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Table A: Aggregate Results of All Suitable Habitat (Acres) Affected by Section 7 
Consultation for the Marbled Murrelet; Summary of Effects By Conservation 
Zone and Habitat Type From October 1st, 2003 to Present.

Acres Removed  NWFP Lands 

Tue Mar 21 17:27:54 MDT 2017

Conservation
Zone1

Authorized Habitat Effects2 Reported Habitat Effects2

Stands3 Remnants4 Stands3 Remnants4

Puget Sound -105 0 -1 0
Western Washington -12 0 -12 0

Outside CZ Area in WA 0 0 0 0
Oregon Coast Range -2,584 -930 -2,145 0

Siskiyou Coast Range -2,858 0 -1 0
Outside CZ Area in OR -1 0 0 0

Mendocino 0 0 0 0
Santa Cruz Mountains 0 0 0 0

Outside CZ Area in CA 0 0 0 0
Total -5,560 -930 -2,159 0

Notes:

1. Conservation Zones (CZ) six zones were established by the 1997 Recovery Plan to guide 
terrestrial and marine management planning and monitoring for the Marbled Murrelet. Marbled 
Murrelet Recovery Plan, September, 1997

2. Habitat includes all known occupied sites, as well as other suitable habitat, though it is not 
necessarily occupied. Importantly, there is no single definition of suitable habitat, though the 
Marbled Murrelet Effectiveness Monitoring Module is in the process. Some useable working 
definitions include the Primary Constituent Elements as defined in the Critical Habitat Final 
Rule, or the criteria used for Washington State by Raphael et al. (Condor 104:331-342). 

3. Stand: A patch of older forest in an area with potential platform trees. 
4. Remnants: A residual/remnant stand is an area with scattered potential platform trees within a 

younger forest that lacks, overall, the structures for marbled murrelet nesting. 
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Table B: Aggregate Results of All Critical Habitat (Acres) Affected by Section 7 
Consultation for the Marbled Murrelet; Baseline and Summary of Effects By 
Conservation Zone and Habitat Type From October 1st, 2003 to Present.

Acres Removed  NWFP Lands 

Tue Mar 21 17:28:58 MDT 2017

Conservation
Zone1

Designated 
Acres2

Authorized Habitat 
Effects3

Reported Habitat 
Effects3

Total CHU 
Acres Stands4 Remnants5 PCE26 Stands4 Remnants5 PCE26

Puget Sound 1,271,782 -59 0 -21 0 -1 0
Western 

Washington 414,050 0 0 0 0 0 0

Outside CZ Area in 
WA 0 0 0 0 0 0 0

Oregon Coast 
Range 1,024,122 -13 0 -208 0 0 0

Siskiyou Coast 
Range 1,055,788 -822 0 -7 0 0 0

Outside CZ Area in 
OR 0 0 0 0 0 0 0

Mendocino 122,882 0 0 0 0 0 0
Santa Cruz 
Mountains 47,993 0 0 0 0 0 0

Outside CZ Area in 
CA 0 0 0 0 0 0 0

Total 3,936,617 -894 0 -236 0 -1 0

Notes:

1. Conservation Zones (CZ) six zones were established by the 1997 Recovery Plan to guide 
terrestrial and marine management planning and monitoring for the Marbled Murrelet. Marbled 
Murrelet Recovery Plan, September, 1997

2. Critical Habitat Unit acres divided by Conservation zones, as presented in the Marbled Murrelet 
Recovery Plan Figure 8, page 114. 

3. Habitat includes all known occupied sites, as well as other suitable habitat, though it is not 
necessarily occupied. Importantly, there is no single definition of suitable habitat, though the 
Marbled Murrelet Effectiveness Monitoring Module is in the process. Some useable working 
definitions include the Primary Constituent Elements as defined in the Critical Habitat Final 
Rule, or the criteria used for Washington State by Raphael et al. (Condor 104:331-342). 
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4. Stand: A patch of older forest in an area with potential platform trees. 
5. Remnants: A residual/remnant stand is an area with scattered potential platform trees within a 

younger forest that lacks, overall, the structures for marbled murrelet nesting. 
6. PCE2: trees with a ½ site-potential tree height within .5 mile of a potential nest tree. 
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SUMMARY OF 2016 RESULTS 

We report the 2016 monitoring results from the Northwest Forest Plan Effectiveness Monitoring Program 

for the Marbled Murrelet (Brachyramphus marmoratus).  The purpose of this program is to assess status 

and trends of at-sea murrelet populations during the nesting season, and status and trends in their nesting 

habitat.  Please refer to the 20-year report and past publications for more details on the program and 

methods (Madsen et al. 1999; Huff et al. 2006; Raphael et al. 2007; Raphael et al. 2011; Miller et al. 2012; 

Falxa et al. 2014; Falxa and Raphael 2016).   

In 2014 we implemented a reduced-sampling effort design, where Conservation Zones 1 and 3 are sampled 

in even years, Conservation Zones 2 and 4 are sampled in odd years, and Conservation Zone 5 is sampled 

every fourth year, in conjunction with Conservation Zone 4.  This sampling design was fully implemented in 

2016 with surveys conducted in Conservation Zones 1 and 3.  Due to this reduced sampling effort, we were 

not able to provide an estimate for Plan-wide area (“All Zones”) in our 2015 summary report (Lynch et al. 

2016).  With the addition of surveys in Conservation Zones 1 and 3 in 2016, the Plan-wide population 

estimate is 24,100 murrelets, which is displayed as the 2015 estimate in Table 1.  The lack of 2016 data for 

Conservation Zones 2, 4 and 5 means there are no 2016 population estimates or trend results for those 

zones, the Plan-wide area, nor for the States.  

The objectives of murrelet population monitoring are to estimate population size and trend during the 

breeding season in five murrelet conservation zones in coastal waters adjacent to the Northwest Forest 

Plan area, which extends from the United States border with British Columbia south to the Golden Gate of 

San Francisco Bay.  We present detailed results through 2016 (where available) in the tables and figures 

below.  At the conservation zone scale, the 2016 population estimates were about 4,600 murrelets in 

Conservation Zone 1 (Strait of Juan de Fuca, San Juan Islands, and Puget Sound, Washington) and 6,800 in 

Conservation Zone 3 (from Columbia River south to Coos Bay, Oregon) (see Table 3).  At-sea murrelet 

density estimates for areas sampled in 2016 were from 1.32 birds per km2 in Conservation Zone 1 and 4.27 

birds per km2 in Conservation Zone 3 (Table 3). 

At the scale of individual conservation zones that we sampled in 2016, we continue to find evidence for 

population declines in Conservation Zone 1 (-4.94% decline per year; 95% CI: -7.7to -2.1%) (see Table 2 and 

Figures 2 and 4).  While the data indicate there may be a positive trend in Conservation Zone 3, the lower 

confidence interval overlaps zero; therefore, the trend for this Conservation Zone is uncertain.  In this 

summary report, as in the 20-year, 2014, and 2015 summary reports, we included population and trend 

estimates at the state scale (Tables 2 and 4, Figures 2, 3, and 4).  However, these summaries have not 

changed from those presented in 2015 because with the reduced effort sampling strategy, it now takes two 

years to survey all conservation zones and we cannot produce state- and range-wide scale estimates for 

2016 until 2017 .  Because changes in murrelet population trends have occurred across different time 

periods and zones, we recommend continued monitoring to track these changes.  We emphasize that these 

are the only data available for assessing murrelet recovery and response to the NW Forest Plan. 

Due to the nature of sampling a highly mobile bird that is sparsely and patchily distributed and the level of 

survey effort, our population and trend estimates tend to have fairly wide confidence intervals.  We repeat 

here information from the 20-year report (Falxa et al. 2016) on evaluating for evidence of a trend: 
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“For the purposes of evaluating the evidence for a linear trend, we considered: (1) the magnitude 

of the annual trend estimate, particularly in relation to zero, where zero represents a stable 

population, and (2) the width and location of the 95 percent confidence intervals surrounding that 

trend estimate, also in relation to zero.  The evidence for a population trend, versus a stable 

population, is stronger when the trend estimate and its 95 percent confidence interval do not 

overlap zero, and when the trend estimate is farther from zero.  When the confidence interval of a 

trend estimate is tight around zero, then we would conclude that there is no evidence of a trend.  

Finally, when the confidence interval of a trend estimate broadly overlaps zero and the trend 

estimate is not close to zero, this indicates evidence that is not conclusive for or against a non-zero 

trend.  Confidence intervals that are mainly above or below zero, but slightly overlap zero, can 

provide some evidence of a trend. “ 

 

For the nest habitat monitoring component of the Marbled Murrelet Effectiveness Monitoring Program, 

there was no work in 2016. 

Publications that include recent population and habitat monitoring results in detail include the three 

chapters in the 20-year murrelet report: 1) population (Falxa et al. 2016), 2) nesting habitat (Raphael et al. 

(2016a), and 3) an integrative chapter (Raphael et al., 2016b), as well as a related study of relationships 

between the at-sea murrelet distribution observed by this program and terrestrial habitat and marine 

factors (Raphael et al. 2015).  These, our 2015 summary report, and other reports, publications, and 

information relevant to the Marbled Murrelet Effectiveness Monitoring Program (and for other NW Forest 

Plan Effectiveness Monitoring programs) can be found at http://www.reo.gov/monitoring.   

Additional Notes on 2016 surveys  

Zone 1:  Washington Department of Fish and Wildlife (WDFW) conducted these surveys.  There were no 

significant survey issues to report for 2016.  The survey crew had a new observation platform (Fog Lark) 

which provided a slightly higher view elevation. 

Zone 3:  A team from Crescent Coastal Research conducted these surveys.  There were no significant survey 

issues to report for 2016.  

Zones 2, 4 and 5:  We did not conduct surveys in 2016 in these zones, as discussed above. 

Adjustments to Trend Analysis Method to Account for Reduced Effort Sampling Design 

Prior to implementing the reduced-effort sampling design, the program was able to generate population 

trend estimates annually for inference units (individual conservation zones, all zones combined, and states).  

Now, with most zones to be sampled only every-other year, trend analyses must account for years without 

population estimates.  In 2015, the population monitoring team developed the following adjustments to 

the trend analyses method to take into account this new population data structure.  These methods are 

reflected in the estimates provided in the Tables and Figures. 

1. At the conservation zone scale, trend estimates will be generated through the most recent year 

with population surveys and density estimates, using only data from those years with actual 

surveys for a conservation zone.  

http://www.reo.gov/monitoring


  5 
 

2. At the All-Zones and state scales, trend estimates will be generated through the most recent year 

with either (a) population surveys and density estimates, or (b) an interpolated value, for the input 

density components from Conservation Zones 1 through 4.  Extrapolations will not be used for 

components from these zones.  This means that All-Zones and state-scale estimates will be one 

year “behind” (except for the California estimate; see below). 

 For example, for 2016, we would provide All-Zones and state trend estimates through 2015 

only, because Zones 2 and 4 will not have been surveyed in 2016, and these zones 

contribute to all three state-scale analyses. The 2001-2015 All-Zones and state trend 

estimates will use the actual 2015 density estimates for Zones 1, 2 and 4 (which were all 

surveyed in 2015), and an interpolated 2015 density estimate for Zone 3 (based on density 

estimates for 2014 and 2016survey years for Zone 3).  

3. Interpolations will only be used to generate zone density estimates for the last year of a trend 

analysis period, and only for generating All-Zones and state-scale trend estimates, as described 

above.   

4. For California, trend estimates will be generated only through the most recent year with population 

surveys and density estimates for Conservation Zone 4 (which provides the primary component to 

the California estimate).  

5. For the Zone 5 component of the California and All-Zones trend estimates, we will use the density 

estimate from the most recent year with Zone 5 surveys (currently, this is 2013).  With Zone 5 

scheduled to be surveyed only every fourth year, this extrapolation of Zone 5 data allows updating 

of the California and All-Zone trend estimates more frequently than every fourth year.  Because 

Zone 5 has so few birds, this extrapolation has a negligible effect on these trend estimates. 
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CONTACT INFORMATION 
For more information on the Marbled Murrelet Monitoring Program, contact: 

Deanna Lynch (Interim Marbled Murrelet Module Lead) 

Phone: 360-753-9545 

Email: deanna_lynch@fws.gov 

Web Site:  Additional information, reports, publications, and program updates relevant to the Marbled 

Murrelet Effectiveness Monitoring Program (as well all other modules from the Interagency Regional 

Monitoring Program) can be found at http://www.reo.gov/monitoring.  

 

RECOMMENDED CITATION:  
Lynch, D., J. Baldwin, M.M. Lance, S.K. Nelson, S.F. Pearson, M.G. Raphael, C. Strong, and R. Young.  2017.  

Marbled murrelet effectiveness monitoring, Northwest Forest Plan:  2016 summary report.  19 pp.
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Table 1.  Summary of 2001-2016 marbled murrelet density and population size estimates (rounded to 
nearest 100 birds) for all conservation zones combined.  Numbers may differ slightly from those in 
previous summary reports, as a result of additional data quality reviews performed in 2014.   
 

Year Density 
(birds/km

2
) 

Bootstrap 
Standard Error 

(birds/km
2
) 

Coefficient of 
Variation of 
Density (%) 

Birds Birds Lower 
95% CL 

Birds Upper 
95% CL 

2001 2.47 0.25 10.1% 21,800 17,500 26,100 

2002 2.56 0.31 11.9% 22,500 17,300 27,800 

2003 2.60 0.25 9.6% 22,800 18,500 27,100 

2004 2.46 0.26 10.5% 21,600 17,100 26,000 

2005 2.30 0.25 10.7% 20,200 16,000 24,400 

2006 2.08 0.17 8.2% 18,300 15,300 21,200 

2007 1.97 0.27 13.7% 17,300 12,700 22,000 

2008 2.06 0.18 8.9% 18,100 15,000 21,300 

2009 1.96 0.21 10.6% 17,300 13,700 20,900 

2010 1.89 0.21 11.1% 16,600 13,000 20,300 

2011 2.50 0.31 12.6% 22,000 16,600 27,400 

2012 2.40 0.27 11.4% 21,100 16,400 25,700 

2013 2.24 0.25 11.1% 19,700 15,400 23,900 

2014 2.425 0.221 9.1% 21,300 17,492 25,118  

2015 2.75 0.26 9.4% 24,100 19,700 28,600 
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Table 2.  Estimates of average annual rate of change based on the at-sea population surveys.  Results 
that included 2016 data are presented first, at scales of conservation zone and state.  Confidence limits 
are for the estimates of percent annual change.  The P-value is based on a 1-tailed test for whether the 
annual rate of change is less than zero.  Based on updated population estimates reported in Tables 1 
and 3.  For guidance on interpretation of rates of change and confidence intervals, please refer to Falxa 
et al. (2016), and the excerpt from that report in the summary text above. 

 

Zone or 

State Period of Analysis 
Annual Rate of 

Change (%) 

95% Conf. Limits Adjusted 

R2 

P-

value Lower Upper 

Zone 1 2001-2016 -4.9 -7.7 -2.1 0.454 0.003 

Zone 3 2000-2016 1.1 -0.9 3.3 0.022 0.266 

       

Zone 2 2001-2015 -2.8 -7.6 2.3 0.029 0.256 

Zone 4 2000-2015 3.0 0.4 5.6 0.270 0.027 

Zone 5 2000-2015 −2.5 −7.1 4.1 0.000 0.544 

WA 2001-2015 -4.4 -6.8 -1.9 0.493 0.002 

OR 2000-2015 1.7 -0.3 3.7 0.136 0.088 

CA 2000-2015 3.8 0.9 6.8 0.321 0.013 

All Zones 2001-2015 −0.13 −1.7 1.4 0.000 0.863 
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Table 3.  Murrelet population estimates for conservation zones and sampling strata within zones, 2000-2016, with 
parameter values (right 3 columns) used in the Distance Sampling method used to estimate population size.  Based 
on at-sea surveys. The Zone 5 and "All Zone" estimates use interpolated values in years when Zone 5 was not 
surveyed.  See text for details on use of interpolated or extrapolated values for estimates. 

Year Zone Stratum Density CV Birds Lower 
95% CI 

Upper  
95% CI Area f(0) E(s) Truncation 

Distance (m) 
2000 3 All 4.129 18.6%      6,587       3,987       8,756  1,595 0.0165 1.623 100 
2000 3 1 1.336 32.2%          883           357       1,350  661    
2000 3 2 6.104 19.6%      5,704       3,296       7,608  935    
2000 4 All 4.216 30.9%      4,887       3,417       9,398  1,159 0.0097 1.730 180 
2000 4 1 6.024 34.0%      4,420       2,931       8,784  734    
2000 4 2 1.097 32.1%          467           297           881  425    
2000 5 All 0.090 80.6%            79              -             260  883 0.0097 1.730 180 
2000 5 1 0.179 80.6%            79              -             260  441    
2000 5 2 0.000      -       -             -                -    441    
2001 All All 2.466 10.1%    21,763     17,472     26,053  8,826    
2001 1 All 2.553 18.0%      8,936       5,740     11,896  3,501 0.0133 1.594 142 
2001 1 1 4.506 23.1%      3,809       2,432       5,689  845    
2001 1 2 1.764 21.4%      2,111           948       2,816  1,196    
2001 1 3 2.067 37.2%      3,016           404       5,003  1,459    
2001 2 All 0.899 41.9%      1,518           524       2,942  1,688 0.0125 1.444 80 
2001 2 1 1.430 55.7%      1,040             91       2,364  727    
2001 2 2 0.497 72.5%          478           106       1,317  961    
2001 3 All 4.636 13.2%      7,396       5,230       9,075  1,595 0.0166 1.735 140 
2001 3 1 1.724 23.0%      1,140           657       1,700  661    
2001 3 2 6.695 14.1%      6,257       4,241       7,814  935    
2001 4 All 3.284 24.0%      3,807       2,983       6,425  1,159 0.0101 1.749 170 
2001 4 1 4.567 27.2%      3,351       2,436       5,880  734    
2001 4 2 1.072 30.1%          456           313           854  425    
2001 5 All 0.121 52.5%          106             27           244  883 0.0101 1.749 170 
2001 5 1 0.198 39.1%            87              -             138  441    
2001 5 2 0.043 231.6%            19              -             129  441    
2002 All All 2.563 11.9%    22,521     17,264     27,777  8,788    
2002 1 All 2.788 21.5%      9,758       5,954     14,149  3,501 0.0103 1.761 194 
2002 1 1 7.207 32.8%      6,092       2,716       9,782  845    
2002 1 2 1.879 26.9%      2,248           909       3,309  1,196    
2002 1 3 0.972 34.7%      1,419           580       2,515  1,459    
2002 2 All 1.233 29.2%      2,031           800       3,132  1,650 0.0195 1.400 70 
2002 2 1 2.448 32.1%      1,774           559       2,840  724    
2002 2 2 0.278 41.2%          258              -             417  926    
2002 3 All 3.583 24.1%      5,716       3,674       9,563  1,595 0.0118 1.892 150 
2002 3 1 0.696 34.1%          460           258           886  661    
2002 3 2 5.624 24.7%      5,256       3,301       8,732  935    
2002 4 All 4.112 15.1%      4,766       3,272       6,106  1,159 0.0108 1.724 175 
2002 4 1 5.186 15.9%      3,805       2,501       4,892  734    
2002 4 2 2.260 33.1%          961           437       1,665  425    
2002 5 All 0.282 42.3%          249             27           400  883 0.0108 1.724 175 
2002 5 1 0.510 46.1%          225               8           371  441    
2002 5 2 0.054 71.1%            24              -               54  441    
2003 All All 2.596 9.6%    22,808     18,525     27,091  8,786    
2003 1 All 2.428 16.6%      8,495       5,795     11,211  3,498 0.0087 1.817 300 
2003 1 1 6.644 22.1%      5,617       3,372       7,795  845    
2003 1 2 1.441 32.9%      1,721           911       2,794  1,195    
2003 1 3 0.793 32.8%      1,156           252       1,912  1,458    
2003 2 All 2.407 28.8%      3,972       2,384       6,589  1,650 0.0171 1.399 80 
2003 2 1 2.639 26.0%      1,912       1,132       3,048  724    
2003 2 2 2.225 48.4%      2,061       1,019       4,229  926    
2003 3 All 3.686 16.1%      5,881       3,992       7,542  1,595 0.0132 1.664 130 
2003 3 1 1.192 23.8%          788           499       1,212  661    
2003 3 2 5.450 17.8%      5,093       3,244       6,680  935    
2003 4 All 3.806 17.3%      4,412       3,488       6,495  1,159 0.0086 1.704 180 
2003 4 1 4.960 19.7%      3,640       2,622       5,392  734    
2003 4 2 1.816 27.2%          773           557       1,424  425    
2003 5 All 0.055 61.1%            48             -               85  883 0.0086 1.704 180 
2003 5 1 0.109 61.1%            48             -               85  441    
2003 
 

5 2 0.000     -            -             -             -    441    
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Table 3 (continued) 

Year Zone Stratum Density CV Birds 
Lower 
95% CI 

Upper  
95% CI Area f(0) E(s) 

Truncation 
Distance (m) 

2004 All All 2.455 10.5%    21,572     17,144     26,000  8,786    
2004 1 All 1.562 22.0%      5,465       2,921       7,527  3,498 0.0108 1.789 280 
2004 1 1 3.833 30.0%      3,241       1,365       4,845  845    
2004 1 2 1.513 25.4%      1,807       1,042       2,777  1,195    
2004 1 3 0.286 60.0%          417              -             727  1,458    
2004 2 All 1.823 27.0%      3,009       1,669       4,634  1,650 0.0116 1.411 115 
2004 2 1 3.373 33.4%      2,444       1,217       4,093  724    
2004 2 2 0.611 25.0%          565           314           841  926    
2004 3 All 5.051 13.7%      8,058       5,369       9,819  1,595 0.0143 1.697

