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SUMMARY OF 2017 RESULTS 

We report the 2017 monitoring results from the Northwest Forest Plan Effectiveness Monitoring Program 
for the Marbled Murrelet (Brachyramphus marmoratus).  The purpose of the murrelet program is to assess 
status and trends of: 1) murrelet nesting habitat, and 2) at-sea murrelet populations during the nesting 
season 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.  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).  
Here we only report at-sea population monitoring results because no habitat monitoring work was 
conducted in 2017. Habitat monitoring will be reported in our “25-year report,” with an expected 
publication date in 2019 or 2020. 

The population monitoring strategy was designed (see Raphael et al. 2007) to estimate at-sea population 
size and trend during the breeding season in five of the six murrelet Conservation Zones, which extend from 
the United States border with British Columbia, Canada, south to San Francisco Bay, California, as identified 
in the Recovery Plan for the Marbled Murrelet (U.S. Fish and Wildlife Service 1997; Figure 1).  We present 
detailed results through 2017 (where available) in the tables and figures below. Between 2000 and 2014 we 
conducted annual surveys in Conservation Zones 1-4. Starting 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.  Due to this reduced sampling effort, we are not able to provide a Plan-wide area 
(“All-Zones”) estimate for 2017.  We are, however, now able to provide an All-Zone estimate for 2016, 
which is 22,600 murrelets (95% Confidence interval “CI” = 18,200-27,100).  

At the Conservation Zone scale, the 2017 population estimates were about 1,800 murrelets (CI = 1,000-
2,600) in Conservation Zone 2 (Washington outer coast), 8,500 murrelets (CI = 6,300-11,300) in 
Conservation Zone 4 (Coos Bay, Oregon to Humboldt/Mendocino County Line, California), and 870 
murrelets (CI = 470-1,700) in Conservation Zone 5 (Humboldt/Mendocino County line to San Francisco Bay). 

Looking at population trends, we can now provide a survey-wide trend through 2016, which indicates no 
evidence of a trend (0.15% increase per year; 95% CI: -1.2 to 1.5%).  At the Conservation Zone scale, Zone 2 
has a negative slope through 2017 but the confidence interval overlaps zero indicating no conclusive 
evidence for a trend (-2.4% decrease per year; 95% CI: -6.6 to 1.9%); Conservation Zone 4 is exhibiting a 
positive trend through 2017 (3.7% increase per year; 95% CI: 1.4 to 6.1%); and there is no conclusive trend 
for Conservation Zone 5 through 2017 where few birds are typically detected, resulting in a very wide 
confidence interval (7.2% increase per year; 95% CI: -4.4 to 20.3%). These results are summarized in Table 2 
and Figure 2. We do not provide 2017 trends for Zones 1 and 3 because they were not surveyed in 2017.   

At the State Scale, Washington exhibited a declining population between 2001 and 2016 (-3.9% decrease 
per year; 95% CI: -6.1 to -1.7%) while Oregon (2000-2016) and California (2000-2017) showed positive 
trends (OR = 1.8% increase per year; 95% CI: 0.1 to 3.6%; CA = 4.5% increase per year; 95% CI: 2.2 to 6.9%) 

We recommend continued monitoring to track these population changes because, (1) we are only recently 
starting to see some population increases in Oregon and California (but not Washington) after long-term 
population declines, (2) this transition from negative to positive trends in the southern portion of the 
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murrelet’s range is a very recent event and these changes are occurring differently across different time-
periods and Zones, (3) with a reduced sampling effort, we lost statistical power to detect trends and it now 
takes two years to derive All Zone trend whereas in the past we could produce annual trends, and (4) we 
also 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 seabird that is sparsely and patchily distributed, and our level of survey 
effort, some of our population and trend estimates have wide confidence intervals.  We repeat here 
information from the 20-year report (Falxa et al. 2016) on evaluating for evidence of a trend: 

“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. “ 

Publications that include recent detailed population and habitat monitoring results 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). In addition, Raphael et al. (2015) examined 
the relative influence of terrestrial and marine factors on at-sea distribution and abundance.  
All of these reports and others relevant to the Marbled Murrelet Effectiveness Monitoring Program can be 
found at http://www.reo.gov/monitoring.   

Additional Notes on 2017 surveys  

Conservation Zone 2:  Washington Department of Fish and Wildlife (WDFW) conducted these surveys.  
There were no significant survey issues to report for 2017.   

