y3, BC, Canada 
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(#49) 

Title:  Potential Nesting Density of Marbled Murrelets in Valley-Bottom Old-Growth 
Forest in Clayoquot Sound, British Columbia 

Citation: 

Rodway, M.S. and H.M. Regehr.  1999.  Potential nesting density of Marbled Murrelets 
in valley-bottom old-growth forest in Clayoquot Sound, British Columbia.  Pacific 
Seabirds, 26(1):  3-7. 

Keywords:  activity levels, British Columbia, Clayoquot Sound, habitat, Marbled 
Murrelet, nest densities, nesting habitat, platform density 

Abstract:  Priorities for protection of nesting habitat for threatened populations of 
Marbled Murrelets (Brachyramphus marmoratus) are being established in some areas 
based on relative, below-canopy activity levels measured during repeated, intensive 
morning surveys.  Activity levels have never been calibrated to a measure of nesting 
density, and estimates of relative habitat use are speculative.  Our objectives were to:  
1) determine the density of Marbled Murrelet nests in undisturbed, valley-bottom, 
old-growth forest habitat with high activity levels; 2) characterize the Sitka Spruce 
(Picea sitchensis) - salmonberry (Rubus spectabalis) flood plain habitat we sampled in 
terms of forest structure thought to be important to nesting Marbled Murrelets; and 
3) measure observer bias in identifying potential nest trees and estimating numbers 
of potential nesting platforms from the ground.  No recently occupied or old nests 
were found in 70 randomly selected trees containing potential nesting platforms that 
were climbed in a 64 ha study plot in the Ursus valley, Clayoquot Sound, British 
Columbia.  Although actual nesting density remained unknown, results provided 
the first data on potential nest density and indicated a low density in an area 
considered excellent nesting habitat.  Large, dominant conifers, Western Hemlock 
(Tsuga heterophylla) and Sitka Spruce, provided most potential nesting platforms 
available to Marbled Murrelets.  Numbers of potential platforms estimated from the 
ground were lower on average than actual counts of platforms by the tree climber, 
especially for Sitka Spruce which had the highest numbers of potential platforms per 
tree.  Further studies, in which a greater proportion of potential nest trees in a 
variety of habitats are climbed, are needed to determine actual nesting densities and 
estimate areas of old-growth forest required to protect established populations. 

 

(#50) 

Title:  Measuring Marbled Murrelet activity in valley-bottom habitat: bias due to station 
placement 

Citation: 

Rodway, M.S. and H.M. Regehr. 2000. Measuring Marbled Murrelet activity in valley-
bottom habitat: bias due to station placement. Journal of Field Ornithology, 71:415-422.  
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Keywords:  British Columbia, Clayoquot Sound, detections, habitat, low-elevation 
forest, Marbled Murrelet, nesting, survey design 

Abstract:  Survey stations to measure Marbled Murrelet (Brachyramphus marmoratus) 
activity in low-elevation forest are often preferentially placed on stream channels 
because they provide wide visibility and the greatest chances of visually detecting 
birds and thus behaviors possibly associated with nesting. Detections of birds flying 
along stream channels to access nesting habitat farther inland will inflate estimates 
of activity associated with the adjacent forest.  We compared numbers and types of 
murrelet detections between 12 paired stations within 100 m of each other on 
streambeds and in similar habitat in adjacent forest during 8 Jun-10 Jul. 1997 in 
Clayoquot Sound, British Columbia.  Circling and below-canopy flight, thought to be 
indicative of nesting, were observed at all streambed survey stations and at less than 
half of paired forest stations. Numbers of such "occupied" detections were six times 
greater at streambed than forest sites.  Size of opening at survey stations accounted 
for much of the difference in detection rates between forest and streambed stations, 
but numbers of total, visual, and occupied detections, specifically those of circling 
birds, were lower at forest than streambed stations even after the effect of opening 
size had been considered.  Correlations between opening size and numbers of 
detections at streambed but not at forest locations, also indicated that differences 
between streambed and forest stations were not solely a function of opening size.  
Observations at one pair of stations where murrelets were using a flight corridor 
over the forest station indicated chat a corridor effect may not be confined to 
streambed locations.  Results indicated that placement of survey stations on stream 
channels is appropriate if the goal is to determine murrelet presence or the 
occurrence of occupied detections in an area.  However, if a comparison of murrelet 
activity between habitat types is the objective, then forest stations with comparable 
opening sizes may be needed to provide unbiased results. 