9 
110 

2004 3 1 1.721 20.7%      1,137           707       1,732  661    
2004 3 2 7.405 15.1%      6,921       4,278       8,564  935    
2004 4 All 4.272 26.9% 4,952      3,791       9,021  1,159 0.0093 1.700 200 
2004 4 1 5.331 32.2% 3,911      2,729       7,732  734    
2004 4 2 2.447 43.5% 1,041          608       2,421  425    
2004 5 All 0.099 60.5% 88            18           214  883 0.0093 1.700 200 
2004 5 1 0.091 64.5% 40             -             104  441    
2004 5 2 0.107 93.6% 47             -             137  441    
2005 All All 2.300 10.7%    20,209     15,976     24,442  8,785    
2005 1 All 2.275 20.5%      7,956       4,900     11,288  3,497 0.0156 1.758 150 
2005 1 1 2.501 37.7%      2,114           698       3,661  845    
2005 1 2 2.426 25.4%      2,895       1,186       4,210  1,194    
2005 1 3 2.021 30.1%      2,947       1,198       5,019  1,458    
2005 2 All 1.561 20.4%      2,576       1,675       3,729  1,650 0.0136 1.418

4 
130 

2005 2 1 2.785 19.1%      2,018       1,233       2,764  724    
2005 2 2 0.603 56.7%          558           166       1,461  926    
2005 3 All 3.669 16.9%      5,854       3,580       7,447  1,595 0.0127 1.841 150 
2005 3 1 0.808 32.2%          534           269           962  661    
2005 3 2 5.693 17.8%      5,320       3,156       6,760  935    
2005 4 All 3.169 23.6%      3,673       2,740       6,095  1,159 0.0108 1.518 170 
2005 4 1 4.487 25.5%      3,292       2,329       5,562  734    
2005 4 2 0.895 42.1%          381           243           901  425    
2005 5 All 0.169 31.8%          149             69           251  883 0.0108 1.518 170 
2005 5 1 0.141 48.1%            62               8           121  441    
2005 5 2 0.197 39.7%            87             36           156  441    
2006 All All 2.080 8.2%    18,275     15,336     21,214  8,785    
2006 1 All 1.687 18.1%      5,899       4,211       8,242  3,497 0.0138 1.765 139 
2006 1 1 2.760 16.3%      2,333       1,628       3,182  845    
2006 1 2 1.418 24.9%      1,693           777       2,551  1,194    
2006 1 3 1.284 40.4%      1,873           595       3,440  1,458    
2006 2 All 1.455 18.0%      2,381       1,702       3,433  1,650 0.0130 1.567

8 
107 

2006 2 1 2.261 19.9%      1,638       1,038       2,372  724    
2006 2 2 0.802 34.0%          743           380       1,344  926    
2006 3 All 3.731 12.7%      5,953       4,546       7,617  1,595 0.0114 1.814 145 
2006 3 1 1.034 29.6%          684           352       1,070  661    
2006 3 2 5.638 14.1%      5,269       3,886       6,827  935    
2006 4 All 3.410 14.9%      3,953       3,164       5,525  1,159 0.0106 1.622 150 
2006 4 1 4.821 15.5%      3,538       2,698       4,894  734    
2006 4 2 0.977 47.8%          416           209           981  425    
2006 5 Not surveyed. Interpolated estimate used for All Zone calculation 
2007 All All 1.971 13.7% 17,317 12,654 21,980 8,785    
2007 1 All 1.997 24.2% 6,985 4,148 10,639 3,497 0.0117 1.642 378 

2007 1 1 3.445 27.6% 2,912 1,025 4,392 845    
2007 1 2 1.218 21.9% 1,453 708 1,993 1,194    
2007 1 3 1.796 51.3% 2,620 206 5,629 1,458    
2007 2 All 1.536 26.7% 2,535 1,318 3,867 1,650 0.0135 1.496 126 

2007 2 1 2.851 32.0% 2,065 964 3,336 724    
2007 2 2 0.508 25.5% 470 234 666 926    
2007 3 All 2.518 19.8% 4,018 2,730 5,782 1,595 0.0106 1.653 150 

2007 3 1 0.526 58.5% 348 26 744 661    
2007 3 2 3.927 20.4% 3,670 2,525 5,378 935    
2007 4 All 3.234 34.8% 3,749 2,659 7,400 1,159 0.0106 1.607 180 

2007 4 1 4.730 37.5% 3,470 2,329 7,025 734    
2007 4 2 0.655 36.9% 279 146 549 425    
2007 5 All 0.033 37.7% 30 - 49 883 0.0106 1.607 180 

2007 5 1 0.067 37.7% 30 - 49 441    
2007 5 2 0.000  - - - 441    
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Table 3 (continued) 

Year Zone Stratum Density CV Birds 
Lower 
95% CI 

Upper  
95% CI Area f(0) E(s) 

Truncation 
Distance (m) 

2008 All All 2.064 8.9% 18,134 14,983 21,284 8,785    
2008 1 All 1.344 17.6% 4,699 3,000 6,314 3,497 0.0109 1.739 206 

2008 1 1 3.572 25.1% 3,019 1,439 4,472 845    
2008 1 2 0.899 27.6% 1,073 580 1,640 1,194    
2008 1 3 0.416 30.8% 607 288 970 1,458    
2008 2 All 1.169 22.1% 1,929 1,164 2,868 1,650 0.0112 1.535 187 

2008 2 1 2.584 22.4% 1,872 1,132 2,801 724    
2008 2 2 0.062 49.1% 57 - 116 926    
2008 3 All 3.857 14.7% 6,153 4,485 8,066 1,595 0.0113 1.750 130 

2008 3 1 0.337 28.4% 223 107 353 661    
2008 3 2 6.345 15.3% 5,930 4,233 7,816 935    
2008 4 All 4.560 17.9% 5,285 3,809 7,503 1,159 0.0100 1.705 200 

2008 4 1 6.386 19.5% 4,685 3,167 6,687 734    
2008 4 2 1.410 39.0% 600 302 1,195 425    
2008 5 All 0.076 48.1% 67 9 132 883 0.0100 1.705 200 

2008 5 1 0.065 60.1% 29 - 81 441    
2008 5 2 0.087 70.3% 38 - 68 441    
2009 All All 1.965 10.6% 17,260 13,670 20,851 8,785    
2009 1 All 1.608 21.2% 5,623 3,786 8,497 3,497 0.0094 1.694 254 

2009 1 1 3.811 27.7% 3,221 1,777 5,107 845    
2009 1 2 0.689 26.3% 822 489 1,302 1,194    
2009 1 3 1.083 42.9% 1,580 410 3,299 1,458    
2009 2 All 0.765 21.9% 1,263 776 1,874 1,650 0.0092 1.475 191 

2009 2 1 1.609 23.3% 1,166 693 1,766 724    
2009 2 2 0.105 61.0% 97 - 209 926    
2009 3 All 3.696 17.7% 5,896 3,898 7,794 1,595 0.0131 1.696 120 

2009 3 1 0.650 42.5% 430 187 893 661    

2009 3 2 5.849 19.0% 5,467 3,339 7,250 935    

2009 4 All 3.786 19.9% 4,388 3,599 6,952 1,159 0.0100 1.661 150 

2009 4 1 5.304 20.9% 3,892 3,031 6,170 734    

2009 4 2 1.167 67.3% 497 244 1,390 425    

2009 5 Not surveyed. Interpolated estimate used for All Zone calculation 
2010 All All 1.894 11.1% 16,641 13,015 20,268 8,785    
2010 1 All 1.256 20.0% 4,393 2,719 6,207 3,497 0.0100 1.717 200 

2010 1 1 2.004 26.8% 1,694 957 2,712 845    
2010 1 2 1.783 23.6% 2,128 1,021 3,052 1,194    
2010 1 3 0.391 43.1% 571 62 1,142 1,458    
2010 2 All 0.779 25.5% 1,286 688 1,961 1,650 0.0114 1.582 145 

2010 2 1 1.336 23.8% 968 552 1,439 724    
2010 2 2 0.343 71.9% 318 - 784 926    
2010 3 All 4.503 16.7% 7,184 4,453 9,425 1,595 0.0138 1.770 160 

2010 3 1 1.071 50.1% 708 239 1,354 661    
2010 3 2 6.930 17.7% 6,476 3,691 8,468 935    
2010 4 All 3.162 28.5% 3,665 2,248 6,309 1,159 0.0120 1.624 165 

2010 4 1 3.774 34.3% 2,769 1,463 5,087 734    
2010 4 2 2.106 36.3% 896 431 1,700 425    
2010 5 Not surveyed. Interpolated estimate used for All Zone calculation 
2011 All All 2.501 12.6%    21,972     16,566     27,378  8,785    
2011 1 All 2.055 17.4%      7,187       4,807       9,595  3,497 0.0089 1.666 289 

2011 1 1 5.580 20.3%      4,717       2,621       6,399  845    
2011 1 2 1.243 23.7%      1,484           790       2,147  1,194    
2011 1 3 0.676 65.8%          986           206       2,384  1,458    
2011 2 All 0.721 33.4%      1,189           571       2,106  1,650 0.0110 1.496

7 
161 

2011 2 1 1.314 30.8%          952           400       1,572  724    
2011 2 2 0.256 102.0%          237             38           772  926    
2011 3 All 4.661 16.3%      7,436       5,067       9,746  1,595 0.0126 1.678 120 

2011 3 1 0.980 38.6%          648           343       1,455  661    
2011 3 2 7.264 17.4%      6,788       4,304       9,054  935    
2011 4 All 5.196 34.9%      6,023       2,782     10,263  1,159 0.0122 1.644 145 

2011 4 1 6.724 42.2%      4,933       1,643       8,767  734    
2011 4 2 2.561 47.3%      1,090           592       2,472  425    
2011 5 All 0.155 53.0%          137             16           295  883 0.0122 1.644 145 

2011 5 1 0.243 64.8%          107               5           259  441    
2011 5 2 0.068 78.8%            30              -               66  441    
2012 All All 2.396 11.4%    21,052     16,369     25,736  8,785    
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Table 3 (continued) 

Year Zone Stratum Density CV Birds 
Lower 
95% CI 

Upper  
95% CI Area f(0) E(s) Truncation 

Distance (m) 

2012 1 All 2.414 20.7%      8,442       5,090     12,006  3,497 0.0109 1.847 164 

2012 1 1 7.166 24.4%      6,056       3,289       8,823  845    
2012 1 2 1.507 30.4%      1,799           812       2,892  1,194    
2012 1 3 0.402 48.1%          587           168       1,227  1,458    
2012 2 All 0.719 33.5%      1,186           564       2,360  1,650 0.0132 1.485 106 

2012 2 1 1.178 29.2%          853           325       1,289  724    
2012 2 2 0.360 89.9%          333              -         1,459  926    
2012 3 All 3.986 15.5%      6,359       4,136       8,058  1,595 0.0112 1.765 186 

2012 3 1 0.895 34.9%          591           227       1,042  661    
2012 3 2 6.172 15.9%      5,768       3,775       7,330  935    
2012 4 All 4.279 24.9%      4,960       3,414       8,011  1,159 0.0107 1.652 140 

2012 4 1 6.050 27.6%      4,439       2,916       7,497  734    
2012 4 2 1.225 39.6%          521           166           940  425    
2012 5 Not surveyed. Interpolated estimate used for All Zone calculation 
2013 All All 2.238 11.1%    19,662     15,398     23,927  8,785    
2013 1 All 1.257 27.9%      4,395       2,298       6,954  3,497 0.0109 1.695 137 

2013 1 1 2.379 31.4%      2,010           861       3,253  845    
2013 1 2 0.657 20.1%          784           508       1,124  1,194    
2013 1 3 1.097 64.4%      1,600           381       3,717  1,458    
2013 2 All 0.770 18.5%      1,271           950       1,858  1,650 0.0117 1.569 132 

2013 2 1 1.605 19.0%      1,163           854       1,722  724    
2013 2 2 0.117 59.3%          108              -             274  926    
2013 3 All 4.939 16.3%      7,880       5,450     10,361  1,595 0.0112 1.637 160 

2013 3 1 0.991 43.8%          655           151       1,226  661    
2013 3 2 7.731 17.8%  7,225       4,707       9,667  935    
2013 4 All 5.216 20.5%   6,046       4,531       9,282  1,159 0.0128 1.607 146 

2013 4 1 7.384 21.8%   5,418       3,939       8,516  734    
2013 4 2 1.477 36.7%   629           279       1,184  425    
2013 5 All 0.080 45.4%   71               5           118  883 0.0128 1.607 146 

2013 5 1 0.160 45.4%    71               5           118  441    
2013 5 2 0.000            - -             -                -    441    
2014 All All 2.425 9.1% 21,305 17,492 25,118 8,785    
2014 1 All 0.807 19.3% 2,822 1688 3,836 3,497 0.0102 1.664 172 
2014 1 1 1.258 26.7% 1,063 580 1,631 845    
2014 1 2 1.274 26.4% 1,521 570 2,176 1,194    
2014 1 3 0.163 69.6% 238 -             

533  
1,458    

2014 2 All 1.318 30.7% 2,176 1,038         3,574  1,650 0.0131 1.508 122 
2014 2 1 2.879 31.5% 2,086 925         3,466  724    
2014 2 2 0.098 65.6% 90 -             

214  
926    

2014 3 All 5.541 12.4% 8,841 6,819       11,276  1,595 0.0108 1.720 140 
2014 3 1 1.477 34.1% 976 286         1,587  661    
2014 3 2 8.415 13.1% 7,864 6,156       10,240  935    
2014 4 Not Surveyed.  Interpolated value used for All-Zone estimate 
2014 5 Not Surveyed.  Extrapolated value used for All-Zone estimate 
2015 All All 2.7473 

 
9.4% 24,100 19,100 28,600 8,785    

2015 1 All 1.227 22.8% 4,290  2,783 6,492 3,497  0.01111 1.786 191 
2015 1 1 2.218 33.5% 1,875  956 3,334 845     
2015 1 2 1.945 28.2% 2,321  1,250 3,683 1,194     
2015 1 3 0.064 91.7% 94   261, 1,458     
2015 2 All 1.941 30.4% 3,204  1,883  5,609  1,650  0.0093 1.866 175 
2015 2 1 2.849 27.9% 2,064  1,176  3,316  725     
2015 2 2 1.231 71.2% 1,140  144  3,290  926     
2015 3 Not Surveyed.  Average of 2014 and 2016 estimates used for 2015 All Zones estimate. 
2015 4 All 7.542 16.8% 8,743  7,409  13,125  1,159  0.01183 1.701 159 
2015 4 1 9.897 17.3% 7,262  5,906  10,692  734     
2015 4 2 3.480 48.9% 1,481  859  3,713  425     
2015 5 Not Surveyed.  Extrapolated value used for All Zones estimate. 
2016 All Zones 2 and 4 were not surveyed; therefore, do not have an All Zones estimate 
2016 1 All 1.319 30.0% 4,614 2,298 7,571 3,497 0.01121 1.675 224 
2016 1 1 2.693 36.6% 2,276 969 4,062 845    
2016 1 2 1.655 51.7% 1,975 617 4,075 1,194    
2016 1 3 0.249 37.7% 362 106 621 1,458    
2016 2 Not Surveyed 
2016 3 All 4.271 13.8% 6,813 5,389 8,821 1,595 0.01161 1.661 130 
2016 3 1 0.862 27.9% 570 346 944 661    
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Table 3 (continued) 

Year Zone Stratum Density CV Birds 
Lower 
95% CI 

Upper  
95% CI Area f(0) E(s) Truncation 

Distance (m) 

2016 3 2 6.681 14.8% 6,244 4,760 8,195 935    

2016 4 Not Surveyed 
2016 5 Not Surveyed 
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Table 4.  Summary of 2000 to 2016 marbled murrelet density and population size estimates at the State 

scale.  2016 estimates are not available at the State level. 

Year State 
Density 

(murrelets 
per km2) 

Murrelets 
Murrelets 
95% CL 
Lower 

Murrelets 
95% CL 
Upper 

Area (km2) 

2001 WA 2.01 10,453 7,057 13,849 5,188 
2002 WA 2.29 11,789 7,507 16,071 5,151 
2003 WA 2.42 12,467 8,906 16,028 5,149 
2004 WA 1.65 8,474 5,625 11,322 5,149 
2005 WA 2.05 10,533 7,179 13,887 5,148 
2006 WA 1.61 8,280 6,024 10,536 5,148 
2007 WA 1.85 9,520 5,946 13,095 5,148 
2008 WA 1.29 6,628 4,808 8,448 5,148 
2009 WA 1.34 6,886 4,486 9,285 5,148 
2010 WA 1.10 5,679 3,840 7,518 5,148 
2011 WA 1.63 8,376 5,802 10,950 5,148 
2012 WA 1.87 9,629 6,116 13,142 5,148 
2013 WA 1.10 5,665 3,217 8,114 5,148 
2014 WA 0.97 4,998 3,311 6,686 5,148 
2015 WA 1.46 7,494 3,667 11,320 5,148 

2000 OR 3.85 7,983 4,095 11,870 2,071 

2001 OR 4.43 9,168 5,935 12,402 2,071 
2002 OR 3.64 7,530 4,473 10,586 2,071 
2003 OR 3.56 7,380 4,547 10,213 2,075 
2004 OR 4.40 9,112 5,532 12,692 2,071 
2005 OR 3.36 6,966 4,589 9,344 2,071 
2006 OR 3.68 7,617 5,779 9,455 2,071 
2007 OR 2.59 5,357 3,009 7,704 2,071 
2008 OR 3.64 7,541 4,893 10,189 2,071 
2009 OR 3.58 7,423 4,454 10,393 2,071 
2010 OR 3.95 8,182 4,678 11,686 2,071 
2011 OR 4.05 8,379 2,209 14,550 2,071 
2012 OR 3.76 7,780 4,183 11,377 2,071 
2013 OR 4.74 9,819 6,158 13,480 2,071 
2014 OR 5.50 11,384 5,104 17,664 2,071 
2015 OR 5.29 10,975 2,276 19,674 2,071 

2000 CA 2.28 3,571 2,556 4,585 1,566 

2001 CA 1.31 2,051 1,030 3,073 1,566 
2002 CA 2.04 3,202 2,425 3,980 1,566 
2003 CA 1.91 2,985 2,392 3,579 1,569 
2004 CA 2.55 3,986 3,009 4,964 1,566 
2005 CA 1.73 2,710 2,106 3,313 1,566 
2006 CA 1.52 2,378 1,781 2,976 1,566 
2007 CA 1.56 2,440 1,709 3,170 1,566 
2008 CA 2.53 3,964 3,414 4,515 1,566 
2009 CA 1.88 2,952 2,148 3,755 1,566 
2010 CA 1.72 2,691 1,959 3,424 1,566 
2011 CA 3.33 5,217 4,155 6,279 1,566 
2012 CA 2.22 3,481 2,795 4,167 1,566 
2013 CA 2.67 4,178 3,561 4,795 1,566 
2014 CA 3.14 4,922 3,411 6,433 1,566 
2015 CA 3.62 5,666 3,970 7,362 1,566 
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Figure 1.  The five at-sea marbled murrelet conservation zones adjacent to the Northwest Forest Plan 

area.  Approximate inland breeding distribution is shaded (adapted from U.S. Fish and Wildlife Service 

1997). 
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Figure 2.  Trend results for units with population estimates through 2016:  average rate of annual 
change with 95 percent confidence intervals.  Refer to Table 1 for periods of analysis for each unit.  For 
guidance on interpretation of rates of change and confidence intervals, please refer to Falxa et al. 
(2016), and the excerpt from that report in the summary text above.  See Figure 3 for trend results for 
units which lack 2016 estimates. 
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Figure 3.  Trend results for units with population estimates through 2015 only:  average rate of annual 
change with 95 percent confidence.  Refer to Table 1 for periods of analysis for each unit.  For guidance 
on interpretation of rates of change and confidence intervals, please refer to Falxa et al. (2016), and the 
excerpt from that report in the summary text above. See Figure 2 for trend results for units for which we 
have 2016 population estimates. 
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Figure 4.  Results of trend analyses at All-Zones, Conservation Zones, and State scales.  Graphs show fitted regression lives through the annual 
population estimates for the period of analysis (through 2016 for Zones 1 and 3 only), with 95 percent confidence limits.  
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Oregon Department of Fish and Wildlife

4034 Fairview Industrial Drive

Salem, OR 97302





March 30, 2017



Re: Notification of Marbled Murrelet Status Review and Consultation Pursuant to ORS 496.176(4) and ORS 635-100-0105(10)



The Pacific Seabird Group recommends upgrading the status of the Marbled Murrelet from “Threatened” to “Endangered” based on extensive, on-going studies of the Oregon population of the Marbled Murrelet by our members. 



The Pacific Seabird Group (PSG) is an international, non-profit organization that was founded in 1972 to promote knowledge, study, and conservation of Pacific seabirds with a membership drawn from the entire Pacific basin, including Canada, Mexico, Russia, Japan, China, Australia, New Zealand, and the USA. Among PSG's members are biologists who have research interests in Pacific seabirds, government officials who manage seabird refuges and populations, and individuals who are interested in marine conservation. Over the years, PSG has been a leader in conservation, developing the monitoring protocols and convening a standing Marbled Murrelet Technical Committee. Collectively, the Group’s members have a great deal of knowledge and experience with respect to Marbled Murrelet conservation in the Pacific Region.  



The Oregon Fish and Wildlife Department evaluation of the status review of the Marbled Murrelet currently lists it as threatened under the Oregon Endangered Species Act of 1992. Since this listing, habitat loss and mortality at sea have further diminished the Oregon population, as they have to the neighboring populations. The species is currently listed as “Endangered” in Washington and California, and we believe the species merits this uplisting in Oregon based on the same criteria for reclassification.



In particular, logging old growth and older-aged forests, including known occupied sites, continues in Oregon and appears to be increasing in certain watersheds jeopardizing nesting habitat quantity and quality. The Oregon Department of Forestry and Department of State Lands formerly operated under a Habitat Conservation Plan for the 93,000 acre Elliott State Forest that provided a 50-year plan for forest recovery and maintenance of murrelet habitat. However, the State abandoned that plan, opting for logging in and around known occupied murrelet nesting sites. Logging in this Forest presents a significant loss of murrelet habitat, so we applaud the cessation of logging on the Benson Ridge and other sold sales in December 2016.