Conservation Zone 4, 5:  A team from Crescent Coastal Research conducted these surveys.  There were no 
significant survey issues to report for Conservation Zone 4 but Zone 5 was surveyed late in the season when 
birds were apparently moving, which may have resulted in higher numbers than observed previously.  

Conservation Zones 1 and 3:  Were not surveyed in 2017. 

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, and states).  Now, 
with Conservation Zones 1-4 sampled only every-other year, and Conservation Zone 5 sampled every fourth 
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 

http://www.reo.gov/monitoring
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this new population data structure.  These methods are reflected in the estimates provided in the Tables 
and Figures. 

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

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, the 2016 All-Zones estimate uses the actual 2016 density estimates for 
Conservation Zones 1 and 3 and interpolated 2016 values for Conservation Zones 2 and 4 
(which were all surveyed in 2015 and 2017). 

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.  With Conservation Zone 5 scheduled to 
be surveyed only every fourth year, this extrapolation of Conservation Zone 5 data allows updating 
of the California and All-Zone trend estimates more frequently than every fourth year.  Because 
Conservation Zone 5 has so few birds, this extrapolation has a negligible effect on these trend 
estimates. 

 
Habitat Monitoring:  For the nest habitat monitoring component of the Marbled Murrelet Effectiveness 
Monitoring Program, there was no work in 2017. 
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CONTACT INFORMATION 
For more information on the Marbled Murrelet Monitoring Program, contact: 

Bill McIver, Ecologist 
U.S. Fish and Wildlife Service 
Arcata Fish and Wildlife Office 
phone:  707.825.5132 
email:  bill_mciver@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:  
Pearson, S.F., B. McIver, D. Lynch, N. Johnson, J. Baldwin, M.M. Lance, M.G. Raphael, C. Strong, and R. 
Young, T. Lorenz, and K Nelson.  2018.  Marbled murrelet effectiveness monitoring, Northwest Forest Plan:  
2017 summary report.  19 pp.

mailto:bill_mciver@fws.gov
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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.  Note that 
the most recent range-wide estimate is always one year behind the current sampling year because it 
takes two years to derive estimates when sampling units every other year. 
 

Year Density 
(birds/km2) 

Bootstrap 
Standard Error 

(birds/km2) 

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 2.09 0.17 8.2% 18,300 15,300 21,300 

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% 17,200 13,700 20,800 

2010 1.89 0.21 11.1% 16,600 13,000 20,200 

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

2012 2.40 0.27 11.3% 21,100 16,400 25,800 

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

2014 2.43 0.22 9.1% 21,300 17,492 25,100  

2015 2.75 0.26 9.5% 24,100 19,700 28,600 

2016 2.58 0.26 10.0% 22,600 18,200 27,100 
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Table 2.  Estimates of average annual rate of marbled murrelet population change based on at-sea 
population surveys.  Confidence limits are for the estimates of percent annual change.  The P-value is 
based on a 2-tailed test for whether the annual rate of change is less than zero, significant values are 
shaded in gray.  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. Please note that the period of analysis extends to 
either 2016 or 2017 depending on which year sampling units were last surveyed. 
 

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 2 2001-2017 -2.4 -6.6 1.9 0.030 0.246 

Zone 3 2000-2016 1.1 -1.0 3.3 0.022 0.266 

Zone 4 2000-2017 3.7 1.4 6.1 0.425 0.004 

Zone 5 2000-2017 7.2 −4.4 20.3 0.080 0.204 

WA 2001-2016 -3.94 -6.1 -1.7 0.467 0.002 

OR 2000-2016 1.8 0.1 3.6 0.198 0.042 

CA 2000-2017 4.5 2.2 6.9 0.486 0.001 

All-Zones 2001-2016 0.15 −1.2 1.6 0.000 0.824 
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Table 3.  Murrelet population estimates for Conservation Zones and sampling strata within Zones, 2000-2017, 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 
 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 1.6979 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 1.4184 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 1.5678 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 

( ) 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 1.4967 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 All 2.575 10.0% 22,624 18,173 27,075 8,785    
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.  Extrapolated value used for All-Zones estimate. 
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.  Extrapolated value used for All-Zones estimate. 
2016 5 Not Surveyed 
2017 All Will have estimate in 2018 
2017 1 Not Surveyed 
2017 2 All 1.065 23.2%    1,758       1,041       2,623  1,650 0.0097 1.648 154 
2017 2 1 2.127 25.8%    1,541          820       2,353  724 