Availability: Rodway MS, Simon Fraser Univ, Dept Biol Sci, Burnaby, BC V5A 1S6, 
Canada 

 

(#51) 

Title:  Use of Radar to Monitor Marbled Murrelets in the Santa Cruz Mountains, 
California 

Citation: 

Singer, S.W. and T.E. Hamer.  1999.  Use of Radar to Monitor Marbled Murrelets in the 
Santa Cruz Mountains, California.  Pacific Seabirds, 26(1):  45. 

Keywords:  California, Marbled Murrelet, population monitoring, radar surveys, Santa 
Cruz, survey design 

Article:  A pilot study was conducted using ornithological radar to track and monitor 
Marbled Murrelets (Brachyramphus marmoratus) in four drainages in the Santa Cruz 
Mountains, California.  The Santa Cruz Mountains are the southern most murrelet 
breeding area and support the smallest and most isolated population of the Marbled 
Murrelet.  Our primary monitoring site, Gazos Creek Canyon, is typical of coastal 
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canyons in the Santa Cruz Mountains - steep and narrow with a dense cover of coast 
redwood, and separated from the coast by a marine terrace covered with grassland and 
chaparral.  Although radar has been successfully used to detect murrelets in other 
terrains, this technique had not been used in the unique terrain found in the Santa Cruz 
Mountains.  Through careful selection of station locations we were able to successfully 
use radar to monitor murrelets traveling to and from their breeding areas.  Radar 
stations we used included grassy knolls at the mouth of forested canyons, canyon 
bottom meadows, hillside openings, and ridge top locations.  We discuss the criteria for 
suitable radar survey sites and the parameters affecting the detection of murrelets by 
radar.  We describe some new tools that maximize data from murrelet radar surveys and 
reduce identification errors.  Our findings indicate that radar is the ideal tool for located 
murrelet breeding areas in the Santa Cruz Mountains and for monitoring changes in the 
number of murrelets using those areas over time. 

Availability:  Santa Cruz Mountains Murrelet Group, 218 Nevada St., Santa Cruz, CA 
95060-6523 (SWSingerMS@aol.com)  

Hamer Environmental, 19997 Highway 9, Mount Vernon, WA 98274-8320, USA. 

 

(#52) 

Title:  Marbled murrelet surveys: site and annual variation, sampling effort, and 
statistical power 

Citation: 

Smith, W.P. and V.L. Harke.  2001.  Marbled murrelet surveys: site and annual variation, 
sampling effort, and statistical power.  Wildlife Society Bulletin, 29(2): 568-577. 

Keywords:  Alaska, audio-visual surveys, Marbled Murrelet, population monitoring, 
spatial variation, statistical power, survey design 

Abstract: Populations of the marbled murrelet (Brachyramphus marmoratus) have 
declined and become fragmented throughout the Pacific Northwest, apparently 
because of the loss of older forests from logging.  Because clearcut logging continues 
throughout a large portion of the bird's range, there is a pressing need to develop 
rigorous monitoring protocols.  We conducted 10-minute dawn surveys at fixed 
point-count stations along 2 roadway segments during mid-July 1991-1996 to 
quantify annual and with in-year spatial variation in detecting marbled murrelets.  
Mean detections/station (pooled across stations) varied among years and ranged 
from 11.3 to 33.8.  The greatest within-year difference among stations was a range of 
0-74 detections, which occurred in the same vicinity in 1994; within-year variation 
between roadway segments was not significant (F-1,F-21 = 0.46, P = 0.51).  For a 
specified effect size of 0.40, we determined that the sample size needed to detect 
significant differences among years, for alpha = 0.05 and power (1-beta) = 0.95, was 
22 point-count stations.  Number of years required to detect an annual decrease in 
detection of 10% with one visit to a station/year varied according to the precision of 
estimates, which varied annually and ranged between 28-46 years and 12-19 years 
for alpha = beta = 0.05 and 0.10, respectively.  By visiting each station 20 or 12 times 
annually, it may be possible to detect a 10% annual decrease in detection in 6 years 

mailto:SWSingerMS@aol.com
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(i.e., 50% cumulative decline) without compromising power or error rate. Assuming 
that dawn survey detections reasonably index habitat distribution or relative 
abundance, these results provide preliminary estimates of sampling effort necessary 
to detect local population decline or within-year differences in murrelet habitat 
distribution in the Yakutat Foreland of southeastern Alaska. 