Existing state and federal regulations are currently inadequate to protect the species, especially on private and state lands in Oregon. The level of habitat loss on state lands in Oregon would not have been so high if the species had been listed as “Endangered,” which is warranted now with this action. Similar land management practices in suitable habitat in adjoining states have led to severe population losses, and the Marbled Murrelet has the likelihood of extinction throughout a significant portion of its range if changes are not made immediately in Oregon. The documented decline of the Marbled Murrelet in Oregon since its state listing as “Threatened” demonstrates that the species is not receiving the protections it needs. Because Marbled Murrelet nests are dispersed and difficult to locate in mature coastal forests, most research on overall abundance and reproductive output is conducted at sea, where the birds are more easily seen and concentrated within a few kilometers of shore on the open coast (Miller et al. 2006). Standardized boat transects to survey murrelets on the central Oregon coast produced evidence of a sharp decline in numbers from 1992 to 1999 after federal listing of the Marbled Murrelet (Strong 2003). 



The population monitoring component of the Northwest Forest Plan formalized and standardized at-sea surveys for murrelets on the west coast beginning in 2000. From 2000 to 2010, the plan documented a continuing decline in murrelet numbers in Oregon (Miller et al 2012). Loss of nesting habitat has continued due to wildfire and timber harvest (Falxa and Raphael 2016). Research from the Northwest Forest Plan demonstrated an extremely close relationship between that high quality nesting habitat and nearby abundance at-sea (Raphael et al 2015). PSG feels that additional protections afforded by an Oregon Endangered Species listing is the best means of slowing or reversing the decline in the Marbled Murrelet population in Oregon.



Thank you for your consideration.





Mark J. Rauzon

Vice-Chair for Conservation
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Oregon Department of Fish and Wildlife 
4034 Fairview Industrial Drive 
Salem, OR 97302 

March 30, 2017 

Re: Notification of Marbled Murrelet Status Review and Consultation Pursuant to ORS 
496.176(4) and ORS 635-100-0105(10) 

The Pacific Seabird Group recommends upgrading the status of the Marbled Murrelet from 
“Threatened” to “Endangered” based on extensive, on-going studies of the Oregon population of the 
Marbled Murrelet by our members.  

The Pacific Seabird Group (PSG) is an international, non-profit organization that was founded in 
1972 to promote knowledge, study, and conservation of Pacific seabirds with a membership drawn 
from the entire Pacific basin, including Canada, Mexico, Russia, Japan, China, Australia, New 
Zealand, and the USA. Among PSG's members are biologists who have research interests in Pacific 
seabirds, government officials who manage seabird refuges and populations, and individuals who 
are interested in marine conservation. Over the years, PSG has been a leader in conservation, 
developing the monitoring protocols and convening a standing Marbled Murrelet Technical 
Committee. Collectively, the Group’s members have a great deal of knowledge and experience with 
respect to Marbled Murrelet conservation in the Pacific Region.   

The Oregon Fish and Wildlife Department evaluation of the status review of the Marbled Murrelet 
currently lists it as threatened under the Oregon Endangered Species Act of 1992. Since this listing, 
habitat loss and mortality at sea have further diminished the Oregon population, as they have to the 
neighboring populations. The species is currently listed as “Endangered” in Washington and 
California, and we believe the species merits this uplisting in Oregon based on the same criteria for 
reclassification. 

In particular, logging old growth and older-aged forests, including known occupied sites, continues 
in Oregon and appears to be increasing in certain watersheds jeopardizing nesting habitat quantity 
and quality. The Oregon Department of Forestry and Department of State Lands formerly operated 
under a Habitat Conservation Plan for the 93,000 acre Elliott State Forest that provided a 50-year 
plan for forest recovery and maintenance of murrelet habitat. However, the State abandoned that 
plan, opting for logging in and around known occupied murrelet nesting sites. Logging in this 
Forest presents a significant loss of murrelet habitat, so we applaud the cessation of logging on the 
Benson Ridge and other sold sales in December 2016. 

Existing state and federal regulations are currently inadequate to protect the species, especially on 
private and state lands in Oregon. The level of habitat loss on state lands in Oregon would not have 
been so high if the species had been listed as “Endangered,” which is warranted now with this 
action. Similar land management practices in suitable habitat in adjoining states have led to severe 
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population losses, and the Marbled Murrelet has the likelihood of extinction throughout a 
significant portion of its range if changes are not made immediately in Oregon. The documented 
decline of the Marbled Murrelet in Oregon since its state listing as “Threatened” demonstrates that 
the species is not receiving the protections it needs. Because Marbled Murrelet nests are dispersed 
and difficult to locate in mature coastal forests, most research on overall abundance and 
reproductive output is conducted at sea, where the birds are more easily seen and concentrated 
within a few kilometers of shore on the open coast (Miller et al. 2006). Standardized boat transects 
to survey murrelets on the central Oregon coast produced evidence of a sharp decline in numbers 
from 1992 to 1999 after federal listing of the Marbled Murrelet (Strong 2003).  

The population monitoring component of the Northwest Forest Plan formalized and standardized at-
sea surveys for murrelets on the west coast beginning in 2000. From 2000 to 2010, the plan 
documented a continuing decline in murrelet numbers in Oregon (Miller et al 2012). Loss of nesting 
habitat has continued due to wildfire and timber harvest (Falxa and Raphael 2016). Research from 
the Northwest Forest Plan demonstrated an extremely close relationship between that high quality 
nesting habitat and nearby abundance at-sea (Raphael et al 2015). PSG feels that additional 
protections afforded by an Oregon Endangered Species listing is the best means of slowing or 
reversing the decline in the Marbled Murrelet population in Oregon. 

Thank you for your consideration. 

Mark J. Rauzon 
Vice-Chair for Conservation 
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WESTERN SUSTAINABLE FORESTRY PROGRAM 


P.O.  Box 1259 
Anacortes, WA  98221 


(360) 293-4748  
Fax: (360) 293-8335 


March 31, 2017 


Summary of information on Oregon Department of Fish and Wildlife’s state listing status review 


for marbled murrelet. 


Prepared by Craig Loehle and Jake Verschuyl 


Re: Request for information in support of the ODFW state listing review for marbled murrelet.  


To Whom It May Concern: 


The National Council for Air and Stream Improvement, Inc. (NCASI) is a non-profit 


organization that serves the forest products industry as a center of excellence for providing 


technical information and scientific research needed to achieve the industry’s environmental 


goals and principles.  NCASI (http://www.ncasi.org) has a long history of research investigating 


habitat relationships of forest-associated species and has collaborated with state and federal 


agencies, universities, and others on studies investigating large ungulates and other mammals in 


managed forests.  Because NCASI is interested in developing cost-effective measures for 


conserving species such as the marbled murrelet, we offer the following literature summary 


related to the population of this species in Oregon. 


  


Summary  


 


Marbled murrelet population trends derived from at-sea monitoring efforts suggest 


populations in zones 2-5 are not declining. Zone 4, spanning the S. Oregon and N. California 


coasts, recorded an increase in population from 2001-2015 of 3.0% annually (unpublished data 


USFWS).  New literature (Lorenz et al. 2017 encl.) suggests that greater distances of at-sea 


movement in near-coastal Washington may be indicative of poor foraging resources in recovery 


Zone 1.  Marbled murrelet population trends derived from at-sea monitoring efforts in zone 1 


may partially reflect movement of individuals to and from Canada.  This is best evidenced by 


highly volatile population numbers from year to year, especially in zone 1.  In considering 


nesting habitat, Maxent models are based on highly unreliable gradient-nearest-neighbor (GNN) 


spatial data.  Given this, the large number of variables in the models, and the small set of training 


data, the high AUC values may be over-estimating habitat model goodness.  This conjecture is 


supported by low correlation over time in nesting habitat area and murrelet trends.   


 


2. Population Trends 
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The only portion of the at-seam monitoring effort associated with the NWFP reporting 


population decline is zone 1 (Puget Sound and the strait of San Juan de Fuca).  However, the 


populations in zone 1 are located in waters between the US and Canada.  It is likely (M. Raphael, 


pers. communication, 2016) that large fluctuations in this zone are being caused by movements 


of foraging birds to and from Canada where attempts to quantify nesting habitat trends have not 


been completed.  For example, the population in zone 1 went from 4,393 in 2010 to 7,187 in 


2011, a 64% increase.  This rate of increase is simply impossible for a species that lays one egg 


per year with many non-breeders, and less than 100% nest success.  If large fluctuations in zone 


1 are not due to habitat on land but perhaps to forage fish shifts in space, then zone 1 trends are 


not representative.  To test this, we extracted data from Falxa, Lynch et al. (2016).  Data could 


only be used up to 2013 because zones 3 and 4 were not both measured after that.  Zone 5 has 


comparatively low populations size and was not sampled every year.  The plot for zones 2-4 


combined shows much lower variability than individual zone plots.  The trend (Fig.1) is not 


different from zero (-0.0019% of the intercept in year 1).  Thus, the downward trend in zone 1 is 


the cause of perceived population declines for murrelets as a whole, but this trend is likely 


affected by ocean conditions causing Canadian birds to come and go in an irregular fashion. 


 


2. Nesting Habitat Models  


 


A critical habitat feature for management of murrelets is the identification of nesting habitat 


and ascertaining the extent to which it is limiting.  For this purpose, habitat suitability models for 


nesting areas were developed (Falxa and Raphael 2016) as part of the Northwest Forest Plan 


review.  The underlying spatial data and habitat models for murrelet nesting are not sufficiently 


reliable for their intended purposes.   


 


The underlying spatial data were constructed as part of a larger effort.  Wall-to-wall satellite 


data were calibrated using a GNN algorithm based on FIA plots.  Variables were derived such as 


conifer canopy cover.  The first problem, previously documented by Loehle et al. (2015) and 


Loehle and Irwin (2015), is that ground truthing of the GNN data gives less than inspiring 


results.  For example, for the 11 variables used for murrelet nesting models, only 9, 9, 3, and 1 


had a correlation >0.70 (barely adequate) for WA Coast Range and Cascades, OR Coast Range, 


OR & CA Klamath, and CA Coast Range, respectively.  A more reassuring correlation of >0.80 


was achieved by 0, 2, 0, and 0, for these same regions.  Most statistical techniques assume that 


error in the independent variables is small enough to be ignored.  However, with this degree of 


uncertainty in the underlying independent GNN variables, it is unclear that any reliable results 


can be obtained.  This effort ignores this fundamental statistical issue.   


 


The GNN data were used to derive a Maxent habitat model based on nest site and occurrence 


data.  The latter reflect cases where the exact nest site could not be located.  Based on visual 


counts from Fig. 2-2 in Falxa and Raphael (2016), there are approximately 80, 70, and 80 sites in 


WA, OR and CA, respectively.  Since some of these sites fall virtually on top of others, perhaps 


representing birds nesting in adjacent trees (though distance is impossible to judge from the 


map), the number of independent sites may be less.  With the addition of three climate variables 


to the GNN set, 15 variables are used to derive the model.  This represents only 4.7 to 5.3 sample 


points per variable (or less) or a very much reduced number of degrees of freedom.  Loehle et al. 
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(2015) and Loehle and Irwin (2015), when assessing very similar models for the northern spotted 


owl (Strix occidentalis caurina), concluded that models developed like this are dubious and not 


suitable for management purposes.  With this confounding and small sample size, the high AUC 


values are not a guarantee of accuracy.  This issue is further exemplified by the review of 


murrelet nesting success (Plissner et al. 2015, p. 51) which indicated that variables used in the 


Maxent models were often not predictive of nesting success and furthermore that various studies 


gave conflicting results for other variables.   


 


In Table 3-3 in Falxa and Raphael (2016), temporal correlations with oceanic and nesting 


habitat (from Maxent) are shown.  Zone 1 is low at 0.35, Zone 2 is good, but Zones 3-5 are 


essentially zero.  This could occur if nesting habitat was not changing over time, but one of the 


claims is that murrelet nesting habitat decline is the cause of their population decline.  This result 


does not support that proposition for 4 of 5 zones.   


 


In a recent analysis (Nelson et al., in review) tree-climbing data from known occupied stands 


was used to assess nest site selection of MAMUs at three spatial scales: platform; tree; and patch 


(0.2 ha).  All three branch/platform scale covariates positively predicted nest occupancy with 


higher probabilities of nesting occurring at branches/platforms with higher horizontal cover, 


larger platform diameters, and higher moss cover.  Tree scale characteristics associated with 


higher probabilities of nesting included higher platform counts and higher moss depth.  The 


effect of tree dbh on probability of nesting was unclear.  At the patch scale, lower probability of 


nesting occurred for stands with higher densities of trees with platforms, suggesting there may be 


behavioral limitations for marbled murrelets using adjacent available habitat (predator avoidance 


for example).  Variation in tree size and canopy cover were not likely to be driving nest selection 


at the patch scale (Nelson et al., in review.).  All three branch/platform scale covariates 


positively predicted nest occupancy with higher probabilities of nesting occurring at 


branches/platforms with higher horizontal riving nest selection at the patch scale. 


 


3. Cause of Declines 
 


The primary thrust of conservation efforts has focused on preventing loss of old forest.  


While some loss of old forest has continued, the rate is much less than the rate of decline of 


murrelets.  Further, any robust quantification of habitat change should also include habitat 


recruitment during the same period.  Despite reported habitat loss, there is no decline of 


murrelets across zones 2-4, and even increases in zone 4.  Given the number of pre-harvest 


surveys conducted with no presence of murrelets, we can assume that not all nesting habitat is 


occupied.  If that is the case, we must logically infer that across most, nesting habitat is not 


limiting in many areas, and the claim that declines in nesting habitat is driving contemporary 


changes in population estimates derived from at-sea monitoring cannot be supported.  The 


previous section noted the poor correlation of change in modeled nesting habitat area vs. change 


in at-sea monitoring murrelet population estimates, which supports this point.  It has also been 


suggested that prey type and abundance declines may be a contributor to murrelet decline.  Falxa 


and Raphael (2016, Fig. 3-7) show, for example, that over the years 2003-2011 for limited 


sections of coastline in OR & WA, changes in relative abundance of foraging murrelets closely 


tracked foraging fish declines.   
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An evaluation of poor murrelet reproduction in central California suggested that reproduction 


was limited by food availability in some years and high nest predation in others; in addition, nest 


site availability was not a limiting factor (Peery et al. 2004).  Other studies suggested availability 


of high quality marine foraging habitat and forage fish affects murrelet breeding success and 


population growth (Peery et al. 2004, Becker and Beissinger 2006, Becker et al. 2007, Norris et 


al. 2007).  Murrelet diet quality has been recently studied to ascertain its effect on reproductive 


success.  Becker and Beissinger (2006) and Norris et al. (2007) found that with a decrease in 


prey resources, murrelets fed on mid- to lower trophic level prey species, and suggested that this 


“feeding further down” on the food web may be partly responsible for poor murrelet 


reproduction.  Becker et al. (2007) documented that cooler local ocean temperatures increased 


krill and juvenile rockfish availability to murrelets, thereby improving reproductive success.  


Sometimes, explanations for low reproductive success are not so obvious, as Barbaree et al. 


(2014) documented a low reproductive success despite plenty of nesting habitat and excellent 


foraging.  Lorenz et al. (2017) describes marbled murrelets moving much greater distances 


(foraging movements) in coastal Washington State than has been shown in more northerly 


portions of their range. Marine habitat use was related to factors that may be correlated with prey 


abundance, such as lower surface water temperature and higher level of chlorophyll-a. 


 


As noted by Raphael et al. (2016), “[o]ne would expect a long-lived species like the murrelet 


to exhibit a lag in population response to declining habitat”. In other words, any trend in 


population (up or down) influenced by terrestrial habitat, would logically be in response to 


earlier trends in nesting habitat and reproductive success, not current conditions, with the 


majority of murrelet population persisting at sea. Thus, while contemporary trends in terrestrial 


nesting habitat may appear to be correlated to murrelet population trends in in some regions, 


causation is not apparent, and the lack of a temporal delay may suggest the need for caution with 


this interpretation. 


 


As of the 2012 estimate, about 60% of all higher quality potential nesting habitat occurred 


within designated reserves on federal lands. This figure is expected to increase going forward as 


forests age.  Falxa and Raphael (2016) state “[t]he large amount of younger forest of lower 


suitability located in reserves has the potential to offset habitat losses over time”, cautioning that 


this should be verified by future investigation. The authors also note “[a]s evidenced by the high 


proportion of currently suitable nesting habitat that occurs within reserved land use designations, 


the NWFP has been successful in conserving murrelet habitat on federal lands”. While not 


quantified here, it stands to reason that non-federal lands may also play an increasing role in 


providing terrestrial nesting areas as forests mature. 


 


4. Conclusions 
 


Based on available data, terrestrial habitat does not appear to be limiting murrelets. Only the 


zone 1 (Puget Sound) population shows declines in relative abundance, but high variability in 


population estimates for zone 1 suggest that it is not a closed population.  The total population in 


zones 2-4 shows no downward trend, with zone 4 showing an increase of 3% per year as of 2015.  


There is no reason to believe murrelet habitat is limiting or in decline in coastal Oregon.  Further, 


the link between habitat acreage and contemporary population trend information is weak.   
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Figure 1.  Trend for zones 2-4.  Slope is not different from zero (-0.0019%/yr based on 


intercept of linear fit). Data from Falxa, Lynch et al. (2016). 
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RESEARCHARTICLE


Marine Habitat Selection by Marbled
Murrelets (Brachyramphus marmoratus)
during the Breeding Season
Teresa J. Lorenz*, MartinG. Raphael, ThomasD. Bloxton, Jr.


United States Departmentof Agriculture, Forest Service, Pacific NorthwestResearch Station, Olympia,
Washington, United States of America


* tlorenz@fs.fed.us


Abstract
Themarbled murrelet (Brachyramphusmarmoratus) is a declining seabird that is well-
known for nesting in coastal old-growth forests in the Pacific Northwest.Most studies of


habitat selection have focused on modeling terrestrial nesting habitat even thoughmarine


habitat is believed to be a major contributor to population declines in some regions. To


address this information gap, we conducted a 5-year study of marine resource selection by


murrelets in Washington, which contains a population experiencing the steepest docu-


mented declines and where marine habitat is believed to be compromised. Across five


years we tracked 157 radio-taggedmurrelets during the breeding season (May to August),


and used discrete choice models to examine habitat selection. Using an information theo-


retic approach, our global model had the most support, suggesting that murrelet resource


selection at-sea is affected by many factors, both terrestrial and marine. Locations with


higher amounts of nesting habitat (β = 21.49,P < 0.001) that were closer to shore (β =
-0.0007, P < 0.001) and in cool waters (β = -0.2026,P < 0.001) with low footprint (β =
-0.0087,P < 0.001) had higher probabilities of use. While past conservation efforts have
focused on protecting terrestrial nesting habitat, we echomany past studies calling for


future efforts to protect marine habitat for murrelets, as the current emphasis on terrestrial


habitat alonemay be insufficient for conserving populations. In particular, marine areas in


close proximity to old-growth nesting habitat appear important for murrelets during the


breeding season and should be priorities for protection.


Introduction
The marbled murrelet (Brachyramphus marmoratus) is a federally threatened seabird that
requires two fundamentally different habitats for breeding. Foraging occurs at sea because
murrelets are pursuit-diving seabirds whose primary prey are small schooling fish and large
zooplankton. However, coastal, old-growth coniferous forests are used for nesting in much of
their range. Like many Alcids, marbled murrelets do not build nests and instead rely on
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naturally deposited materials for a nest platform. Unlike other alcids, however, in the marbled
murrelet a single egg is typically laid directly on a large, mossy limb in the forest canopy. In
most cases, only large, old trees have limbs of sufficient diameter for these unusual nests.


The first management efforts with marbled murrelets recognized their need for large trees.
They also acknowledged that >100 years of logging in coastal forests from British Columbia to
California had drastically reduced the amount of murrelet breeding habitat [1]. In the North-
west Forest Plan [2], measures were taken to protect unharvested, late-successional, and old-
growth forests on Federal lands in Washington, Oregon, and California. Unfortunately, despite
these conservation efforts decades ago, multiple studies have reported continued population
declines [3–5]. There has been much discussion in the scientific literature about whether these
declines are due to losses in nesting habitat that have continued on private lands and/or
changes to marine habitat. Raphael et al. [6] documented an 8–33% decline in potential nesting
habitat on private lands from Washington to California which corresponds with murrelet pop-
ulation declines during that same time period [4]. Nest habitat losses were greatest in Washing-
ton State, which is where Miller et al. [4] and Falxa and Raphael [5] reported the steepest
declines in murrelet numbers. Additionally, marine conditions have also changed in the last
century and since the Northwest Forest Plan. Marine factors that have been identified as poten-
tial threats to murrelets include overfishing, pollution, unattended fishing gear, human popula-
tion growth (and associated disturbance), and more recently, climate change [1]. In the
southern portion of their range, Peery et al. [7] examined the relative influence of nesting habi-
tat on reproduction in a declining California population and concluded that marine food and
nest predation, rather than availability of nesting habitat, were responsible for the low repro-
ductive output of the population. Studies using stable isotopes have indicated that murrelets
are foraging on lower trophic levels than historically, and this has contributed to low produc-
tivity and population declines [8–10].


Overall, the conservation of marbled murrelets may hinge on protecting not only nesting
habitat–the focus of conservation efforts to date–but also on foraging habitat. In an effort to
better understand important marine habitats for marbled murrelets, we conducted a study of
marine habitat selection by individually-tagged murrelets. Studies of habitat selection by indi-
vidually tagged animals are important for examining habitat selection for conservation plan-
ning [11]. Our objective was to model marine habitat selection by marbled murrelets during
the breeding season to better understand the relative influence of marine versus terrestrial hab-
itat features on murrelet space use while at-sea. We conducted this study in northwestern
Washington, the location of the steepest murrelet declines documented to date.