   

2017 2 2 0.235 36.5%       218             56           363  926 
   

2017 3 Not Surveyed 
2017 4 All 7.373 14.9%    8,546       6,277     11,331  1,159 0.0118 1.660 170 
2017 4 1 9.185 15.7%    6,740       4,677       8,890  734 

   

2017 4 2 4.248 11.7%    1,807          813       3,223  425 
   

2017 5 All 0.988 39.0%       872          467       1,698  883 
   

2017 5 1 0.768 188.0%       339             63           736  441 
   

2017 5 2 1.207 48.8%       533          321       1,208  441 
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Table 4.  Summary of 2000 to 2016 marbled murrelet density and population size estimates at the State 
scale.  2017 estimates are only available for California. 

Year State 
Density 

(murrelets 
per km2) 

Murrelets 
Murrelets 
95% CL 
Lower 

Murrelets 
95% CL 
Upper 

Area (km2) 

2001 WA 2.02 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 4,711 10,276 5,148 
2016 WA 1.38 7,095 4,060 10,130 5,148 
2000 OR 3.85 7,983 4,992 10,974 2,071 
2001 OR 4.43 9,168 6,536 11,800 2,071 
2002 OR 3.64 7,530 4,727 10,332 2,071 
2003 OR 3.56 7,380 5,370 9,390 2,075 
2004 OR 4.40 9,112 6,833 11,391 2,071 
2005 OR 3.36 6,966 4,812 9,121 2,071 
2006 OR 3.68 7,617 5,916 9,318 2,071 
2007 OR 2.59 5,357 3,332 7,381 2,071 
2008 OR 3.64 7,541 5,682 9,400 2,071 
2009 OR 3.58 7,423 5,208 9,638 2,071 
2010 OR 3.95 8,182 5,743 10,622 2,071 
2011 OR 4.05 8,379 5,943 10,816 2,071 
2012 OR 3.76 7,780 5,605 9,956 2,071 
2013 OR 4.74 9,819 7,195 12,443 2,071 
2014 OR 5.50 11,384 8,839 13,930 2,071 
2015 OR 5.29 10,975 8,188 13,762 2,071 
2016 OR 4.86 10,060 7,451 12,579 2,071 
2000 CA 2.28 3,571 1,884 5,258 1,566 
2001 CA 1.31 2,051 608 3,495 1,566 
2002 CA 2.04 3,202 2,181 4,224 1,566 
2003 CA 1.90 2,985 1,753 4,217 1,569 
2004 CA 2.55 3,986  2,197   5,775  1,566 
2005 CA 1.73 2,710  1,896   3,523  1,566 
2006 CA 1.56 2,438  1,727   3,149  1,566 
2007 CA 1.56 2,440  1,465   3,415  1,566 
2008 CA 2.53 3,964  2,802   5,126  1,566 
2009 CA 1.87 2,928  1,589   4,268  1,566 
2010 CA 1.69 2,644  1,098   4,191  1,566 
2011 CA 3.33 5,217  1,962   8,472  1,566 
2012 CA 2.24 3,514  1,812   5,216  1,566 
2013 CA 2.67 4,178  2,662   5,694  1,566 
2014 CA 3.14 4,922  3,410   6,433  1,566 
2015 CA 3.62 5,666  3,970   7,361  1,566 
2016 CA 3.49 5,469  3,963   6,974  1,566 
2017 CA 3.88 6,073  4,415   7,730  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.  Percent annual change (95% Confidence interval) by Conservation Zone, “All”-Zones combined 
and by State.  Trends are through 2016 for the blue triangles and 2017 for the black circles.  If the 
confidence intervals do not overlap zero, then there is support for either a positive (e.g., Zone 4) or a 
negative (e.g., Zone 1) trend. Note that these results are provided in a tabular form in Table 2. 
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Figure 3.  Marbled murrelet population trend analyses for All-Zones, individual Conservation Zones, and State scales.  Graphs show fitted regression lives through the annual 
population estimates for the period of analysis (through 2017 for Zones 2, 4, and 5 only), with 95 percent confidence limits.  
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