Availability: 

• Smith WP, USDA, Forest Serv, Pacific NW Res Stn, Forestry Sci Lab, Juneau, AK 
99801 USA 

• USDA, Forest Serv, Pacific NW Res Stn, Forestry Sci Lab, Juneau, AK 99801  
• USDA, Forest Serv, Tongass Natl Forest, Yakutat Ranger Dist, Yakutat, AK 99689 
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(#53) 

Title: Indirect, physiological assessment of reproductive state and breeding chronology 
in free-living birds: an example in the Marbled Murrelet (Brachyramphus marmoratus) 

Citation:  

Vanderkist, B.A., T.D. Williams, D.F. Bertram, L. Lougheed and J.P. Ryder. In press. 
Indirect, physiological assessment of reproductive state and breeding chronology in 
free-living birds: an example in the Marbled Murrelet (Brachyramphus marmoratus). 
Functional Ecology, 14: 758-765. 

Keywords:  breeding chronology, Cassin’s Auk, Marbled Murrelet, physiology, survey 
design  

Abstract:   

1. An indirect, physiological method to assess reproductive state individuals of 
unknown status is described.  The plasma levels of two main yolk precursors, 
vitellogenin (VTG) and very-low density lipoproteins (VLDL), are focused on as 
indices of egg production, for characterization of fecund females.  

2. Data for a species where breeding chronology could be directly assessed, at the 
population level (Cassin’s Auk, Ptychoramphus aleuticus), confirmed the validity of 
this approach: plasma VTG levels were the highest during the defined egg-laying 
period, and the highest proportion of females were defined as ‘egg-producing’ in 
this period.   

3. Analysis of samples for Marbled Murrelets (Brachyramphus marmoratus) caught off-
nest (i.e. Where all individuals were of unknown status), clearly identified a putative 
egg laying phase, with a single, protracted laying period (cf. Multi-broodiness) 

4. Analysis of body mass confirmed our characterization of ‘egg-producing’ females: 
birds with elevated plasma VTG were on average 40g heavier than other females, 
equivalent to the mass of a single egg(36-41 g). 

5. Indirect, physiological assessment of reproductive state provided valuable 
information on the breeding biology of Marbled Murrelets which would have been 
difficult to obtain in any other way (e.g. proportion of fecund females, breeding 
phenology, single vs. multiple –clutch breeding pattern).  Despite some of the 
limitations, this technique should be applicable to any oviparous vertebrate 
population where essential information on breeding biology cannot be obtained by 
more traditional methods.  

 

(#54) 

Title: Distribution and abundance of birds relative to elevation and biogeoclimatic zones 
in coastal old-growth forests in southern British Columbia 

Citation: 
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Waterhouse, F.L., M.H. Mather, and D. Seip.  2002.  Distribution and abundance of birds 
relative to elevation and biogeoclimatic zones in coastal old-growth forests in 
southern British Columbia.  B.C. Journal of Ecosystems and Management, 2(2):13pp. 

Keywords:  bird abundance, British Columbia, Coastal Western Hemlock Zone, 
elevation, forest structure, habitat, Mountain Hemlock Zone, old-growth forest 

Abstract: This study examined birds and their association with forest structure and 
elevation in 1992 and 1993.  The research site were located in old-growth forest 
stands (251+ years) distributed between 400 and 1500m elevation in south coastal 
British Columbia.  The use of simple and multiple regressions revealed that the 
variation in mean abundance of most bird species was in part explained by 
elevation, and was likely due to stand structure and other factors (e.g., forage 
productivity) that vary with elevation gradient.  However, total bird abundance and 
richness responded weakly to elevation; instead, density of the huge snags (>100cm 
DBH) per hectare more consistently accounted for the variation in these two 
measures. 

 Distributions of bird species are described according to two biogeoclimatic zones- 
the Coastal Western Hemlock and the Mountain Hemlock.  Biogeoclimatic 
classification, which is based on plant associations and climate, is used for forest 
management in British Columbia.  Mean abundance of 10 bird species differed 
significantly between the biogeoclimatic zones in at least one of these study years.  
Biogeoclimatic zones are also effectively classified bird species into two different 
communities using multidimensional scaling and mean similarity analysis.  
However, richness and total bird abundance did not differ significantly between 
zones indicating that community structure was similar, although composition and 
dominance differed by zone.  The authors, therefore, suggest that the representation 
of old-growth forest by biogeoclimatic zone helps maintain bird diversity.  To 
maintain the observed  distribution of bird species, however, old-growth habitats 
should be represented over the entire elevational gradient and include variation in 
forest stand structure. 