Materials andMethods


Statement
All handling and tagging of marbled murrelets was in accordance with the U.S. Fish and Wild-
life Service Endangered Species 10a1a permit (Permit #TE-070589-2) and in compliance with
the Ornithological Council Guidelines for the Use of Wild Birds in Research [12]. Scientific
Collection Permits were obtained annually from Washington Department of Fish and Wildlife,
and a Federal Bird Banding Permit was obtained from the U.S. Geological Survey, Bird Band-
ing Lab. Field studies involved handling a federally threatened seabird, and consequently all
sampling and handling procedures were approved by a U.S. Fish and Wildlife Service Endan-
gered Species 10a1a permit prior to the start of our study, as noted above. Permissions to access
field sites were provided by United States (U.S.) Forest Service, U.S. Park Service, Washington
Department of Fish and Wildlife, Washington Department of Natural Resources, Washington
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State Parks, and British Colombia Ministry of Forests, Lands, and Natural Resource
Operations.


Field methods
We conducted this study in northwestern Washington State (approximately 47° 480 N, 123° 400


W) and southwestern British Columbia (approximately 48° 240 N, 123° 400 W) (Fig 1). We
were logistically constrained to capturing birds in U.S. waters, although we radio-tracked
murrelets in both U.S. and Canadian waters. We used standard techniques to capture murrelets
at-sea, which involved locating birds at night from small boats using night-lighting and captur-
ing them in long-handled dipnets [13]. We captured and tagged murrelets from April to July,
2004–2008. With the exception of a few individuals that were released without transmitters


Fig 1. Study area used to examine resource selectionby marbledmurrelets in northwesternWashington and southwesternBritishColumbia,
2004–2008. Themarine 99% population-level kernel (fromall radio-tracked murrelets) is depicted in yellow to green tones, where darker shading indicates
areas with a high probability of use and lighter yellow shading areas with a low probability of use by the population of taggedmurrelets. Black dots represent
5,388marine telemetry locations from all murrelets tracked in this study.


doi:10.1371/journal.pone.0162670.g001
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because of concerns over handling stress, all birds were fit with a VHF transmitter (1.5% of
body weight; Advanced Telemetry Systems, Isanti, MN) using a subcutaneous anchor following
Newman et al. (1999) [14]. Unlike Newman et al. [13] however, we did not use anesthesia or
sutures. Murrelets were released at the site of capture within 1 hour.


We located radio-tagged murrelets using aerial tracking from fixed wing aircraft. We initi-
ated searches within three days after the first murrelet was tagged in each year. We ended
searches after the last known nest had fledged or failed and when significant numbers of trans-
mitters were no longer detectable within our study area, indicating post-breeding dispersal or
transmitter battery failure. Weather permitting, we conducted tracking flights daily. Tracking
flights lasted for up to ~5 hours until either all birds had been located or the aircraft needed
refueling. Aerial searches focused on marine areas, but also included terrestrial areas to locate
nest sites of breeding murrelets. If an individual murrelet was not located at-sea or on an inland
nest for ~2–3 consecutive days, we expanded our search area to find the missing bird and gen-
erally focused on areas beyond the location that the missing murrelet was last detected.


When a murrelet’s radio signal was detected from the air, pilots circled over the transmitter
and used a GPS unit to mark the location from which they heard the loudest radio signal. Tests
with stationary transmitters indicated that location accuracy from aircraft was 385 m on aver-
age (SD = 230, range 93–685 m). We omitted all telemetry locations obtained at night (defined
by civil twilight on each day) because past research indicates murrelets do not actively feed at
night [15] and we were primarily interested in habitat selection by active and foraging
murrelets.


Habitat data
Based on a review of the literature and our own observations, we considered 12 habitat vari-
ables influential in marine space use (Table 1). Marbled murrelets forage on a variety of inver-
tebrate and vertebrate prey including sand lance (Ammodytes hexapterus), anchovy (Engraulis
mordax), herring (Chulpea harengus), smelt (Osmeridae), surfperch (Cymatogaster aggregate),
juvenile rockfish (Scorpaenidae), and krill (Euphausiids) [16]. Spatially explicit information on
the distribution of these prey were not available for our area, but remotely sensed marine con-
ditions are often associated with the distribution of fish and krill ([16–21]; but see [22–23]). In
past studies, fish distributions have been associated with remotely sensed sea surface tempera-
ture (SST; cooler temperatures generally favor increased prey; e.g., Emmett et al. [19]) and
chlorophyll-a concentrations (higher levels generally associated with higher prey; e.g., Peterson
et al. [20]). We obtained satellite derived data on SST and chlorophyll-a for each month and
year of our study from the National Oceanic and Atmospheric Administration [24]. We
obtained data on diffuse attenuation as an estimate of water turbidity, which can affect murre-
let [25] and fish abundance [27]. These remotely sensed data were obtained from Aqua
MODIS (Moderate Resolution Imaging Spectroradiometer) at a resolution of 1 km (SST and
chlorophyll-a) and 4 km (diffuse attenuation). We considered the effect of both current- and
previous-month SST and chlorophyll-a on murrelet space use to account for possible time-lags
between these factors and responses of the murrelet’s prey.


We measured the linear distance from each telemetry relocation to the shore. We also mea-
sured water depth (bathymetry) at each relocation point because murrelets are thought to for-
age in shallow water [26]. Human activity can affect marbled murrelet space use at-sea [27–28]
and we therefore included indices of marine and terrestrial human footprint for our study area.
The marine footprint was obtained from Halpern et al. [29] and the terrestrial footprint from
Sanderson et al. [30]. The marine footprint combined 17 factors ranging from fishing activity,
pollution, and shipping traffic [29]. The terrestrial footprint considered three main factors:
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human population density, light pollution, and transportation infrastructure (including roads,
railways, coastlines, and rivers) [30]. Both datasets were calculated at ~1 km resolution and
classified the marine or terrestrial landscape on a scale of 0–100 in the relative influence of
human activity.


We included a categorical variable for the average relative wind speed (or “windiness”)
because murrelets may preferentially foraged in areas of calm water [31]. We obtained spatial
data on estimated wind energy potential (i.e., Wind Power Class) at 500 m resolution from the
National Renewable Energy Laboratory [32] and used this as a proxy for the relative wind
speed on waters within our study area. Based on this dataset [32] we classified windiness within
our study area as a dichotomous variable (high or low) where high winds were associated with
areas with a Wind Power Class�3 (areas suitable for wind energy development, with annual
average wind speed at heights of 50 m> 6.4–7.0 m/s) and low winds in areas with a Wind
Power Class<3 (areas unsuitable for wind energy development, with annual average wind
speed at heights of 50 m< 6.4–7.0 m/s) [32].


Sand lance (Ammodytes hexapterus) are considered one important prey of breeding marbled
murrelets ([16], and references therein; [33]). They are associated with fine gravel or sandy-
bottomed coastal waters and thus marbled murrelets may select sandy bottomed areas over
rock or other substrates. We could find no spatial data on bottom types for our study area and
so we used the nearest shoreline type as a proxy [34–35]. We obtained spatial data on shoreline
composition from the National Oceanic and Atmospheric Administration for U.S. shorelines
[36] and British Columbia Ministry of Forests, Lands and Natural Resource Management for
Canadian shorelines. We then classified the entire shoreline of our study area into two classes,


Table 1. Description of parameters considered for examiningmarine habitat selectionby marbledmurrelets in northwesternWashington, USA,
2004–2008.


Parameter Description Source Examples of previous research that has
suggested or found parameter to be
influential1


Shoredist Distance to shore (m) Washington Departmentof Natural
Resources


Ralph et al. [55], Day et al. [25], Raphael et al.
[26], and others


Depth Water depth (bathymetry; m) U.S. Geological Survey Barrett [35], Ralph et al. [55], Day et al. [25], and
others


PreviousSST Previous month sea surface
temperature (C)


NOAA 2007 Raphael et al. [26]


CurrentSST Currentmonth sea surface temperature
(C)


NOAA 2007 Becker and Beissinger [41], Day et al. [25],
Barrett [35], and others


PreviousChlor Previous month chlorophyll-a (mg/m3) NOAA 2007 Raphael et al. [26]


CurrentChlor Currentmonth chlorophyll-a (mg/m3) NOAA 2007 Miller et al. [37], Raphael et al. [26], and others


Turbidity Diffuse attenuation (0.1 m) NOAA 2007 Day et al. [25], Renner et al. [21]


Marinefoot Marine human footprint (scale of 0–100) Halpern et al. 2015 Speckman et al. [27], Bellefleur et al. [28],
Raphael et al. [29]


Terrestialfoot Terrestrial human footprint (scale of
0–100)


Sanderson et al. 2002 Raphael et al. [26]


Wind Wind Power Class (categorical variable:
low or high)


NREL 2012 Sealy [31]


Shoretype Shoreline composition (categorical
variable: sand/gravel beach or other)


NOAA 2002 and BCMinistry of Forests,
Lands and Natural ResourceManagement


Yen et al. [34], Barrett [35]


Nesthabitat Proportion of area within 43 km
classified as nesting habitat


Raphael et al. 2011, 2014 Miller et al. [37], Becker and Beissinger [41], and
others


1Literature citations are provided as examples of studies that have found variables influential in marbledmurrelet ecology; the list is not meant to be


exhaustive or all-inclusive.


doi:10.1371/journal.pone.0162670.t001
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“sand/gravel beach” and “other” shoreline. Our class for “sand/gravel beach” included sand
and mixed- gravel beaches. Our class for “other” included shores classified as rock shoreline
(cliff to level, rocky shores), human structures, and vegetated, tidal wetlands.


The availability and proximity of potential nesting habitat has been implicated as an impor-
tant factor affecting the marine density of murrelets in multiple studies [26, 37]. We estimated
the proportion of nesting habitat within a 5806-km2 circular area centered on each telemetry
location, equal in radius to the mean distance traveled to sea for breeding murrelets in our
study. We obtained spatial data on suitable nesting habitat for our study area from Raphael
et al. [6, 26]. For the U.S. portion of our study area, Raphael et al. [6] defined nesting habitat
primarily using LandTrendr data (Landsat-based detection of Trends in Disturbance and
Recovery methods) [38] and Gradient Nearest Neighbor (GNN) models [39]. For the Canadian
portion of our study, nesting habitat was defined based on areas classified as Old Growth Man-
agement areas by the Ministry of Forests, Lands, and Natural Resources [40]. While this dataset
does not explicitly model nest habitat for murrelets, it was the most recent and comprehensive
layer for potential nesting habitat that we were able to obtain, and has been used in other publi-
cations modeling murrelet nesting habitat availability [26].


We did not consider distance to nest site as a factor [41–42] because only a few radio-tagged
murrelets in our study were confirmed breeders with known nest sites. However, by including
the proportion of nesting habitat as a factor, we assumed that the effect of nest site proximity
and availability was adequately accounted for in our analysis. Also, we did not differentiate
between breeders and nonbreeders in our analysis because few murrelets bred (13%). Because
murrelets commonly visit nesting habitat even when not actively breeding [43–44] we did not
exclude proportion of nesting habitat from our analysis for non-breeders. We expected that
availability of nesting habitat had the potential to influence murrelet marine space use regard-
less of breeding status. We did not differentiate between males and females in our analysis
because past studies have found that marine movements and space use do not vary by sex [42,
45], which is supported by observations of murrelets associating as pairs while at-sea during
the breeding season [46]. We did not consider some factors that had poor support in past stud-
ies and which exploratory analyses indicated were not influential in our study, including dis-
tance to nearest river [26, 35], distance to kelp beds [47–48], and underwater slope [35].


Defining availability
Ocean conditions were in a continual state of flux during our study and therefore we used dis-
crete choice models to examine resource selection by marbled murrelets. Discrete choice mod-
els are appropriate for dynamic systems in which availability changes because used resources
are compared only to available resources within a “choice set” that is unique to each used loca-
tion. In other words, availability is defined separately for each used resource unit and therefore
more accurately reflects spatial and temporal variability in resources. Thus, we were able to
examine selection for marine resources even as ocean conditions changed over the months and
years of our study.


We defined availability using a circular buffer centered on each used point equal to 46-km
radius, which represented the 95th percentile of daily step lengths by all murrelets in our study.
Within these circular buffers, we further restricted availability to marine areas (we excluded
land and freshwater lakes) that occurred within the 99% population fixed kernel utilization dis-
tribution estimated from Geospatial Modeling Environment software [49]. Most of the areas
excluded by using this restricted definition of availability were far-offshore (e.g.,>20 km). All
research to date indicates that such pelagic environments are rarely or never used by marbled
murrelets [50–51] (and murrelets were not detected>10.9 km offshore in the course of our
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study) and we assumed that including them as available habitat would bias our estimates of
resource selection.


To represent availability, we generated 5 random points within each circular buffer follow-
ing recommendations by Baasch et al. [52]. We then used ArcGIS 10 (Environmental Systems
Research Institute, Inc., Redlands, CA) to extract remotely sensed habitat data for each used
and available point within a choice set. Because of the relatively low spatial resolution of some
raster data layers and error associated with telemetry locations obtained from the air, we also
considered using error polygons around telemetry locations to characterize habitats. For error
polygons, we averaged habitat characteristics within different sized error polygons centered on
each used location. We compared habitat composition between telemetry relocation point data
(e.g., 0-m radius buffer) and then 500-m radius buffers, 1000-m radius buffers, 1500-m radius
buffers centered around telemetry relocation points. When determining habitat attributes
within buffers of 500- to 1500-m radius, we averaged habitat attributes for all grid cells con-
tained within the buffer area. We observed high correlations among each of those four datasets
for all habitat factors that we compared (r> 0.95). For simplicity, we therefore used habitats
characteristics estimated from point data in our analysis.


Analysis
We used an information-theoretic approach [53] to develop candidate models explaining
murrelet marine habitat selection. We built a set of a priori models based on published litera-
ture and our own observations of murrelet marine space use. Prior to building models, we first
considered whether some variables were better modeled by quadratic rather than linear effects
[54]. Based on the ecology of the marbled murrelet, factors that we thought may be better mod-
eled using a quadratic term were sea surface temperature, chlorophyll-a, and turbidity [25, 35].
To determine whether these factors should be included as quadratics, we compared AICc val-
ues for univariate models, first considering a model with only the linear term and then only the
quadratic term for each of those three factors. We selected the associated form of the covariate
from the model with the lowest AICc (either linear or quadratic) and included it in further
analysis. For all other factors, we did not consider a quadratic relationship; prior research indi-
cated that murrelets should select areas with low human footprint and high amounts of nesting
habitat that were close to shore and in shallow waters [26, 27, 55]. We also considered a ran-
dom effect for each individual bird to account for repeated observations and varying sample
sizes per bird.


Prior to building our models we assessed possible correlations between pairwise combina-
tions of covariates with the intention of omitting covariates if their coefficient>0.7, [56]. How-
ever, no pairwise comparisons had a correlation coefficient>0.7 and therefore none were
omitted. We then built candidate models that considered the potential effects of habitat covari-
ates on marine space use (Table 1) based on published literature and our observations of
murrelet space use, and we limited our candidate set to fewer than 20 models [57]. Because the
selection of models requires some subjectivity, we used also used a variable ranking approach
to ascertain the most influential variables from within our top model (see below).


We used Akaike’s Information Criterion corrected for small sample sizes (AICc) to assess
the amount of support for different models and considered the model with the lowest AICc as
the best supported given our data. We evaluated whether including a random effect for each
individual bird improved model fit by comparing AICc values for all models with and without
a random effect. We also considered whether an interaction term for distance-to-shore and ter-
restrial human footprint should be included in our top model, because we thought that murre-
let use of the shoreline may hinge upon the amount of human disturbance in the area; i.e.,
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murrelets may prefer areas close to shore only where human disturbance is low. Therefore, we
compared AICc values for our top model with an additive and then multiplicative relationship
between these two variables [58], and considered the model with the lower AICc value as hav-
ing more support.


To assess goodness-of-fit for our top model, we used a modified k-fold approach for discrete
choice models [59–60]. We partitioned our data into 10 sets of test data that each contained
10% of all choice sets. We then fit a model using the remaining training data associated with
each test set (i.e., the entire dataset minus test data associated with each training dataset). We
then tested the ability of each training model to correctly predict used locations within choice
sets in the test data. Sites predicted as “used” were those with the highest predicted probability
of use in each choice set. We calculated the percentage of choice sets in which selection was
correctly assigned and averaged the percentage across all 10 test/training sets. Based on random
chance alone we expected 17% (1 in 6) of used sites to be correctly identified, and values>17%
suggested that our model predicted use better than random.


We assessed the relative importance of our habitat variables in the best-supported model
using two methods. First, we computed parameter estimates using standardized variables and
then ranked variables based on the absolute value of the coefficients. This method compares
the effect of a one standard deviation change in each variable on the dependent variable (rela-
tive probability of selection). Second, to evaluate the numerical influence of each explanatory
variable on selection, we set all explanatory variables except one to their mean values. We then
noted the change in the probability of selection for values of that one variable set to its maxi-
mum and minimum value. We ranked variables based on the numerical change they caused to
the dependent variable.


We used R version 3.1.1 [61] for all statistical analyses and fit discrete choice models using
the coxme and mclogit packages. We report means with their standard deviation unless other-
wise noted.


Results


Telemetry tracking
We captured, tagged, and radio-tracked 157 murrelets from 2004 to 2008. Twenty (13%)
radio-tagged murrelets attempted to breed and we estimated that 4 successfully fledged young.
Breeding murrelets traveled on average 43.3 km from nest sites to used marine locations. For
our analysis of habitat selection, we therefore used a buffer distance of 43 km for estimating the
proportion of nesting habitat near marine locations.


Across all tagged murrelets, we obtained 5,388 diurnal marine relocations during telemetry
tracking flights. We considered consecutive telemetry relocations to be independent because
they were obtained on different days (i.e., one point per day). We omitted 33 individuals from
our analysis that had<20 marine telemetry relocations and retained 124 birds to examine hab-
itat selection. On average, we obtained 39 diurnal marine relocations (SD = 11 relocations;
range 20–69) on these 124 individuals for a total of 5,185 used locations for discrete choice
modeling.


On average, murrelets foraged 0.95 km (95% CI = 0.92–0.98 km) from shore in waters 30.3
m deep (SD = 35.9 m). Across our study area, SST ranged between 6.1 and 19.5°C over the
course of our study, increasing as summers progressed (Fig 2). Waters used by murrelets were
similar in temperature on average (�x ¼ 10:1, SE = 0.02°C in May; �x ¼ 12:2, SE = 0.01°C in
August) to those available within the study area (�x ¼ 10:3, SE = 0.8°C in May; �x ¼ 12:8,
SE = 0.8°C in August). As waters warmed over the summer, used areas showed slightly less var-
iability in temperature compared to available areas (Fig 2). Areas used by murrelets had
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marginally higher levels of chlorophyll-a than available areas (Fig 2), and this effect increased
as the season progressed; by August, used areas averaged 44.7 mg/m3 (SE = 0.43 mg/m3) com-
pared to available areas (�x ¼ 17:1, SE = 0.14 mg/m3). Nesting habitat at used areas was slightly
greater than at available locations (Fig 2). Within 43 km of used telemetry locations, 10.0%
(SE = 0.07%) of the landscape was classified as suitable for nesting, compared to available loca-
tions, which had 6.8% (SE = 0.02%) of the land area classified as suitable.


Marine resource selection
AICc values indicated that murrelet selection of marine areas was better modeled by a linear
relationship for SST and turbidity, and by a quadratic relationship for chlorophyll-a. When
comparing an additive versus multiplicative relationship between shore distance and terrestrial
footprint, the multiplicative relationship (interaction) had more support. Including a random
effect for individual birds did not substantially improve model fit; the difference in AICc for
eight models, including our top model, with and without a random effect was�2 (Table 2).
For six models, the addition of a random effect cause the model to fail to converge and for par-
simony we therefore did not include a random effect for individual birds in our final model.


The model with the strongest support was the global model with an interaction term for ter-
restrial footprint and distance-to-shore (Table 2). Ten-fold cross-validation showed that on


Fig 2. Comparison of habitat features at locationsavailable versus used by marbledmurrelets in northwesternWashington, U.S.A., and
southwestern BritishColumbia,Canada, 2004–2008. Box plots showmaximum (top whisker), minimum (bottomwhisker), first and third quartiles (IQR;
top and bottom line of box), andmedian (center line of box).


doi:10.1371/journal.pone.0162670.g002
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average, our model correctly predicted use in 59% of cases. Parameter estimates indicated that
while murrelets in general prefer areas close to shore, they selected marine locations that were
further from shore where the terrestrial footprint was high (Table 3). Nearshore areas with a
low terrestrial footprint (e.g., terrestrial footprint� 0) had more the double the predicted prob-
ability of use compared to areas with high terrestrial footprint (e.g., terrestrial footprint� 100;
Fig 3). Within this near-shore environment, murrelets also selected locations with higher pro-
portional area of nesting habitat and in cooler, calmer, and shallower waters than random sites
(Table 3). While chlorophyll-a, turbidity, and marine footprint were in our top model, variable


Table 2. Support for models explainingmarine resource selectionby marbledmurrelets in northwesternWashington, U.S.A., and southwestern
BritishColumbia, Canada, 2004–2008.


Model k AICc without random
effect


Δi wi AICc with random
effect


Global with interaction 15 8456 0 0.99 8458


Global with no interactions 14 8476 20.41 <0.01 did not converge


Shoredist, terrestrialfoot, depth, nesthabitat 4 8823 367.2 <0.01 8825


Shoredist, terrestrialfoot, nesthabitat 3 8894 438.4 <0.01 did not converge


Shoredist, terrestrialfoot, depth 3 9874 1418 <0.01 did not converge


Shoredist, terrestrialfoot, shoretype 3 10084 1628 <0.01 did not converge


Wind, depth 2 11375 2920 <0.01 11378


CurrentChlor, shoretype, depth 4 12084 3628 <0.01 12086


Depth 1 12169 3713 <0.01 12171


PreviousChlor, previousSST, currentChlor, currentSST, wind, shoretype,
turbidity


9 13725 5269 <0.01 13727


CurrentSST, nesthabitat 2 13729 5273 <0.01 13731


Nesthabitat 1 14057 5601 <0.01 14059


Terrestrialfoot, marinefoot 2 14847 6391 <0.01 did not converge


PreviousChlor, previousSST 3 16105 7649 <0.01 did not converge


CurrentChlor, currentSST 3 16176 7721 <0.01 16178


CurrentSST 1 16938 8482 <0.01 10086


doi:10.1371/journal.pone.0162670.t002


Table 3. Parameter estimates,unconditional standard errors, p-values, and 95% confidence intervals for the best-supportedmodel explaining
marine resource selectionby marbledmurrelets in northwesternWashington, U.S.A., and southwesternBritishColumbia,Canada, 2004–2008.


Parameter Estimate Upper CI Lower CI


CurrentChlor -0.0081 -0.0020 -0.0142


CurrentChlor2 0.0001 0.0001 <0.0001
CurrentSST -0.2026 -0.1544 -0.2507


Depth 0.0057 0.0070 0.0044


Marinefoot 0.0111 0.0141 0.0081


Nesthabitat 21.49 22.95 20.03


PreviousChlor 0.0045 0.0107 -0.0017


PreviousChlor2 -0.0001 <0.0001 -0.0001


PreviousSST -0.1565 -0.1024 -0.2106


Shoretype -0.5048 -0.4112 -0.5985


Shoredist -0.0007 -0.0006 -0.0008


Shoredist×terrestrialfoot 0.000004 0.000006 0.000002


Terrestrialfoot -0.0087 -0.0052 -0.0122


Turbidity 0.0630 0.1160 0.0099


Wind 0.2250 0.3543 0.0957


doi:10.1371/journal.pone.0162670.t003
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importance rankings indicated that they consistently had a relatively small effect on murrelet
use of marine environments (Fig 4).


When ranking variables by standardized coefficients, the two most influential variables
were distance to shore and nesting habitat. Our second ranking method (numerical influence
of variables on selection) indicated that SST, distance to shore and its interaction with terres-
trial footprint were most influential. Considering the effect of these variables collectively, the
predicted probability of a marine area being used by a murrelet increased as nesting habitat
increased and distance to shore, SST, and terrestrial human footprint decreased (Fig 4). Most
near-shore areas showed a high probability of use relative to open water >2 km off-shore.
Exceptions include areas with an extremely high terrestrial footprint, such as the coastline on
the far eastern portion of Puget Sound, where Everett and Seattle metropolitan areas are
located.


Discussion
The spatial distribution of murrelets at sea was best explained by our global model, suggesting
that multiple factors have some effect on marine space use. All analyses indicated that both
marine and terrestrial factors pay significant roles in determining the use of marine habitats.
Distance-to-shore, a terrestrial footprint/distance-to-shore interaction, and nesting habitat
availability were the three most influential factors. In past studies, distance-to-shore and nest-
ing habitat availability have been shown important in driving murrelet space use or densities.


Fig 3. Predicted relative probability, with 95% confidence intervals, of a marine area being used by
marbledmurrelets inWashington, U.S.A., and southwestern BritishColumbia,Canada, 2004–2008.
Plots show relative probability of use for percent nesting habitat within 43 km (top), and SST (middle), and
relative probability as a function of distance to shore (bottom) for areas with low (A; 0), medium (B; 50), and
high (C; 100) terrestrial human footprint.


doi:10.1371/journal.pone.0162670.g003


Fig 4. Relative influenceof variables explainingmarine resource selectionmarbledmurrelets in northwesternWashington, U.S.A., and
southwesternBritishColumbia, Canada, 2004–2008. Black bars indicate relative influence based on effect of each variable on the numerical change in
the response variable (holding other variables constant) whereas gray bars indicate relative influence based on ranking of standardized regression
coefficients.


doi:10.1371/journal.pone.0162670.g004
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Murrelets are associated with marine areas close to shore and near larger and more cohesive
tracts of potential nesting habitat [48, 50–51, 62–64]. The impact of terrestrial human footprint
on murrelets has been less studied. The only other study we could find that considered the
impact of terrestrial footprint on murrelet occurrence at-sea was Raphael et al. [26]. For areas
that are sparsely populated, like coastal Alaska, terrestrial human activities are unlikely to have
an impact because human population density is low. For more densely populated areas, how-
ever, human activities on land may impact murrelets, and terrestrial footprint should be exam-
ined more thoroughly in future studies. Possible direct mechanisms by which terrestrial
footprint may impact murrelets is via increased boat traffic in nearby waters (e.g., [27, 28]) or
noise disturbance (e.g., [65]). Terrestrial footprint may indirectly impact murrelets if areas
with higher footprint are associated with higher amounts of pollution or runoff that reduce
prey abundance, or by reductions in nesting habitat.


Influential variables that ranked slightly lower in our analysis included shore type and sea
surface temperature (SST). Both these factors serve as proxies for potential murrelet prey and
may indicate that murrelets were selecting habits with higher abundance of food [34–35, 41,
48]. Sand and gravel beaches are used as a proxy to indicate the presence of sand lance habitat
[66–69], which are prey for murrelets [16, 33]. Cooler sea surface temperatures may point to
potentially productive marine conditions that attract seabird prey in general, and may lead to
selection by seabirds, increased abundance of seabirds and/or improve seabird reproductive
success [23, 70–72].


To verify these suppositions, however, information is needed on the distribution and abun-
dance of murrelet prey in this region. Responses of prey to marine habitats or conditions can
be complex. For example, within our study area, the few data available on sand lance abun-
dance suggest that sand lance occur in most (78%) shallow or nearshore waters in the Salish
Sea [73]. Thus, our assumption that that sand lance were limited to sand and gravel beaches
(and murrelets in our study therefore selected waters near beaches) may have been an oversim-
plification [69]. Additional data of higher spatial and temporal resolution are needed on sand
lance distributions with this region.


The impact of SST on prey is also complex. Several trophic levels can occur between phyto-
plankton–the trophic level that responds directly to factors like SST–and the prey used for for-
age by top marine predators like the marbled murrelet. Relationships between murrelets and
SST have been variable and scale dependent in some past studies (e.g., [35, 41]). Additionally,
there have been situations in past studies where proxies of prey were not associated with actual
prey. For example, Gremillet et al. [22] observed that gannets (Morus capensis) foraged in areas
with predicted high primary productivity (e.g., low SST and high chlorophyll-a), but these
areas lacked fish. Thus, there was a mismatch between ocean indicators of primary productivity
and the prey required for the seabirds. This led to low seabird reproductive output. The sea-
birds were limited by the availability of nesting habitat (islands) that forced them to nest near
areas with poor food resources. With these considerations in mind, we encourage future studies
that determine the actual distributions of murrelet prey in our study area. We also encourage
studies that map the proximity of productive marine areas relative to suitable nesting habitat. If
the proximity of nesting habitat to regions with high food production is important for the mar-
bled murrelet, than measures to protect and enhance nesting habitat near productive marine
areas should be prioritized [74]. The conservation of most nesting habitat so far has been based
on landownership. In the Northwest Forest Plan, perhaps the most comprehensive habitat pro-
tection program to date, only nesting habitat in Federal National Parks and Forests was pro-
tected. Potential nesting habitat in adjacent state and private forests, which often occur closer
to marine areas, was not protected. Therefore, protection of some nesting habitat in the U.S.A.
has been done without full consideration of the habitat needs of nesting murrelets.
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Study limitations
It is important to consider that telemetry location errors in our study had the potential to cause
misclassification of some used habitats [75]. We determined that error polygons (from teleme-
try locations) averaged 385 m, but ranged up to 685 m, which is greater than the 500-m resolu-
tion of some of our habitat layers. Other errors may have occurred for used points that
occurred near the boundaries of different habitats [74–76]. Thus, some used points may have
been placed within habitats that were not actually used. While we found little difference in hab-
itat use when comparing habitats averaged within error polygons to those from point data (cor-
relations >0.95), we nevertheless encourage future studies that minimize location errors to the
extent possible. Another equally important consideration is that habitats selected at finer scales,
like those considered in our study, depended on habitat selection by murrelets at broader scales
[41, 77–78]. Therefore, the results of our study should be applied only within the context of
studies that have occurred at broader spatial scales in this region. Studies at larger spatial scales
have shown the importance of inland nesting habitat on murrelet marine abundance [26, 77].
Our analysis was restricted to relatively fine spatial scales, and this may explain why nesting
habitat availability was not more strongly selected in our study (ranking 2nd and 9th in our two
variable rankings) compared to other studies.


Lastly, we were unable to determine the behavior of murrelets that were being tracked,
which is important for determining whether used habitats are beneficial to animals under
study [79–80]. Murrelets may not have been actively or successfully feeding while using the
habitats that we recorded. Identifying murrelet behavior while at-sea may be logistically diffi-
cult in some cases without considerable advances in technology, although past studies have
used murrelet diving behavior (measured from land using radio telemetry) to infer foraging
effort [6, 81]. We did not include information on diving behavior in our analysis, however, and
interpretations about the importance of marine habitats for murrelets should be done with our
study’s limitations in mind.


Management implications
Many past studies have called for the protection of marine areas for marbled murrelets, in addi-
tion to the measures currently in place to protect terrestrial nesting habitat [9, 74, 82]. Given
the marine habitat selection we observed in this study, we suggest that marine areas that should
be prioritized for protection are those in closest proximity to large tracts of nesting habitat,
with low human footprint, and near sand or gravel beaches. We also suggest that future efforts
consider protecting nesting habitat on non-federal lands, as private and state-owned lands
often occur in closer proximity to marine areas, at least in northwestern Washington. If murre-
lets prefer marine areas near nesting habitat, such protections may improve the suitability of
some nearshore marine areas for murrelets.


To further guide management efforts, we also suggest that an important next step is to
obtain spatially and temporally explicit information on the distribution of forage fish and other
murrelet prey in our study area. Such research should also examine the distributions of forage
fish and marine invertebrates relative to remotely sensed SST and chlorophyll-a in Washing-
ton. Information on the distribution of forage fish would aid in assessing the extent to which
remotely sensed variables can be used to predict murrelet space use or abundance in our study
area. Lacking such information, our results suggest murrelet use of some near-shore areas may
be limited by nesting habitat availability, shoreline type, and terrestrial footprint, particularly
around large metropolitan areas. Future efforts should explore this further, with the possibility
of protecting shoreline near the remaining tracts of nesting habitat from a high degree of devel-
opment. While we recognize the challenges posed by such an approach, we contend that
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successful conservation of the marbled murrelet is likely to involve challenges irrespective of
the approach taken.


Supporting Information
S1 Table. Data on marbledmurrelet use of marine habitats in northwesternWashington,
U.S.A., and southwestern British Columbia, Canada, 2004–2008, compared to available
habitats.
(XLSX)
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ABSTRACT The marbled murrelet (Brachyramphus marmoratus) is a threatened seabird that forages in
nearshore marine waters but nests inland, commonly in older coniferous forests. Information on ranging
behavior and breeding propensity can be useful for informing management, especially when comparisons can
be made between declining or threatened populations and more stable, unthreatened populations. Over
5 years, we measured ranging behavior and breeding propensity of marbled murrelets in Washington, USA
where murrelets are considered threatened. Our primary objective was to compare space use and breeding by
murrelets in Washington with those from other regions and where the species is not considered threatened.
We radio tracked 157 murrelets from 2004 to 2008. Median marine 95% kernel ranges were 487 km2


(�x ¼ 938� 1; 348 [SD]) and larger than those reported for non-threatened populations in Alaska, USA
in other studies. Ranges computed from minimum convex polygons (MCPs; median¼ 404 km2;
�x ¼ 708� 847) were on average similar to those reported for threatened populations in California,
USA, although larger than those reported for Alaska. Distances traveled between consecutive marine
telemetry locations were greater than reported previously in Alaska. Variation in movements in our study
were not associated with oceanographic conditions although appeared greater for murrelets captured along
the Pacific Coast compared to those occupying interior marine waters in the Salish Sea. Twenty individuals
(12.7%) attempted to breed in our study, and we estimated breeding propensity was 13.1–20.0%. This is the
lowest breeding propensity reported for a population of murrelets to date. For breeders, nest-sea commuting
distances were greater than reported previously, with 4 breeders traveling farther than the previously reported
maximum of 125 km. The low breeding propensity, large marine ranges, and long nest-sea commutes in this
study may point to poor-quality marine habitat in Washington compared to other parts of the murrelet’s
range. In combination with reported declines in terrestrial nesting habitat from other studies, this indicates
that additional management is needed to improve murrelet breeding habitat in Washington. Future
management actions should focus on improving both terrestrial and marine habitat. � 2016 The Wildlife
Society.


KEY WORDS Brachyramphus marmoratus, marbled murrelet, old growth forest, Salish Sea, sea surface temperature,
space use, upwelling index, Washington.


Information on space use and movements of wildlife is
important for guiding management decisions. Although
many factors influence animal behavior and movements,
space use often, at least partially, reflects the underlying
quality of habitat used by animals (Brown and Orians 1970).


Exceptionally long movements compared to the norm may
indicate poor quality habitats in which individuals must
traverse large areas to meet their basic needs.
Marbled murrelets (Brachyramphus marmoratus) are sea-


birds in the family Alcidae that nest in coastal, old-growth
forests in the Pacific Northwest. They are listed as
threatened species from British Columbia south to
California (U.S. Fish and Wildlife Service 1992, Commit-
tee on the Status of Endangered Wildlife in Canada 2012).
Thus, marbled murrelets have been the focus of numerous
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space use studies. These studies have measured marine
range size (Hebert and Golightly 2008, Barbaree et al.
2015), marine movements (Kuletz 2005, Hebert and
Golightly 2008, Peery et al. 2009), and nest-sea commuting
distances (Whitworth et al. 2000, Hull et al. 2001, Kuletz
2005, Barbaree et al. 2015) to identify important factors for
sustaining populations. Notably, however, there have been
no published studies on space use by murrelets in
Washington, where declines have been observed (Miller
et al. 2012, Falxa and Raphael 2016). Past published studies
of space use in marbled murrelets have occurred in Alaska,
USA (Whitworth et al. 2000; Kuletz 2005; Barbaree et al.
2014, 2015), British Columbia, Canada (Hull et al. 2001,
Bradley 2002, Bertram et al. 2015), and California, USA
(Hebert and Golightly 2008, Peery et al. 2009), which are
different from Washington with respect to murrelet
population dynamics and available habitat (Falxa and
Raphael 2016).
To address this information gap, we undertook a study of


breeding season space use by marbled murrelets in
Washington. We were interested in comparing ranges,
movements, and breeding in the Washington population
with those from other regions to understand factors that may
be associated with population declines. Our objectives were
to quantify nest-sea commuting distances and marine
movements and ranges. We also estimated breeding
propensity (i.e., proportion of individuals of both sexes for
which we detected breeding) and nesting success (i.e.,
proportion of breeders that fledged a young) for each year.
During the years of our study, a shift in climate patterns
resulted in a widespread delayed oceanic upwelling in the
California current (Schwing et al. 2006, Barth et al. 2007,
Dorman et al. 2011), which can affect marine productivity in
coastal Washington (Hickey and Banas 2003). The
upwelling event enabled us to also explore the possible
effects of large-scale oceanic processes on murrelet move-
ments in Washington.


STUDY AREA


We conducted this study in northwestern Washington
(�478 480 N, 1238 400 W) and captured murrelets on 3
areas (Fig. 1). Our Coast study site occurred along the
Pacific coast of Washington (i.e., west side of the Olympic
Peninsula) and we expected it was most influenced by
large-scale ocean processes, particularly upwellings asso-
ciated with the California Current. Our Strait study site
included marine waters within the Strait of Juan de Fuca
(i.e., north side of the Olympic Peninsula) and we expected
it to be less influenced by upwellings and more by tidal
flows within the Salish Sea. Our third study site, Hood
Canal, was a narrow, deep channel on the east side of the
Olympic Peninsula and was most heavily influenced by
tidal flows and by terrestrial runoff, with less immediate
impact from ocean upwellings compared to the other
study sites.
The climate within our study area is best described as a wet,


maritime oceanic or temperate climate, and is characterized
by mild, rainy weather year-round, except for a mild, dry


period in mid- to late summer. Forests used for nesting by
murrelets in this region are generally temperate coastal
rainforests dominated by western hemlock (Tsuga hetero-
phylla), Douglas-fir (Pseudotsuga menziesii), and western red
cedar (Thuja plicata).


METHODS


Field Data Collection
We used radio-telemetry to examine space use by marbled
murrelets. We captured murrelets by using night-lighting
and long-handled dipnets (Whitworth et al. 1997) from
April to July 2004–2008. With the exception of a few
individuals that were released without transmitters because
of concerns over handling stress, we fit captured birds with a
very high frequency (VHF) 3.3-g transmitter (<2% of body
weight; Advanced Telemetry Systems, Isanti, MN, USA)
using a subcutaneous anchor following Newman et al. (1999)
except we did not use anesthesia or sutures.We also collected
a small sample of blood from the brachial vein of each
murrelet to determine sex. We released murrelets at the site
of capture within 1 hour. All handling was in accordance
with the United States Fish and Wildlife Service Endan-
gered Species 10a1a permit (Permit no. TE-070589-2) and
in compliance with Ornithological Council guidelines (Fair
et al. 2010).
We estimated transmitter battery life was 80 days. We


located radio-tagged murrelets primarily by aerial tracking
from fixed wing aircraft and we used ground-based
telemetry for pinpointing the exact location of nest sites,
and for monitoring nests. We initiated aerial tracking
searches within 3 days after the first murrelet was tagged in
each year. We ended searches after the last identified nest
had fledged or failed and when significant numbers of
transmitters were no longer detectable within our study
area, indicating post-breeding dispersal or transmitter
battery failure.


Figure 1. Three capture sites used for capturing marbled murrelets in
northwestern Washington, USA, 2004–2008. Black dots show capture sites
for individual murrelets.
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Weather permitting, we conducted tracking flights daily.
Tracking flights lasted �5 hours until either all birds had
been located or the aircraft needed refueling. Aerial searches
included marine foraging areas and terrestrial nesting areas.
If we did not locate an individual murrelet at sea or on an
inland nest for 2–3 consecutive days, we expanded our search
area to find the missing bird and generally focused on areas
beyond the location that the missing murrelet was last
detected.When pilots detected a murrelet’s radio signal from
the air, they circled over the transmitter and used a global
positioning system (GPS) unit to mark the location
from which they heard the loudest signal. Our tests with
stationary transmitters on land indicated that GPS location
accuracy from aircraft was 385m on average (�230, range¼
93–685m). We attempted to conduct tests with stationary
transmitters attached to buoys in water, but ocean currents
caused the buoys to move before test flights could be
conducted, precluding an assessment of location accuracy.
Because most telemetry flights occurred over marine areas,


we typically first detected breeding activity when radio-
tagged murrelets exhibited the characteristic on-off nest
attendance pattern indicative of incubation (Bradley et al.
2004). When the on-off pattern was observed for a murrelet,
we conducted aerial telemetry search over potential nesting
habitat until we detected the tagged bird.We then visited the
area on foot and located the nest by homing to the murrelet’s
radio signal. At a subset of nests (n¼ 4), we set video cameras
(Sandpiper Technologies, Manteca, CA, USA) to record
continuous footage while the nest was active.
We estimated breeding propensity as the proportion of


radio-tagged adults of both sexes that were detected
attempting to nest. We computed an uncorrected breeding
propensity as the ratio of tagged murrelets for which we
observed breeding, compared to all tagged murrelets. This
uncorrected breeding propensity may underestimate breed-
ing if murrelets are radio-tagged after they have initiated but
failed in their nesting attempts. To account for this
possibility, we also computed a corrected breeding propensity
including only murrelets that were captured before or during
the median range of nest initiation dates. We computed the
median range of nest initiation dates for this population
using all observations of fish-holding murrelets during boat-
based surveys conducted in this region from 1998 to 2012
(Havron 2012). To estimate a range of dates that nesting
could have occurred, we considered that fish-holding
murrelets could be either at the beginning or end of the
nestling phase and subtracted 58 days (for early initiated
chicks) or 30 days (for late initiated chicks) from the median
fish-holding date following recommendations by McFarlane
Tranquilla et al. (2005). We used these 2 dates to compute
the median range of nest initiation, and excluded murrelets
captured after those dates from our corrected estimate of
breeding propensity.
For known breeders, we determined nest success by video


monitoring, radio-telemetry monitoring, or viewing nest
contents after the nesting season. Once we had detected an
on-off pattern at sea that indicated birds were incubating
(rather than prospecting for nest sites), we determined nests


were successful if we observed fledging on video, if the length
of time an adult visited a nest indicated nest attendance for
approximately 30-day incubation and nestling periods, or if
we observed a large fecal ring in the nest after the nesting
season (Nelson 1997). We classified nests as unsuccessful if
video showed the nest failed, if the timing of adult visits was
too short for successful nesting based on known dates of nest
initiation (<�60 days; Nelson and Hamer 1995, McFarlane
Tranquilla et al. 2005), there was an underdeveloped fecal
ring at the nest site, or a broken egg or dead chick was at or
near the nest site after the nesting season (Nelson andHamer
1995, Nelson 1997).