Availability: Wildlife Habitat Ecologist, Research, Vancouver Forest Region, B.C. 
Ministry of Forests, 2100 Labieux Rd. Nanaimo, BC 

 Email: Louis.Waterhouse@gems1.gov.bc.ca 

 

(#55) 

Title: Use of airphotos to identify, describe and manage forest structure of Marbled 
Murrelet nesting habitat at a coastal British Columbia site 

Citation: 

Waterhouse, F.L., R. Bradley, J. Markila, F. Cooke and L. Lougheed. 2002. Use of 
airphotos to identify, describe and manage forest structure of Marbled Murrelet 
nesting habitat at a coastal British Columbia site. Research Section, Vancouver Forest 
Region, BC Ministry of Forests. Nanaimo, BC. Technical Report TR-016. 22 pp. 
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Keywords:  air photo interpretation, Brachyramphus marmoratus, British Columbia, forest 
structural attributes, Marbled Murrelet, nesting habitat, vertical complexity 

Abstract: We examined stand-level habitat associations of Marbled Murrelet nest sites 
located by radio telemetry (1998-2000) in the Sunshine Coast area of south coastal 
British Columbia. We estimated amounts and types of forest structural attributes 
from mid-scale airphotos for 45 nest polygons (stands) using a Vegetation Resources 
Inventory Classification (VRI). Our first two objectives were to determine if airphoto 
interpretations are useful for predicting nesting habitats of Marbled Murrelets, and if 
so, evaluate if these interpretations can be used to assist managers select suitable 
candidate reserve areas for them. We found using logistic regression that of five 
attributes (mean height in m, mean basal area in m2/ha, mean age in years, mean 
crown closure in %, and vertical complexity by class) vertical complexity best 
predicted which polygons murrelets will use for nesting and which polygons are 
likely to have a successful nest. In addition, stand age improved the conditional 
probability of a murrelet using a polygon for nesting, but this improvement 
appeared to increase at a decreasing rate for polygons >200 year old that were 
vertically complex. Vertical complexity is defined as >20% height differences 
between canopy dominants and the average tree canopy layer and as having visible 
canopy gaps. It is influenced by stand age, past disturbance and tree species 
succession. Vertical complexity has been associated with higher quality microhabitat 
for nests (platform branch size, and epiphyte cover) and/or as providing access into 
the stand for this seabird. We suggest stand age may also be a surrogate for higher 
quality microhabitat features associated with nest sites.  

 
Our third objective was to determine if our findings could help prescribe restoration 
of managed stands and thereby re-establish potential habitat. Overall, the 
relationship we modelled between age and vertical complexity suggested that 
habitat suitable for murrelet nests may be recruited earlier if younger stands are 
managed for vertical complexity. We recommend further research on the value of 
airphoto interpretation for identifying habitats for Marbled Murrelet reserves, and 
for habitat restoration. 

 
Availability:  http://www.for.gov.bc.ca/vancouvr/research/wildlifereports/tr016.pdf 

 

(#56) 

Title: Foraging distances of radio-marked marbled murrelets from inland areas in 
southeast Alaska 

Citation:  

Whitworth, D.L., S.K. Nelson, S.H. Newman, G.B. Van Vliet, and W.P. Smith.  2000.  
Foraging distances of radio-marked marbled murrelets from inland areas in 
southeast Alaska.  Condor, 102: 452-456. 

Keywords:  Alaska, Brachyramphus marmoratus, feeding, Marbled Murrelet, radio 
telemetry 
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Abstract: We radio-tagged seven female and two male Marbled Murrelets 
(Brachyramphus marmoratus) of undetermined breeding status and followed their 
movements through the inner passages of northern southeast Alaska during the 
breeding season (May-July) in 1998.  Six of the nine murrelets were detected inland 
in the early morning hours from 24 June to 17 July.  Inland visits for each individual 
were consistent to a particular location, but short in duration, which precluded 
locating nest sites.  We recorded 45 location at sea up to 124 km (x=78 ± 27km) from 
inland sites during the period 19 June to 16 July.  We detected murrelets at inland 
sites and at sea on the same day on 20 occasions with a mean distance between these 
locations of 75  ± 42km.  The majority of the murrelets were located at sea in western 
Icy Straight, a productive feeding area at the mouth of Glacier Bay.  This study 
provides the first direct evidence that Marbled Murrelets in southeast Alaska are 
consistently traveling considerable distances between potential nesting and foraging 
areas.  These findings have important implications for murrelet conservation and 
management efforts in southeast Alaska.    
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(#57) 

Title: An ornithological radar 

Citation:  

Williams, T.C.  1972.  An ornithological radar.  American Birds, 26(3): 555-557. 

Keywords:  bird migration, detections, radar, survey conditions 

Annotation: A Decca 101 marine radar was mounted on the roof of a van to track bird 
migration.  This research found it useful to use radar for ornithological work.  The 
radar chosen was limited in range but worked well for short range monitoring.  It 
appeared to be very useful for discriminating flocks of birds, for detecting their 
movements in rain or snow and for use in remote locations that were beyond the 
range of fixed radar installations. 