Marine Ranges
We estimated marine range size for radio-tagged murrelets
using 5 methods to compare with past research studies. We
first estimated 95% kernel ranges using Geospatial Modeling
Environment (Geospatial Modeling Environment Version
0.7.1.0) and used 2 different bandwidth estimators. We
computed 95% kernels using least squares cross-validation
(LSCV) as a bandwidth estimator for direct comparison with
Barbaree et al. (2015). However, we found that these kernels
were heavily influenced by 1 or a few outlier points, such that
single points far from the majority of point locations would
result in an unrealistically large range. Such kernels often
contained areas never used by murrelets, such as pelagic
environments >30 km from shore (murrelets were not
detected >10.9 km offshore in the course of our study).
Thus, we also computed 95% kernels using the plugin
bandwidth estimator; this method was less subject to range
expansion with a few distant telemetry relocations. We
viewed these 95% plugin kernels as more accurate
representations of range size and used them in all analyses.
We then computed a range core area using the 50% contour
of the utilization distribution (UD) for LSCV and plugin
kernels. For all kernels, we removed portions of the range
that included land using the erase tool in ArcGIS 10
(Environmental Systems Research Institute, Redlands, CA,
USA).
Last, for comparison with Hebert andGolightly (2008), we


computed 95% minimum convex polygons (MCP). We
computed 95% MCPs using adehabitatHR in R version
3.1.1 (R Core Development Team, R Foundation for
Statistical Computing, Vienna, Austria), which computes
95% MCPs by removing 5% of relocations farthest away
from the home range centroid, estimated with the arithmetic
mean of relocations (Calenge 2015). Similar to kernel ranges,
we removed parts of each murrelet’s MCP composed of land.
Although this method was useful for comparing ranges
directly to Hebert and Golightly (2008), we did not view
these ranges as especially representative of murrelet space use
in our study because they included large amounts of unused
areas, and somewhat simplistically truncated the range
boundary at the outermost telemetry locations.
Previous research indicated that murrelets travel overwater


except when prospecting for or attending nest sites (Barbaree
et al. 2015). For murrelets that traveled around large land
masses like the Olympic Peninsula, we constructed MCPs
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using marine least cost paths (see section below on LCP
Analysis–Marine) converted to points to ensure that the
MCP was not split into 2 separate MCPs after removing
land. This was necessary for birds that moved between the
Coast and Strait or Hood Canal study areas but were not
detected en route (e.g., they were detected on the Coast and
the next day in the Strait or Hood Canal). By using LCPs
instead of telemetry relocations, the MCP then included all
of the coastline that would have been traveled by the
murrelet, rather than only the coastline near the points where
we detected the murrelet.
We constructed ranges using only marine locations even for


breeders that used terrestrial areas for nesting because we
were specifically interested in measuring marine space use.
For constructing ranges, we assumed that consecutive marine
telemetry relocations were spatially and temporally indepen-
dent because they were obtained on different days. We
compiled area observation curves (Odum and Kuenzler
1955) for 95% plugin kernels of 10 randomly selected
murrelets and found that all ranges reached an asymptote
near 15 point relocations. This is similar to the cut-off of 12
point locations used by Barbaree et al. (2015) for
summarizing range size for murrelets in Alaska. Therefore,
we estimated ranges only for individuals with �15 point
locations.


LCP Analysis—Marine
We computed least cost paths (LCPs; Wang et al. 2009,
Sawyer et al. 2011, LaPoint et al. 2013) to estimate the
minimum distances likely traveled between consecutive
marine locations for individual murrelets. Similar to our
construction of MCP ranges, we assumed that murrelets
preferred to travel via water, rather than overland, and also
preferentially traveled in nearshore waters, rather than far
offshore or in pelagic waters (Kuletz 2005, Burger et al.
2008). We defined nearshore waters as those within 3,061m


of the shoreline, which represented the 95th percentile of all
murrelet telemetry locations from this study. We then used a
cost-weighted path analysis in R, where costs were imposed
on each possible step for traveling via land (user assigned
value of 10) or over open water (user assigned value of 2).
Nearshore marine areas (areas within 3,061m of coastline)
had the least cost imposed for travel (user assigned value of
1).We then computed the distance in kilometers for the path
(i.e., LCP) that minimized the cost of traveling between 2
consecutive telemetry relocations. This approach resulted in
murrelet marine LCPs that were generally restricted to the
nearshore waters, although open water could be crossed
when necessary to move between different nearshore regions
(Fig. 2). Our user-assigned values had no direct effect on the
distance estimated for each LCP. They simply restricted the
murrelets’ traveled pathways to nearshore marine areas in
most cases. As noted below, this method is analogous to the
pivot-point procedure used to compute nest-marine com-
muting distances by Barbaree et al. (2015). This approach
best reflected what is currently known of the spatial ecology
of marbled murrelets, which restrict their marine movements
to nearshore regions, and which are generally thought to
travel over land only while nesting or prospecting for nest
sites. Importantly, however, these paths do not represent the
actual routes that murrelets traveled because we only visited
each individual at most once daily. Rather, they represent a
minimum distance likely traveled between consecutive
marine telemetry relocations.


LCP Analysis—Nest to Sea
For breeding murrelets with active nests, we computed the
distance between consecutive nest and marine relocations
also by constructing LCPs. We assumed that both distance
and elevation constituted a cost for murrelets traveling to
inland nest sites (Barbaree et al. 2015). For the overland
portion of paths, we used a digital elevation model (DEM) to


Figure 2. Example of cost-weighted paths computed for marbled murrelets in northwest Washington, USA, and southwest British Columbia, Canada, 2004–
2008, between consecutive marine locations (A; marine least-cost paths [LCPs]) and terrestrial nest sites and marine telemetry relocations (B; nest-sea LCPs).
For LCPs in A, black and gray circles and lines indicate computed paths for 2 different non-breeding radio-taggedmurrelets. For nest-sea LCPs in B, dark gray,
white, and black circles and lines indicate computed paths for 3 different breeding radio-tagged murrelets. Once we constructed paths, we estimated the length
of each path in kilometers.
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represent elevational costs, and the computed paths
minimized the distance and elevational costs between nest
and marine locations. For the marine portion of the
commute, similar to the marine LCP analysis, we assumed
murrelets preferentially traveled in nearshore waters and we
similarly defined nearshore waters as those within 3,061m
of the shoreline (user assigned value of 0, compared to
areas >3,061m from shore with a user assigned value of 1).
This method assumes that murrelets commute overland


between nest and marine locations by traveling along river
valleys (e.g., the lowest elevation path), unless it is less costly to
traverse narrow or low ridgelines (Fig. 2). These assumptions
are supported by observations of murrelets predominately
using river valleys for travel to nests in past studies, although
minor ridgelines may occasionally be traversed (Hull et al.
2001,Bradley 2002,Barbaree et al. 2015). It is analogous to the
pivot-point procedure used to compute nest-marine commut-
ing distances byBarbaree et al. (2015) but uses elevation rather
than human-derived pivot points to direct the path. Following
Barbaree et al. (2015), we separately computed distances
commuted over land and over marine areas.
We calculated nest-sea LCPs only for days in which we


knew a murrelet’s location on the water and during the
active nesting period. We determined whether nests
were active using an individual murrelet’s marine on-off
pattern (Bradley et al. 2004), by observing murrelets at their
nest sites, or by back-counting from known hatch or fledging
dates. We assumed that murrelets visited their nest at least
once daily during the nestling period and once every-other
day during the incubation period, unless we detected an
individual with telemetry visiting its nest more or less often.


Oceanographic Conditions
The second year of our study (2005) had an anomalously
delayed upwelling in the California Current. This delayed
upwelling had widespread effects on many marine taxa. To
examine whether this unusual upwelling event influenced
marbled murrelet movements, we modeled the influence of
several oceanographic conditions on murrelet paths (see
Analysis for modeling procedure), including upwelling
conditions, sea surface temperature, and chlorophyll-a.
We characterized upwelling conditions for our study site


using estimates of the Bakun Upwelling Index obtained from
the National Oceanic and Atmospheric Administration’s
Pacific Fisheries Environmental Laboratory (PFEL) website
(www.pfel.noaa.gov) for 1258 W 450 N, which is off-shore
northwestern Washington. This index is an estimate of the
offshore Ekman transport derived from surface pressure
fields (Perez-Brunius et al. 2007) and is measured as m3/s/
100m. We characterized upwelling conditions using 2
methods: the monthly upwelling anomaly and the daily
cumulative upwelling index from the PFEL website. We
downloaded monthly upwelling anomalies for the months
and years of our study directly from the PFEL website, and
they represented the difference in between mean monthly
upwelling values for each month of our study versus the 20-
year average from 1948–1967. We computed a daily
cumulative upwelling index (CUI) as the cumulative sum


of the daily upwelling index beginning on the average date of
physical spring transition (i.e., date of min. upwelling index
value for year) for this location (ordinal day 103, or�Apr 13)
and ending on the last date of murrelet tracking for this study
(ordinal day 223, or �Aug 10) for the years of our study
(2004–2008) following Schwing et al. (2006).
Upwellings are thought to improve forage conditions for


top predators like seabirds primarily by bringing cool and
nutrient-rich waters to the sea surface. We expected that a
higher CUI would be associated with increased prey
availability and therefore shorter paths in murrelets, because
murrelets would be able to find prey while traveling shorter
distances overwater. However, it is possible that murrelet
movements would be better modeled directly by sea surface
temperature (SST) and chlorophyll-a concentrations, rather
than the CUI. If this was the case, we expected that low SST
and high concentrations chlorophyll-a would be associated
with shorter marine LCPs in murrelets (Becker and
Beissinger 2003, Barrett 2008, Raphael et al. 2015). We
obtained spatially explicit satellite derived data on SST (8C)
and chlorophyll-a concentrations (mg/m3) for each month
and year of our study from the National Oceanic and
Atmospheric Administration (NOAA 2007) Aqua MODIS
(Moderate Resolution Imaging Spectroradiometer) at a
resolution of 1 km, similar to Raphael et al. (2015). We
considered the effect of current- and previous-month SST
and chlorophyll-a on murrelets to account for possible time
lags between changes in these factors and responses of the
murrelet’s prey.


Analysis
We used 2-tailed t-tests to compare 95% plugin kernel
marine range size between males and females and breeders
and non-breeders. For breeders, we looked for differences in
marine LCPs by breeding stage (i.e., pre-nesting, incubation,
nestling, post-nesting) using a repeated measures analysis of
variance (ANOVA), treating individual birds as random
replicates on each of the 4 breeding stages. We modeled
repeated measurements with an autoregressive lag-1 covari-
ance structure to capture covariation among daily measure-
ments for each bird. We used 2-way ANOVA to compare
marine range size among years and sites, and included an
interaction term for year and site. For all of these analyses, we
log transformedmarine range size andmarine LCPs to better
meet assumptions of normality, and report Type 3 effects
when overall F tests indicated statistical significance at
a¼ 0.05.
To assess the potential influence of delayed upwellings on


murrelet movements, we used an information-theoretic
approach (Burnham andAnderson 2002) where we compared
support for a set of 11 a priori models. We developed models
that considered results of past research, and our expectations of
murrelet movements following changes in ocean conditions,
based onmodeling recommendations by Johnson andOmland
(2004). We treated marine LCPs as the response variable.
Similar to the preceding analysis with marine ranges, we log
transformed marine LCPs to better meet assumptions of
normality.WeusedmarineLCPs rather thanmarine ranges to
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represent murrelet movements in this analysis for 3 reasons.
First,marineLCPswere typicallymeasureddaily (median time
between consecutive points was 1.04 days), rather than yearly.
This allowed us to examine within-year variation in move-
ments, and led to a more robust sample size (n¼ 4,932 LCPs;
and �x ¼ 32:32� 14:51=bird) compared to using ranges
(n¼ 137 marine ranges total, and 1/bird). Second, they
allowed for an examination of effects at finer spatial resolution
(i.e., point data, rather than 500–1,000 km2 ranges). Third,
LCPs were a less subjective measure of murrelet movements
because the computation of ranges has its own set of inherent
assumptions (Harris et al. 1990, Kernohan et al. 2001, Laver
and Kelly 2010). As noted below, different methods for
constructing ranges resulted in range sizes that varied by a
factor of 2 to 3 in some individual cases, and ranges were not
necessarily correlated with each other (i.e., correlation
coefficient for ranges using different estimation methods
averaged 0.831 and ranged 0.640–0.978; Table S1, available
online in Supporting Information). Marine LCPs simply
represented the minimum distance traveled between consecu-
tive telemetry relocation points and did not vary numerically
based on the method used to compute them.
We included CUI, capture site, and spatially explicit SST


and chlorophyll-a as explanatory variables. Because each
marine LCP was composed of 2 consecutive telemetry
locations, we estimated SST and chlorophyll-a from the first
point comprising each LCP. We expected that CUI, SST,
and chlorophyll-a at each location would influence a
murrelet’s decision to move to the next consecutive location;
higher CUI (Becker and Beissinger 2003, Peery et al. 2009),
lower SST (Becker and Beissinger 2003, Day et al. 2003,
Barrett 2008, Raphael et al. 2015, Lorenz et al. 2016), or
higher chlorophyll-a (Peterson et al. 2010) would be
associated with shorter marine LCPs if murrelets would
be more likely to find prey in cooler, more nutrient rich
waters and thus less prone to travel great distances to the next
location. We included a term for both current- and previous-
month SST (cSST and pSST, respectively) and chlorophyll-
a (cchlor and pchlor) to account for possible time lags
between changes in those factors and responses by murrelets
(Raphael et al. 2015).
To reduce problems caused by pairwise collinearity among


predictor variables, prior to building our models we looked
for correlations between pairwise combinations of covariates
with the intention of removing covariates if their coefficient
was >0.60 (Dormann et al. 2013). However, we did not find
any correlations >0.60 and therefore included all covariates.
We did not include sex or breeding status as explanatory
variables in this analysis because we did not observe
differences between males and females or breeders and
non-breeders (see Results).
Waters within the Salish Sea mix at different rates with


those on the coast (Sutherland et al. 2011, Yang and Wang
2013), and we expected that the short-term effects of
upwelling on distance may vary by capture site or by an
individual’s location at any given time. Murrelets captured or
occurring on the Coast may be more influenced by
upwellings than those in the Strait or Hood Canal. We


therefore included an interaction term for CUI with both
capture site and point site (i.e., categorical variable for study
area each telemetry relocation occurred in) in all models that
included CUI as a factor.
We included a random effect for individual (bird ID) to


account for multiple marine LCPs by individual murrelets.
To account for temporal autocorrelation, we treated
ordinal day as a repeated factor (using a random statement
in Proc GLIMMIX; SAS Institute, Cary, NC, USA). We
attempted multiple covariance structures, including a
spatial power covariance structure to account for covari-
ance within birds. We found that the only viable
covariance structure was compound symmetry; no other
structure could achieve starting values to begin the fitting
process. We therefore used a compound symmetry
structure, which assumes that all observations over time
for the same bird have a common covariance with all other
observations for that bird.
We ranked candidate models based on Akaike’s Informa-


tion Criterion corrected for small sample sizes (AICc) and
Akaike weights (Burnham and Anderson 2002), where we
considered models with lower AICc and higher weights
better supported than other models. We used maximum
likelihood estimation for computing AICc. We used
restricted maximum likelihood (REML) for estimating
model parameters for our best-supported model. We looked
for violations of model assumptions using standard
diagnostic plots. We assessed model fit for our best-
supported model using k-fold cross-validation.We randomly
removed 25% of observations as test data and fit the model
with the remaining observations (i.e., training data). We
then computed a predicted value of the response variable
(LCP) for each observation in the test data based on the
training model. We calculated root mean square error
(RMSE), and the simple correlation coefficient (r) between
actual and predicted values. We also computed the R2 of the
regression line fitted between the actual and predicted values.
We completed 10 iterations (10-folds) of this process and
averaged r, RMSE, and R2 across iterations.
We used R for computing marine LCPs, nest-sea LCPs,


and marine MCPs as described above, and SAS version 9.4
statistical software (SAS Institute) for statistical tests and
models. For statistical tests, we considered results significant
at a¼ 0.05 and reported effect sizes in addition to test
statistics. Throughout the results, we report means (�SD)
unless otherwise noted.


RESULTS


We captured and radio-tagged 157 marbled murrelets from
2004–2008. We captured 72% in the Strait of Juan de Fuca,
18% in Hood Canal, and 10% on the Pacific Coast. In
general, capture rates were similar among sites. For days in
which weather was conducive to capture, on average we
captured 1.4, 1.5, and 1.6 murrelets/night (n¼ 85 nights) in
the Strait, Hood Canal, and Coast sites, respectively.
However, the Coast and Hood Canal sites were farther from
our field center or more difficult to access, and therefore we
captured fewer birds there. For logistical reasons, we did
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not attempt to capture murrelets on the Coast in 2004 and
2008.
We conducted telemetry tracking flights 76� 14 days each


year, for 381 days of aerial telemetry tracking. Tracking
flights occurred predominately from May to August and so
we restricted our analyses only to points that were collected
during this time period. During this period, flights did not
occur on an average of 10.2� 10.6 days each year. We
obtained 5,388 diurnal marine telemetry tracking relocations
on murrelets from May to August 2004–2008, most of them
during telemetry tracking flights. Mean number of marine
relocations/individual during this period was 34.3� 15.3
(range¼ 1–71).
Murrelets captured in different study areas differed in their


fidelity to their capture site. FewHood Canal (0%) and Strait
(9%) birds ever visited the Coast study site, but all Coast
birds (100%) visited the Strait or Hood Canal at some point
during the May to August tracking period. Consequently,
Coast birds showed lower fidelity to their capture area, with
48% of coastal birds’ point relocations occurring on the Coast
(�x ¼ 44% points/bird for Coast-captured birds; the remain-
der were in the Strait or Hood Canal). In contrast, 71% and
79% of Hood Canal and Strait birds’ telemetry relocations
occurred within their respective capture site. Thus, in


combination with the high number of birds captured on the
Strait relative to Coast, interior waters were used far more
commonly than coastal waters by radio-tagged murrelets; 4%
of all telemetry points occurred in the Coast study site
compared to 96% in interior waters (i.e., Strait and Hood
Canal combined).
The San Juan Islands in the northeastern part of the Strait


of Juan de Fuca were unusual because they were used by
murrelets from all study areas even though only 2 individuals
(1%) were ever captured there. The San Juan Islands were
used more heavily by tagged murrelets in 2005 and 2007.
Collectively, 17% of telemetry relocations occurred in the
San Juan Islands in those 2 years. Across all years, 37% of
murrelets visited the San Juan Islands (58% and 66% of
individuals in 2005 and 2007, respectively).
We detected breeding for 20 murrelets (12.7%), and


located 19 nest sites. One nest site in a tree was not found
before the nest failed (Wilk et al. 2016). Four murrelets
successfully fledged young (Table 1). We detected no
breeding by Coast murrelets, compared to 17 Strait murrelets
and 3 Hood Canal murrelets. The year 2005 had the highest
percentage of radio-tagged breeders (20%), whereas 2006
had the lowest proportion with only 5% of tagged birds
attempting to breed.


Table 1. Proportion breeders, successful breeders, and the average date of egg-laying among 157 marbled murrelets radio-tracked 2004–2008 in
Washington, USA, and British Columba, Canada.


Year
No. murrelets
radio-tagged No. breeders


Proportion
breeders


No. successful breeders
among all tagged murrelets
(proportion among those


attempting nesting)


Average
ordinal


day for laying


2004 27 3 0.11 1 (0.33) 148
2005 40 8 0.20 1 (0.13) 143
2006 40 2 0.05 1 (0.50) 137
2007 32 5 0.16 0 (0.00) 145
2008 18 2 0.11 1 (0.50) 162


Table 2. Mean, standard deviation, median, and range for kernel and minimum convex polygon (MCP) marine ranges of 138 marbled murrelets radio
tracked 2004–2008 in Washington, USA, and British Columba, Canada. We computed kernels using plugin and least squares cross validation (LSCV)
bandwidth estimators.


95% plugin kernel (km2) 95% LSCV kernel (km2) 95% MCP (km2)


�x SD Median Range �x SD Median Range �x SD Median Range


F (n¼ 78) 979 1,248 555 23–7,835 1,708 2,065 1,000 24–12,071 705 801 417 11–3,738
M (n¼ 60) 890 1,487 257 31–8,749 1,484 2,227 602 43–11,613 723 916 391 18–3,534


Breeders (n¼ 20) 686 640 508 31–2,711 1,203 1,042 1,162 43–4,548 664 592 516 20–2,202
Non-breeders (n¼ 118) 981 1,429 492 22–8,749 1,677 2,251 899 24–12,071 716 884 391 11–3,738


Coast (n¼ 12) 3,378 2,706 2,538 336–8,749 5,700 3,699 5,055 516–12,071 1,826 1,381 1,470 91–3,738
Hood Canal (n¼ 27) 903 1,003 747 37–5,073 1490 1880 1039 45–5,936 637 647 472 18–2,937
Strait (n¼ 99) 938 1,346 322 22–4,187 1,145 1,416 666 24–8,444 592 714 313 11–3,213


2004 (n¼ 20) 793 1,425 182 31–5,073 1,130 1,963 262 43–6,459 338 683 76 20–2,937
2005 (n¼ 37) 1,084 1,052 787 58–4,283 1,959 1,880 1,424 75–8,444 1,000 907 842 46–3,738
2006 (n¼ 35) 740 1,088 239 23–5,293 1,313 1,944 564 24–9,485 422 583 199 11–3,008
2007 (n¼ 30) 1,358 2,009 863 42–8,749 2,281 2,905 1,698 55–12,071 1,104 1,033 804 25–3,534
2008 (n¼ 16) 446 301 336 47–942 780 678 528 50–2,011 379 373 268 27–1,408


All birds (n¼ 138) 938 1,348 487 22–8,749 1,608 2,123 891 24–12,071 708 847 404 11–3,738
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The median date of fish-holding for murrelets on surveys
in our study area was ordinal day 202.5 (�Jul 20). Thus, we
estimated that nest initiation ranged between 24 May
(subtracting 58 days for early nesters) to 21 June
(subtracting 30 days for later nesters) for our study
population. This is within the range of nest initiation
dates estimated by Nelson and Hamer (1995) for murrelets
in Washington (�18 Apr to 1 Aug, with a median of �15
Jun). After correcting for missed breeders (i.e., subtracting
murrelets that were captured after the median range of nest
initiation dates), our corrected estimate of breeding
prosperity ranged from 13.1% if we assume median nest
initiation occurred on June 21, or 20.0% if we assume
median nest initiation occurred on May 24 for this
population.


Marine Ranges
Mean number of marine telemetry locations/bird was
34.3� 15.3 (range¼ 2–71), and we obtained �15 marine
telemetry locations for 138 murrelets for computing ranges
(19 murrelets had <15 locations and were not included in
range analysis). The number of telemetry locations was not
correlated with 95% plugin kernel size (r¼�0.025) or 50%
kernel plugin kernel size (r¼�0.041). Median marine 95%


plugin kernels were 487 km2 (�x ¼ 938km2 � 1; 348km2),
and median 95% MCPs kernels were 404 km2


(�x ¼ 708km2 � 847km2; Table 2).
Ninety-five percent plugin kernels did not differ between


females and males (t137¼ 1.17; P¼ 0.243) or breeders and
non-breeders (t137¼�0.17; P¼ 0.865; Table 2). Although
we observed a significant overall ANOVA (F7, 131¼ 6.46,
P< 0.001) for variation among years and capture sites
(Table 2), Type 3 effects indicated that range size varied only
by capture site (F¼ 25.62, P< 0.001) and not by year
(F¼ 1.73, P¼ 0.146). Plugin kernels were larger for birds
captured on the Coast (�x ¼ 3; 378� 2; 706) than for Strait
(�x ¼ 938� 1; 346) or Hood Canal birds (�x ¼ 903� 1; 003;
Table 2).
We assumed that 50% kernels (Table S1) represented core


areas, similar to Barbaree et al. (2015). Differences in core
areas among groups mirrored those for 95% plugin kernels,
with the only significant differences occurring by capture
site, where again coastal birds had significantly larger core
areas (F12, 126¼ 19.51, P< 0.001). There were no signifi-
cant differences by sex (t137¼ 1.04; P¼ 0.300), breeding
status (t137¼ 0.03; P¼ 0.974), or year (F12, 126¼ 1.30,
P¼ 0.274).


Table 3. Mean, standard deviation, and range of distances (km) between inland nests and sea, nest-sea commuting distances (from least cost path analysis), and
nest fate for 20 breeding, radio-tagged marbled murrelets in Washington, USA and British Columbia, Canada, 2004–2008. Distances represent 1-way travel.


Total nest-sea commute
(terrestrial and marine)


Marine portion of
nest-sea commute


Bird (n)a Sex


Straight-line
distance from
nest to sea �x SD Range


Terrestrial
portion of


nest-sea commuteb �x SD Range Nest fate


2004
021 (63) M 14.6 20.5 3.6 17.4–29.2 16.8 3.7 3.6 0.6–12.4 Successful
562 (31) M 14.0 27.1 8.7 16.8–49.4 15.0 12.1 8.7 1.8–34.4 Failed—nestling
983 (9) F 17.7 35.1 7.8 25.1–46.6 23.8 11.3 7.8 1.3–22.8 Failed—incubation


2005
070 (2) M 22.7 86.9 60.8 43.9–129.9 29.0 57.8 60.8 14.9–100.8 Failed—incubation
141 (26) M 9.9 63.6 4.0 60.0–75.5 11.8 51.7 4.0 48.1–63.7 Failed—incubation
212 (20) F 4.7 89.0 15.7 45.9–138.3 5.1 83.9 15.7 40.7–133.1 Failed—incubation
302 (20) F 37.7 71.9 11.2 45.2–79.7 61.2 (43.4–65.6) 10.7 3.5 1.8–14.1 Failed—nestling
619 (31) M 18.9 86.2 23.3 41.3–103.6 21.8 64.4 23.3 19.5–81.8 Failed—nestling
844 (59) F 8.2 37.2 5.9 18.2–48.3 10.4 26.8 5.9 7.8–37.9 Failed—nestling
853 (16) F 36.7 57.6 3.5 49.7–61.3 47.4 10.3 3.5 2.4–14.0 Failed—incubation
932 (60) M 30.7 69.2 29.2 40.4–127.0 40.4 28.9 29.2 0.5–86.7 Successful


2006
122 (27) M 12.7 48.9 5.3 40.5–58.0 21.5 27.3 5.3 19.0–36.4 Failed—nestling
232 (61) F 7.0 47.6 16.9 21.7–78.0 8.6 38.9 16.9 13.0–69.3 Successful


2007
161 (18) M 20.4 42.7 7.4 34.2–53.0 33.6 9.0 7.4 0.6–19.4 Failed—incubation
211 (8) M 14.2 74.8 29.1 28.0–97.0 19.1 55.7 29.1 8.9–77.9 Failed—incubation
295 (24) M 24.1 39.3 9.3 29.3–60.2 28.0 11.4 9.3 1.3–32.2 Failed—incubation
382 (27) M 3.9 51.9 13.8 25.3–62.7 4.1 47.9 13.8 21.3–58.7 Failed—incubation
520 (66) M 21.6 53.9 18.7 33.2–93.8 31.3 22.6 18.7 1.8–62.5 Failed—nestling


2008
258 (27) M 57.9 124.4 7.1 117.9–145.3 84.3 40.1 7.1 33.6–61.0 Successful
346 (28) M 20.3 27.1 1.8 24.3–31.7 22.5 4.6 1.8 1.8–9.2 Failed—nestling


All birds (623) 19.9� 12.5 53.1 28.4 16.8–145.3 24.9� 19.6 (4.1–84.3) 28.1 24.6 0.5–133.1


a n is sample size of commutes for each individual. We only computed it when individuals were located on the water, which was not always possible. Thus n
varies even for birds with similar nest fates.


b For all but 1 individual, nest-sea commuting distance did not vary because the same terrestrial path was presumably taken on every commute. One individual
(bird 302) that nested in the interior of the Olympic Peninsula foraged both in the PacificOcean (to the west) and in the Strait of Juan de Fuca (to the north)
and thus had 2 different terrestrial paths estimated.
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LCP Analysis—Nest to Sea
Among 20 breeding murrelets, the mean nest-sea commut-
ing distance (i.e., nest-sea LCP) was 53.5� 28.4 km
(Table 3) and ranged from 16.8–145.3 km. The straight-
line distance from nest to sea was on average 19.9 km
(�12.5 km; range¼ 3.9–57.9 km), or 5.0 km shorter on
average than the terrestrial portion of the nest-sea commute
distance calculated by our LCP analysis (Table 3).
The marine portion of the nest-sea commute


(�x ¼ 28:1� 24:6 km; median¼ 21.4 km) was similar to
the terrestrial portion (�x ¼ 24:9� 19:6 km; median¼ 22.5
km), although this varied by individual. The longest
terrestrial commute of 84.3 km occurred for murrelet number
258, which nested within the Cascade Range and foraged in


Puget Sound. This individual successfully fledged his young
with an average nest-sea commute of 124.4 km (Table 3).
The longest marine commute of 133.1 km occurred for a


failed breeder, murrelet number 212 (Table 3), which nested
4.7 km fromshore onVancouver Island,Canadabut foraged at
times in the San Juan Islands (total 1-way commute of
138.3 km). Four other individualswith longmarine commutes
(>60 km 1-way) due to foraging trips to the San Juan Islands
included bird 932 (in 2005; successful), bird 619 (in 2005,
failed), bird 211 (in 2007; failed), and bird 520 (2007; failed).
These 4 individuals nested on the Olympic Peninsula. Other
long marine commutes were associated with foraging in
Admiralty Inlet by birds that nested in the eastern Olympic
Mountains (birds 080 in 2005 and 141 in 2005; Table 3).


Figure 3. Cumulative upwelling index (m3/s/100m; A) and upwelling anomalies (B) for northwesternWashington, USA, (1258W450 N; www.pfel.noaa.gov)
during the months and years (Apr–Aug 2004–2008) that we radio-trackedmarbledmurrelets in northwesternWashington and southwestern British Columbia.
Cumulative upwelling index (CUI) is shown beginning on the mean day of spring transition for this location, estimated from the date of the minimum CUI in
each year, 1967–2013.


Figure 4. Comparison of 95% plugin kernels for marine ranges by year and capture site (Pacific Coast [Coast], Hood Canal, and Strait of Juan de Fuca [Strait])
for 138 radio-tracked marbled murrelets (boxplots) plotted against the cumulative upwelling index (CUI; m3/s/100m) at the end date of each field season
(�ordinal day 223; gray dotted line), 2004–2008, northwestern Washington, USA. Box plots show maximum (top whisker), minimum (bottom whisker), first
and third quartiles (top and bottom line of box), and median (center line of box). Sample sizes of murrelets by year and capture site, for which we estimated 95%
plugin kernels, are indicated above each plot.
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Oceanographic Effects
In 2005, the date of physical spring transition (date of min.
upwelling index value for year), which generally corresponds
to the beginning of the upwelling season, was delayed by
39 days and occurred on ordinal day 142 (�May 22)
compared to the 49-year mean of ordinal day 103 (�Apr 13)
off the coast of Washington. Thus, the CUI in 2005
continuously lagged behind the CUI for other years of this
study, even in June and July (Fig. 3). The upwelling anomaly
was also pronounced in 2005 (Fig. 3), with the strongest
negative effects occurring in May Upwelling anomalies
indicated that 2007 was also an unusual year, with relatively
strong negative anomalies in June and July. The year 2006
showed strong positive anomalies (e.g., increased upwelling)
compared to other years (Fig. 3).
As noted above, 2006 with the strongest positive anomalies


had the lowest proportion of breeders (5%). Conversely,
2005 and 2007, in which large negative upwelling anomalies
were observed, were years in which the highest proportion of
murrelets attempted to breed in our study (20% in 2005 and
16% in 2007; Table 1). The years 2005 and 2007 were also
associated with larger murrelet range sizes, when pooling all
murrelets together (Table 2). However, this effect was
somewhat confounded by unequal sampling effort, because
murrelets on the Coast, which consistently had larger ranges
than murrelets in the Strait and Canal, were only tracked
from 2005–2007.When considering yearly variation in range
size by capture site (Table S1), there was no clear pattern of
range size increasing in months and years of upwelling
anomalies. Murrelets on the Coast had large ranges in May
and June 2005, corresponding to upwelling anomalies in
those months and years, but not in June and July 2007
(Table S1). Murrelets radio-tagged in the Strait of Juan de
Fuca had consistently small ranges across all months and
years of study compared to Coast birds (Fig. 4).


LCP Analysis—Marine
We computed marine LCPs for all marine locations and for
all murrelets with �2 telemetry points recorded (n¼ 153).
We eliminated 14 marine LCPs that were separated by >8
days. Among the remaining 4,932 marine LCPs, the
median time between consecutive points was 1.04 days
(�x ¼ 1:39� 0:96; range¼ 0.11–8.33 days) and LCP dis-
tance was not correlated with the minutes between points
(r¼ 0.0679). On average we obtained 32.32 marine LCPs/
bird (�14.51; median¼ 33.00, range¼ 3–68). Median
marine LCP distance was 4.18 km (�x ¼ 10:43� 16:93;
range¼ 0.00–224 km).
We did not observe differences in marine LCPs between


females (�x ¼ 13:3� 9:6 km) andmales (�x ¼ 11:5� 8:2 km;
t137¼ 1.14; P¼ 0.257), or breeders (�x ¼ 12:3� 6:0 km) and
non-breeders (�x ¼ 12:6� 9:5 km; t137¼�0.56; P¼ 0.580).
We separately computed the mean marine LCP for breeding
murrelets during different stages of their nesting cycle
(Table 4). Marine LCPs did not differ by nesting stage
(F3, 33¼ 1.97, P¼ 0.14; Fig. 5). Least squared means (�SE)
for LCPs were 8.37� 0.15 km (n¼ 17 murrelets),
8.42� 0.15 km (n¼ 19 murrelets), 8.67� 0.20 km (n¼ 11T
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murrelets), and 8.96� 0.25 km (n¼ 9 murrelets) for the pre-
breeding, incubation, nestling, and post-breeding stages,
respectively. We did not have a large enough sample of
breeders each year to look at among-year differences in
marine LCPs by breeders.
The best-supported model explaining variation in marine


LCPs from among those we considered was the global model
(Table 5). Parameter estimates that did not overlap 0 (i.e.,
significant parameter estimates) included 1 continuous
variable, cSST, and 4 indicator variables: Coast capture
site, Hood Canal capture site, Strait capture site, and Coast
point site (Table 6). Our analysis indicated that holding all
other parameters constant, a 1-degree increase in cSST
corresponded to a 1.08-km increase in distance traveled
by murrelets between consecutive marine locations. Inter-
pretation of categorical variables was more complicated.


Significant parameter estimates for Hood Canal and Strait
indicated that model fit would be improved if separate
models with separate intercepts were fit for those groups;
given results from a 2-way ANOVA that showed home
ranges differed by capture site, this suggests that movements
may differ by capture site. Significant and positive parameter
estimates for Coast capture site and Coast point site
(Table 6) indicate that movements of murrelets increase
when on the coast, regardless of an individual’s capture site,
but are also greater for individuals that were trapped on the
coast.
Residuals plots indicated that the model assumptions were


not violated. However, measures of goodness of fit indicated
somewhat poor model performance. There was little
correlation between predicted and actual values on average
(r¼ 0.215). The RMSE, an indication of the standard
deviation between predicted and actual values, was 24.5 km.
Thus, although the global model ranked higher than others
that we considered, variation in marine LCPs by murrelets
could be largely associated with factors we did not measure.


DISCUSSION


Murrelet Breeding Propensity
The breeding propensity of radio-tagged marbled murrelets
in this study (0.131–0.200) is the lowest reported in a
murrelet population that we are aware of. Across 6 past
studies that we reviewed, breeding propensity from radio-
tagged murrelets ranged from 0.23 in Clayoquot Sound,
British Columbia (McFarlane Tranquilla et al. 2005) to
0.58–0.65 in Alaska (Hull et al. 2001, Bradley et al. 2004). In
Peery et al. (2004), breeding propensity was 11% in 1 year but
rebounded to 50% in the following year. In contrast, over the
5 years of our study, the proportion of breeders was never
higher than 16% in a given year, suggesting low rates of
breeding were not a 1- or 2-year response to temporarily poor
ocean conditions. In our study, the year 2006 had the lowest


Figure 5. Comparison of distance between consecutive marine telemetry
relocations (usually obtained daily, and computed from least-cost path
[LCP] analysis) for non-breeding (white boxes) and breeding (gray boxes)
radio-tagged marbled murrelets during the pre-breeding, incubation,
nestling, and post-breeding period, in northwestern Washington, USA,
and southwestern British Columbia, Canada, 2004–2008. Box plots show
the interquartile range� 1.5 (whiskers), first and third quartiles (top and
bottom line of box), median (center line of box), and mean (� symbol).


Table 5. Support for models explaining variation in marine least-cost path (distance between consecutive marine locations [usually obtained daily]) for
marbled murrelets in Washington, USA, and British Columbia, Canada, 2004–2008.


Modela AICc
b Di


c wi
d


Global (pSST, cSST, pchlor, cchlor, CUI, capturesite, CUI� capturesite, pointsite, CUI�pointsite) 17,517.43 0 0.779
pSST, cSST, pchlor, cchlor, CUI, capturesite, CUI� capturesite 17,521.78 4.35 0.089
cSST, cchlor, CUI, capturesite, CUI� capturesite 17,521.79 4.36 0.088
cSST, CUI, capturesite, CUI� capturesite 17,523.41 5.98 0.039
Capturesite, cSST 17,527.68 10.25 0.005
Pointsite 17,542.57 25.14 <0.001
CUI, pointsite, CUI� pointsite 17,543.76 26.33 <0.001
cSST 17,546.62 29.19 <0.001
CUI, capturesite, CUI� capturesite 17,552.13 34.70 <0.001
CUI, capturesite, CUI� capturesite, cchlor 17,552.85 35.42 <0.001
Capturesite 17,554.23 36.80 <0.001


a cSST¼ sea surface temperature (8C) measured at each location in the current month; capturesite¼ categorical variable for whether a murrelet was captured
in the Coast, Strait, or Hood Canal study site; CUI¼ daily cumulative upwelling index (m3/s/100m); cchlor¼ concentration of chlorophyll-a (mg/m3) at
each location in the current month; pSST¼ sea surface temperature (8C) measured at each location in the previous month; pchlor¼ concentration of
chlorophyll-a (mg/m3) at each location in the previous month; pointsite¼ categorical variable for whether a telemetry relocation occured in the Coast, Strait,
or Hood Canal study site.


b AICc¼Akaike’s Information Criterion corrected for small sample sizes.
c Di¼Akaike’s Information Criterion relative to the highest ranked model.
d wi¼Akaike weight.
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rate of breeding, with only 5% of murrelets attempting
breeding in that year.
Breeding propensity in our study possibly was higher than


detected by radio-telemetry. There are 2 reasons proposed
in past studies that transmitters may underestimate
breeding propensity. First, radio-tracking may be initiated
after adults had started, but failed in their nesting attempts.
McFarlane Tranquilla et al. (2005) reported that radio-
telemetry missed breeding attempts in Clayoquot Sound,
British Columbia, because murrelets could not be effectively
captured during the early breeding stages. If this is the case,
successful nesting is rare in our population because birds
that nested earlier should have been feeding nestlings
during the early parts of our tracking period. However, we
feel it is unlikely that we missed breeding because
observations of fish-holding murrelets during 14 years of
surveys in our study area indicate that nest initiation fell
within the time frame of our telemetry tracking. In our
study area, fish-holding was observed by surveyors from 8
June to 13 August 1998–2012, which equates to nest
initiation from 24 May to 21 July. This corresponds to the
peak of our telemetry tracking effort.
A second possibility is that the process of capturing and


radio-tagging murrelets negatively affected breeding (Brad-
ley et al. 2004). Without measuring blood vitellogenin
(Vanderkist et al. 2000, McFarlane Tranquilla et al. 2003b),
most past telemetry studies have not been able to compare
breeding propensity of tagged and non-tagged murrelets
because nests of untagged murrelets are difficult to locate in
large numbers, and other cues such as brood patches, fish-
holding behavior, and pairing status on the water have
inherent biases (McFarlane Tranquilla et al. 2003a, c).


Survival estimates from Peery et al. (2006) suggest that tags
may negatively affect murrelet survival and thus tags may also
affect breeding propensity. However, with the exception of
1 study (Hebert and Golightly 2006, 2008) the methods used
in our study to capture and tag murrelets were similar to
those in the aforementioned telemetry studies that reported
higher breeding propensity. Thus, it seems unlikely that
murrelets were negatively affected by handling in our study
compared to other studies that used telemetry to estimate
breeding propensity. Yet another consideration is that
transmitter weight negatively affected murrelet breeding
propensity because transmitters in our study were 0.3–1.4 g
heavier (3.3 g total) than those used in past studies
(transmitter weight range¼ 1.9–3.0 g; Hull et al. 2001,
Bradley et al. 2004, Kuletz 2005, McFarlane Tranquilla et al.
2005, Hebert andGolightly 2008, Peery et al. 2009, Barbaree
et al. 2014). Vandenabeele et al. (2012) theorized that
transmitter weight may disproportionally negatively affect
alcids compared to other seabirds. However, we feel this
explanation for low breeding propensity is also unlikely
because the transmitters used in our study were 1.1–1.9% of
body mass (�x=1:5%), which is below the 3–5% mass limit
tested by Vandenabeele et al. (2012).
If the breeding propensity we documented with radio-


transmitters reflects actual breeding propensity in this
population, additional studies are needed to identify the
cause. Losses in nesting habitat over the last century may
have contributed to or caused low breeding propensity.
Although long-term survival data are lacking, murrelets are
considered long-lived birds (Peery et al. 2004, Gutowsky
et al. 2009). Therefore, individuals hatched many years ago
may have lost nesting habitat for breeding, but are still
persisting in the population. Poor marine conditions may
also enable adults to survive but with insufficient energy
reserves to attempt or succeed at breeding, as was found by
Peery et al. (2004) in some years in central California. For the
region encompassing our study area in Washington, such
conclusions are supported by stable isotope analyses by
Norris et al. (2007) and Gutowsky et al. (2009), which show
murrelet diet and productivity have declined in the last
100 years throughout the Salish Sea.


Nest-Sea Commuting
Breeding murrelets in our study generally commuted greater
distances between nest and at-sea locations than those in other
studies, indicating that despite the aforementioned possible
effects of transmitters on breeding propensity, transmitters did
not limit murrelet movements. Past studies have reported
maximum, 1-way nest-sea commuting distances of approxi-
mately 111 km (Burns et al. 1994), 124 km (Whitworth et al.
2000), 60 km (Kuletz 2005), 102.3 km (Hull et al. 2001), and
94.2 km (Barbaree et al. 2015), compared to the maximum of
145.3 km inour study. Fourof 20breeders inour study traveled
greater distances than the previous reported maximum
distance (124 km) from nests to sea.
Nesting habitat is reportedly much reduced in our study


area compared to pre-1900 levels (Perry 1995) and this likely
contributes some to long commutes. However, reductions in


Table 6. Parameter estimates and 95% confidence intervals for the best-
supported model explaining variation in marine least-cost path (LCP)
distance (km) between consecutive locations (usually obtained daily) for
marbled murrelets in northwestern Washington, USA, and southwestern
British Columbia, Canada, 2004–2008.


Parametera Estimate Lower CI Upper CI


Coast capture site 8.079 7.578 8.581
Hood Canal capture site 7.702 7.246 8.158
Strait capture site 7.646 7.209 8.082
pSST �0.003 �0.043 0.038
cSST 0.084 0.047 0.121
pchlor �0.001 �0.002 0.000
cchlor �0.001 �0.003 0.000
CUI 0.000 �0.001 0.002
Coast capture site�CUI 0.002 �0.001 0.006
Hood Canal capture site�CUI �0.003 �0.005 0.000
Strait capture site�CUI 0.001 �0.001 0.003
Coast point site 0.409 0.132 0.685
Hood Canal point site �0.130 �0.370 0.111
Coast point site�CUI 0.001 �0.003 0.005
Hood Canal point site�CUI 0.000 �0.003 0.004
Strait point site�CUI �0.001 �0.002 0.001


a pSST¼ sea surface temperature (8C) measured at each location in the
previous month; cSST¼ sea surface temperature (8C) measured at each
location in the current month; pchlor¼ concentration of chlorophyll-a
(mg/m3) at each location in the previous month; cchlor¼ concentration
of chlorophyll-a (mg/m3) at each location in the current month; CUI¼
daily cumulative upwelling index (m3/s/100m).
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nesting habitat should only lead to long terrestrial commutes,
whereas murrelets in this study traveled equally long distances
over water. It follows that if longer than average terrestrial
commutes indicate degraded nesting habitat that force
murrelets to travel far to nesting habitat (Ralph et al. 1995),
long marine commutes may indicate poor foraging habitat.
Thirteen of 20 breeders traveled greater distances over water
than over land at some point during their nesting cycle,
sometimes far greater distances over water (e.g., murrelet with
the longest marine commute of 133.1 km that nested within
4.7 km of the sea). This collectively may point to poor marine
habitat in this region, or at least marine habitat that is less
productive than other parts of the murrelet’s range. It
corroborates conclusions from Norris et al. (2007) and
Gutowsky et al. (2009) that present-day marine productivity
within the Salish Sea is poor, and has negatively affected
marbled murrelet populations. It is further supported by data
showing that the number of murrelets/ha of nesting habitat is
>10 times lower inWashington than in southeastern Alaska,
and is lower than in California and Oregon (M. G. Raphael,
Forest Service, unpublished data).