Availability: Janet Williams.  Department of Biology, State University of New York at 
Buffalo, New York 14214 

 

(#58) 

Title:  How to use marine radar for bird watching 

Citation: 

Williams, T.C.  1984.  How to use marine radar for bird watching.  American Birds, 
38(N/D): 982-983. 

Keywords:  bird migration, detections, population monitoring, radar, survey 
methodology 

Annotation:  Radar has been used for the past few decades as an important tool in 
ornithological studies.  Radar detects the movements of birds at night, in clouds and 
fog and it displays the birds’ position on a map like screen that gives a more accurate 
location than it is possible by means of visual observers.  This paper gives 
instructions on the basic operating techniques needed for monitoring birds using 
radar.  Possible problems that one might encounter while using radar are discussed 
with solutions. 

Highlights: This report includes brief instructions for operating radar for monitoring of 
bird migration 

Availability:  Department of Biology, Swarthmore College, Swarthmore, PA 19081 
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Title:  Bird Migration Through a Mountain Pass Studied with High-resolution Radar, 
Ceilometers, and Census 

Citation: 
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Williams, T.C., Williams, J.M. Williams, and P.G. Williams.  2001.  Bird Migration 
Through a Mountain Pass Studied with High-resolution Radar, Ceilometers, and 
Census.  Auk, 118(2) 389-403 

Keywords:  Appalachian Mountains, bird migration, census, radar, survey conditions 

Abstract:  Autumnal migration was studied with high-resolution radar, ceilometer, and 
daily census in the area of Franconia Notch, a major pass in the northern 
Appalachian Mountains.  Under synoptic conditions favorable for migration, 
broadfront movements of migrants toward the south passed over the mountains, 
often above a temperature inversion.  Birds at lower elevations appeared to be 
influenced by local topography.  Birds moving southwest were concentrated along 
the face of the mountain range.  Birds appeared to deviate their flights to follow local 
topography through the pass.   Specific migratory behavior was not associated with 
species or species groups.  Under synoptic conditions unfavorable for southward 
migration, multimodal movements probably associated with local flights were as 
dense as the southward migrations described above.  Avian migrants reacting to 
local terrain may result in concentrations of migrants over ridge summits or other 
topographic features.   

 

(#60) 

Title:  Radar and Visual Observations of Autumnal (Southward) Shorebird Migration on 
Guam 

Citation: 

Williams, T.C., and J.M. Williams.  1988.  Radar and Visual Observations of Autumnal 
(Southward) Shorebird Migration on Guam.  Auk, 105:  460-466. 

Keywords:  bird migration, Guam, radar, shorebirds 

Abstract:  Several species of shorebirds migrate between eastern Asia and the southern 
Pacific islands, Australia, and New Zealand.  Observations made from Guam during 
autumn 1983 indicate that a significant number of birds take a direct route over the 
western Pacific Ocean.  Radar observations and ground counts of migrants on Guam 
showed two periods of autumnal migratory activity.  The first, largely adult birds, 
was in August and September.  The second, largely juveniles, was in late September 
and October.  Radar indicated that large numbers of birds passed over the island to 
the south with no evidence of compensation for drift by the easterly winds.  
Comparison of radar and ground observations on Guam showed that only a small 
subset of migrants stop on the island, suggesting that some species may make 
nonstop flights between eastern Asia and the South Pacific.   
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Title:  A comparison of radar observations of bird migration at Haizhou Bay, China, and 
Guam, Marianas 
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Citation: 
Williams, T.C. and M. Ying.  1990.  A comparison of radar observations of bird 

migration at Haizhou Bay, China, and Guam, Marianas. Auk, 107: 404-406 

Keywords:  bird migration, China, detections, Guam, radar 

Annotation:   Simultaneous radar studies were made at Haizhou Bay, China and Guam, 
Marianas during September and October of 1983.  Neither observer was aware of the 
other study.  Comparisons were made and the results of the studies show that the 
density of bird migration was less over Guam than over China.  Southwest migrant 
at Haizhou Bay were influenced by local factors such as time of day and weather 
whereas southeast migrants at Haizhou Bay and Guam were unaffected by local 
weather or time of day.  Ground speeds and characteristics of the radar echo 
indicated that birds that move southeast (away from coastal China) and birds near 
Guam were primarily shoe birds, whereas the route parallel to the coast is used by 
several taxa including passerines.  This study shows that shorebirds depart the coast 
on a transpacific flight to southern Pacific Islands and along the Asian coast. 
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