Marine Ranges and Movements
Like marine commuting distances of breeding murrelets,
marine ranges of murrelets for breeding and nonbreeding
murrelets were greater in our study than reported previously.
Barbaree et al. (2015) reported mean LSCV kernel ranges of
127 km2 for murrelets in Alaska, which was almost an order
of magnitude smaller than the mean plugin kernel ranges of
938 km2 for murrelets in this study. Hebert and Golightly
(2008) reported mean MCP ranges of 505 km2 in northern
California, compared to 708 km2 for our study. Our
estimates are also much larger than the marine MCPs of
143 km2 (computed using slightly different methods) by
Kuletz (2005) for murrelets in Alaska. Some caution should
be exercised when comparing ranges among studies because
small differences in methodology or software can result in
differences in range size (Laver and Kelly 2010). Neverthe-
less, nest-sea commuting distances and LCPs were also
greater in our study than in past studies. Because these
measures should be less affected by methodological or
software differences, they are more directly comparable
across studies. All the factors we measured (nest-sea
commuting distance, marine kernels, and marine MCPs)
were greater in our study than previously reported. Thus,
numerous lines of evidence indicate that murrelets in
Washington are moving greater distances in the marine
environment than murrelets in other populations, even if the
magnitude of the difference is difficult to quantify.
Building on observations discussed in the preceding


section, these large marine ranges suggest subpar marine
conditions within our study area. Habitat quality and food
availability are influential factors in animal ranging behavior,
and larger ranges often occur in poorer habitat because
animals are required to traverse larger areas to locate food
(Brown and Orians 1970). Although this hypothesis has not
been specifically tested for marbled murrelets and factors
other than prey availability can affect murrelet space use


(Burger et al. 2008), coupled with the low breeding
propensity (13%), low nest success (1.5%), and long marine
commutes by breeders (up to 133 km), the large marine
ranges in our study indicate that marine conditions may be
poor for murrelets in this population, in addition to declines
in terrestrial habitat noted in many past studies. If this is the
case, murrelets may be forced to travel greater distances than
other populations to locate food for sustaining themselves or
raising young during the breeding season, in addition to the
large travel distances overland required to find nesting sites.


Oceanographic Effects
Many past studies have explored a hypothesis that
oceanographic conditions that influence prey availability
(e.g., SST, upwelling conditions, and chlorophyll-a) can be
used to understand seabird movements and breeding
(Bertram et al. 2002, Gjerdrum et al. 2003, Ronconi and
Burger 2008, Borstad et al. 2011). In this study, we modeled
daily marine movements by murrelets as a function of SST,
cumulative upwelling index (CUI), and chlorophyll-a but
found no strong associations. We found some indication that
murrelet movements were shorter in cooler waters, indicating
that cooler water may provide higher abundances of prey,
similar to some past studies (Barrett 2008). It also appears
that murrelets have greater movements when in the Pacific
Coast study site, suggesting that the Pacific Coast may have
more sparsely distributed prey, or poorer foraging conditions
than the interior study areas. Future studies on prey
occurrence are needed to verify if this is the case.
The absence of any CUI effect was somewhat surprising


because of a strongly delayed upwelling in 2005 and a
moderately delayed upwelling in 2007. During this unusual
upwelling event, other studies reported that the delayed
upwelling negatively affected many marine processes such as
recruitment of intertidal organisms (Dorman et al. 2011),
anchovy larval growth (Takahashi et al. 2012), and Cassin’s
auklet (Ptychoramphus aleuticus) breeding (Sydeman et al.
2006). For the marbled murrelet specifically, Ronconi and
Burger (2008) reported reduced productivity in southwest
Vancouver Island, as measured from ratios of adults to
juveniles at sea, which they linked to this delayed upwelling.
Although our modeling analysis only considered the effect


of ocean conditions on movements, the limited information
that we have on breeding propensity and nest success also
suggests that delayed upwelling did not substantially affect
breeding by murrelets in our study. The year 2005 had the
numerically highest rate of breeding propensity for our
tagged murrelets. Nest success was consistently low in all
years of this study, and ranged from a low of 0 in 2007 to 0.05
in 2008. Murrelets possibly compensated for the change in
ocean conditions by switching prey, similar to observations of
common murres (Uria aalge) in this region (Schrimpf et al.
2012), and this did not require changes in the overall amount
of space used or breeding behavior. The lack of any upwelling
effects may also be partially explained by the heavy use of
tidally driven, more interior marine waters (i.e., Strait of Juan
de Fuca and Hood Canal) by murrelets in our study, where
effects of upwelling may have been mitigated by factors such
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as runoff from terrestrial sources. However, even for birds
that were captured on the coast, we found no evidence of
CUI effects on movements or ranges. Our sample size of
murrelets on the Coast may have been too small (n¼ 12) to
document effects due to upwelling. Also, oceanographic
predictors may have performed poorly because murrelets
were foraging several trophic levels above the phytoplankton
that would have been directly influenced by changes in SST
or chlorophyll. Murrelets may have been buffered against
some of the direct effects of changing ocean conditions
(Schwing et al. 2006), and the prey used by murrelets may
not have been affected by the upwelling event in the areas
where they foraged. To assess these possibilities, future
studies are needed that directly measure forage fish used by
murrelets inWashington, and their abundance and responses
to variable ocean conditions. Such direct measures of
murrelet prey may better explain variation in murrelet space
use and breeding in this region.


MANAGEMENT IMPLICATIONS


We encourage additional studies to more thoroughly test
whether marine areas in Washington are poorer in quality
than those used by other murrelet populations, and suggest 3
information gaps on which additional research is needed: 1)
identification of specific prey species and differential use of
these prey by murrelets in different parts of our study area
and in different times of year, especially by successful
breeders; 2) measures of the abundance and distribution of
these prey; and 3) models of how these prey respond to
changes in ocean conditions. Although past stable isotope
and hydroacoustic studies have advanced our knowledge in
many important dimensions, they are generally too coarse to
track fine-scale among-year (Bertram et al. 1991, 2002;
Hedd et al. 2006; Schrimpf et al. 2012), among-site (Bertram
et al. 2002), or among-individual (Golet et al. 2000)
differences in foraging that have been found in seabirds and
that can affect breeding success.
Until such research is conducted, our results suggest that


efforts to improve the health of marine food webs in the
Salish Sea and along the Pacific Coast would benefit
murrelets in this region. Given the relatively long over-land
commutes by breeding murrelets in our study, we also
encourage measures to protect and enhance terrestrial
nesting habitat closer to sea. This will require protecting
nesting habitat on state and private lands, because the federal
lands in Washington are already protected under the
Northwest Forest Plan. Without improvements to both
marine and terrestrial habitat, the low reproductive output of
this population may continue and contribute to further
declines of marbled murrelets in this region.
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for marbled murrelet. 

Prepared by Craig Loehle and Jake Verschuyl 

Re: Request for information in support of the ODFW state listing review for marbled murrelet.  

To Whom It May Concern: 

The National Council for Air and Stream Improvement, Inc. (NCASI) is a non-profit 
organization that serves the forest products industry as a center of excellence for providing 
technical information and scientific research needed to achieve the industry’s environmental 
goals and principles.  NCASI (http://www.ncasi.org) has a long history of research investigating 
habitat relationships of forest-associated species and has collaborated with state and federal 
agencies, universities, and others on studies investigating large ungulates and other mammals in 
managed forests.  Because NCASI is interested in developing cost-effective measures for 
conserving species such as the marbled murrelet, we offer the following literature summary 
related to the population of this species in Oregon. 
  
Summary  

 
Marbled murrelet population trends derived from at-sea monitoring efforts suggest 

populations in zones 2-5 are not declining. Zone 4, spanning the S. Oregon and N. California 
coasts, recorded an increase in population from 2001-2015 of 3.0% annually (unpublished data 
USFWS).  New literature (Lorenz et al. 2017 encl.) suggests that greater distances of at-sea 
movement in near-coastal Washington may be indicative of poor foraging resources in recovery 
Zone 1.  Marbled murrelet population trends derived from at-sea monitoring efforts in zone 1 
may partially reflect movement of individuals to and from Canada.  This is best evidenced by 
highly volatile population numbers from year to year, especially in zone 1.  In considering 
nesting habitat, Maxent models are based on highly unreliable gradient-nearest-neighbor (GNN) 
spatial data.  Given this, the large number of variables in the models, and the small set of training 
data, the high AUC values may be over-estimating habitat model goodness.  This conjecture is 
supported by low correlation over time in nesting habitat area and murrelet trends.   
 
2. Population Trends 
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The only portion of the at-seam monitoring effort associated with the NWFP reporting 

population decline is zone 1 (Puget Sound and the strait of San Juan de Fuca).  However, the 
populations in zone 1 are located in waters between the US and Canada.  It is likely (M. Raphael, 
pers. communication, 2016) that large fluctuations in this zone are being caused by movements 
of foraging birds to and from Canada where attempts to quantify nesting habitat trends have not 
been completed.  For example, the population in zone 1 went from 4,393 in 2010 to 7,187 in 
2011, a 64% increase.  This rate of increase is simply impossible for a species that lays one egg 
per year with many non-breeders, and less than 100% nest success.  If large fluctuations in zone 
1 are not due to habitat on land but perhaps to forage fish shifts in space, then zone 1 trends are 
not representative.  To test this, we extracted data from Falxa, Lynch et al. (2016).  Data could 
only be used up to 2013 because zones 3 and 4 were not both measured after that.  Zone 5 has 
comparatively low populations size and was not sampled every year.  The plot for zones 2-4 
combined shows much lower variability than individual zone plots.  The trend (Fig.1) is not 
different from zero (-0.0019% of the intercept in year 1).  Thus, the downward trend in zone 1 is 
the cause of perceived population declines for murrelets as a whole, but this trend is likely 
affected by ocean conditions causing Canadian birds to come and go in an irregular fashion. 
 

2. Nesting Habitat Models  

 
A critical habitat feature for management of murrelets is the identification of nesting habitat 

and ascertaining the extent to which it is limiting.  For this purpose, habitat suitability models for 
nesting areas were developed (Falxa and Raphael 2016) as part of the Northwest Forest Plan 
review.  The underlying spatial data and habitat models for murrelet nesting are not sufficiently 
reliable for their intended purposes.   

 
The underlying spatial data were constructed as part of a larger effort.  Wall-to-wall satellite 

data were calibrated using a GNN algorithm based on FIA plots.  Variables were derived such as 
conifer canopy cover.  The first problem, previously documented by Loehle et al. (2015) and 
Loehle and Irwin (2015), is that ground truthing of the GNN data gives less than inspiring 
results.  For example, for the 11 variables used for murrelet nesting models, only 9, 9, 3, and 1 
had a correlation >0.70 (barely adequate) for WA Coast Range and Cascades, OR Coast Range, 
OR & CA Klamath, and CA Coast Range, respectively.  A more reassuring correlation of >0.80 
was achieved by 0, 2, 0, and 0, for these same regions.  Most statistical techniques assume that 
error in the independent variables is small enough to be ignored.  However, with this degree of 
uncertainty in the underlying independent GNN variables, it is unclear that any reliable results 
can be obtained.  This effort ignores this fundamental statistical issue.   

 
The GNN data were used to derive a Maxent habitat model based on nest site and occurrence 

data.  The latter reflect cases where the exact nest site could not be located.  Based on visual 
counts from Fig. 2-2 in Falxa and Raphael (2016), there are approximately 80, 70, and 80 sites in 
WA, OR and CA, respectively.  Since some of these sites fall virtually on top of others, perhaps 
representing birds nesting in adjacent trees (though distance is impossible to judge from the 
map), the number of independent sites may be less.  With the addition of three climate variables 
to the GNN set, 15 variables are used to derive the model.  This represents only 4.7 to 5.3 sample 
points per variable (or less) or a very much reduced number of degrees of freedom.  Loehle et al. 
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(2015) and Loehle and Irwin (2015), when assessing very similar models for the northern spotted 
owl (Strix occidentalis caurina), concluded that models developed like this are dubious and not 
suitable for management purposes.  With this confounding and small sample size, the high AUC 
values are not a guarantee of accuracy.  This issue is further exemplified by the review of 
murrelet nesting success (Plissner et al. 2015, p. 51) which indicated that variables used in the 
Maxent models were often not predictive of nesting success and furthermore that various studies 
gave conflicting results for other variables.   

 
In Table 3-3 in Falxa and Raphael (2016), temporal correlations with oceanic and nesting 

habitat (from Maxent) are shown.  Zone 1 is low at 0.35, Zone 2 is good, but Zones 3-5 are 
essentially zero.  This could occur if nesting habitat was not changing over time, but one of the 
claims is that murrelet nesting habitat decline is the cause of their population decline.  This result 
does not support that proposition for 4 of 5 zones.   

 
In a recent analysis (Nelson et al., in review) tree-climbing data from known occupied stands 

was used to assess nest site selection of MAMUs at three spatial scales: platform; tree; and patch 
(0.2 ha).  All three branch/platform scale covariates positively predicted nest occupancy with 
higher probabilities of nesting occurring at branches/platforms with higher horizontal cover, 
larger platform diameters, and higher moss cover.  Tree scale characteristics associated with 
higher probabilities of nesting included higher platform counts and higher moss depth.  The 
effect of tree dbh on probability of nesting was unclear.  At the patch scale, lower probability of 
nesting occurred for stands with higher densities of trees with platforms, suggesting there may be 
behavioral limitations for marbled murrelets using adjacent available habitat (predator avoidance 
for example).  Variation in tree size and canopy cover were not likely to be driving nest selection 
at the patch scale (Nelson et al., in review.).  All three branch/platform scale covariates 
positively predicted nest occupancy with higher probabilities of nesting occurring at 
branches/platforms with higher horizontal riving nest selection at the patch scale. 

 
3. Cause of Declines 
 

The primary thrust of conservation efforts has focused on preventing loss of old forest.  
While some loss of old forest has continued, the rate is much less than the rate of decline of 
murrelets.  Further, any robust quantification of habitat change should also include habitat 
recruitment during the same period.  Despite reported habitat loss, there is no decline of 
murrelets across zones 2-4, and even increases in zone 4.  Given the number of pre-harvest 
surveys conducted with no presence of murrelets, we can assume that not all nesting habitat is 
occupied.  If that is the case, we must logically infer that across most, nesting habitat is not 
limiting in many areas, and the claim that declines in nesting habitat is driving contemporary 
changes in population estimates derived from at-sea monitoring cannot be supported.  The 
previous section noted the poor correlation of change in modeled nesting habitat area vs. change 
in at-sea monitoring murrelet population estimates, which supports this point.  It has also been 
suggested that prey type and abundance declines may be a contributor to murrelet decline.  Falxa 
and Raphael (2016, Fig. 3-7) show, for example, that over the years 2003-2011 for limited 
sections of coastline in OR & WA, changes in relative abundance of foraging murrelets closely 
tracked foraging fish declines.   

 



- 4 - 

…environmental research for the forest products industry since 1943 
 

An evaluation of poor murrelet reproduction in central California suggested that reproduction 
was limited by food availability in some years and high nest predation in others; in addition, nest 
site availability was not a limiting factor (Peery et al. 2004).  Other studies suggested availability 
of high quality marine foraging habitat and forage fish affects murrelet breeding success and 
population growth (Peery et al. 2004, Becker and Beissinger 2006, Becker et al. 2007, Norris et 
al. 2007).  Murrelet diet quality has been recently studied to ascertain its effect on reproductive 
success.  Becker and Beissinger (2006) and Norris et al. (2007) found that with a decrease in 
prey resources, murrelets fed on mid- to lower trophic level prey species, and suggested that this 
“feeding further down” on the food web may be partly responsible for poor murrelet 
reproduction.  Becker et al. (2007) documented that cooler local ocean temperatures increased 
krill and juvenile rockfish availability to murrelets, thereby improving reproductive success.  
Sometimes, explanations for low reproductive success are not so obvious, as Barbaree et al. 
(2014) documented a low reproductive success despite plenty of nesting habitat and excellent 
foraging.  Lorenz et al. (2017) describes marbled murrelets moving much greater distances 
(foraging movements) in coastal Washington State than has been shown in more northerly 
portions of their range. Marine habitat use was related to factors that may be correlated with prey 
abundance, such as lower surface water temperature and higher level of chlorophyll-a. 

 
As noted by Raphael et al. (2016), “[o]ne would expect a long-lived species like the murrelet 

to exhibit a lag in population response to declining habitat”. In other words, any trend in 
population (up or down) influenced by terrestrial habitat, would logically be in response to 
earlier trends in nesting habitat and reproductive success, not current conditions, with the 
majority of murrelet population persisting at sea. Thus, while contemporary trends in terrestrial 
nesting habitat may appear to be correlated to murrelet population trends in in some regions, 
causation is not apparent, and the lack of a temporal delay may suggest the need for caution with 
this interpretation. 

 
As of the 2012 estimate, about 60% of all higher quality potential nesting habitat occurred 

within designated reserves on federal lands. This figure is expected to increase going forward as 
forests age.  Falxa and Raphael (2016) state “[t]he large amount of younger forest of lower 
suitability located in reserves has the potential to offset habitat losses over time”, cautioning that 
this should be verified by future investigation. The authors also note “[a]s evidenced by the high 
proportion of currently suitable nesting habitat that occurs within reserved land use designations, 
the NWFP has been successful in conserving murrelet habitat on federal lands”. While not 
quantified here, it stands to reason that non-federal lands may also play an increasing role in 
providing terrestrial nesting areas as forests mature. 

 
4. Conclusions 
 

Based on available data, terrestrial habitat does not appear to be limiting murrelets. Only the 
zone 1 (Puget Sound) population shows declines in relative abundance, but high variability in 
population estimates for zone 1 suggest that it is not a closed population.  The total population in 
zones 2-4 shows no downward trend, with zone 4 showing an increase of 3% per year as of 2015.  
There is no reason to believe murrelet habitat is limiting or in decline in coastal Oregon.  Further, 
the link between habitat acreage and contemporary population trend information is weak.   
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Figure 1.  Trend for zones 2-4.  Slope is not different from zero (-0.0019%/yr based on 
intercept of linear fit). Data from Falxa, Lynch et al. (2016). 
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From: Christina E Donehower
To: odfw.marbledmurrelet@state.or.us
Subject: FW: Response to ODFW Murrelet Information Request
Date: Friday, April 07, 2017 4:06:15 PM
Attachments: Final_Mamu_Policies_August28_2013.pdf

 
 

From: MANNIX Rosemary * ODF [mailto:Rosemary.MANNIX@oregon.gov] 
Sent: Monday, April 03, 2017 3:54 PM
To: DONEHOWER Christina E <Christina.E.Donehower@state.or.us>
Cc: KRAHMER Rod W <Rod.W.Krahmer@state.or.us>; PALAZZOTTO Nick * ODF
 <Nick.PALAZZOTTO@oregon.gov>; MANNIX Rosemary * ODF <Rosemary.MANNIX@oregon.gov>;
 WEIKEL Jennifer * ODF <Jennifer.Weikel@oregon.gov>; ALLEN Marganne * ODF
 <Marganne.ALLEN@oregon.gov>; TOTEY Mike A * ODF <Mike.A.TOTEY@oregon.gov>; DENT Liz F *
 ODF <Liz.F.DENT@oregon.gov>; PEW Brian * ODF <Brian.PEW@oregon.gov>
Subject: Response to ODFW Murrelet Information Request
 
Christina:
 
This is in response to ODFW’s February 16, 2017 request for information that may be relevant to
 your Marbled Murrelet status review under ORS 496.176(4) and OAR 635-100-0105(10).  While we
 are submitting this information prior to April 7, as you requested, we believe that  further
 discussions and coordination between ODF and ODFW on this information will improve the quality
 of your evaluation. 
 
We have identified the following general categories of information that may be relevant to your
 review:

1)       State Forests Division policies and plans – I have attached policies specific to marbled
 murrelets.  In addition, our Forest Management Plan outlines general forest management
 strategies that will likely benefit murrelets, and other species of concern.  The NW FMP can
 be found here:
http://www.oregon.gov/ODF/Documents/AboutODF/2010FMPNorthwestOregon.pdf
District implementation plans can be found here:
http://www.oregon.gov/ODF/Working/Pages/StateForests.aspx
 
If it would be helpful, we could provide a narrative summary of these plans, and how they
 address marbled murrelets. 
 

2)      State Forests survey data:  We have marbled murrelet survey data from 1993 to the
 present.  While this survey data was designed and collected primarily to evaluate timber
 sale potential, rather than as population trend data, you may determine it has some value
 to your review.  We would like to schedule time with you to review the data in detail, so you
 may determine its relevance to your review.

3)      State Forests forest inventory data:  The Division maintains a forest inventory system, the
 Stand Level Inventory (SLI).  We would like to schedule time with you to review this forest

mailto:christina.e.donehower@state.or.us
mailto:odfw.marbledmurrelet@state.or.us
http://www.oregon.gov/ODF/Documents/AboutODF/2010FMPNorthwestOregon.pdf
http://www.oregon.gov/ODF/Working/Pages/StateForests.aspx















































 inventory information so you may determine its relevance to your review.
 

Thank you for your initial request, and we look forward to continued coordination on your review.
 
Rosemary Mannix
 
Rosemary Mannix
Resource Specialist Unit Manager
State Forests Division
Oregon Department of Forestry
503.945.7347
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