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SUMMARY OF 2013 RESULTS 

This report updates the Marbled Murrelet (Brachyramphus marmoratus) Effectiveness Monitoring Program 
for the Northwest Forest Plan by including results from the 2013 population monitoring season.  The 
purpose of this monitoring program is to assess status and trends of at-sea murrelet populations during the 
nesting season and status and trends in nesting habitat.  This report includes results for the annual at-sea 
population surveys and an updated trend analysis.  A more detailed analysis and discussion will be included 
in the Northwest Forest Plan 20-year report (1994-2013) expected in late 2014 or early 2015.  Whereas this 
report focuses on recent murrelet population monitoring results, the 20-year report will present new 
results from both the population and murrelet nest habitat monitoring. Please refer to 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. 2013).  

The objectives of murrelet population monitoring are to estimate population size and trend during the 
breeding season in five murrelet conservation zones (sampling strata) 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.  Results through 2013 are presented in the tables and figures below, 
and briefly summarized here.  The murrelet population estimate for this entire sampling area for 2013 is 
19,617 birds (95 percent confidence interval:  15,396 to 23,838 birds; Tables 1 and 3).  At the conservation 
zone scale, 2013 population estimates ranged from about 7,900 in Conservation Zone 3 (Oregon north of 
Coos Bay) to 75 in Zone 5 (from San Francisco Bay north to Shelter Cover, California).  At-sea murrelet 
density estimates for 2013 ranged from 0.09 birds per km2 in Conservation Zone 5 to 5.17 birds per km2 in 
Conservation Zone 4 (Coos Bay, Oregon south to Shelter Cove, California).  Although Zone 3 had the largest 
single-zone estimate of population size, murrelet density was slightly higher in Zone 4.  The area of Zone 4 
is 30% less than Zone 3, resulting in fewer murrelets despite Zone 4’s greater murrelet density.  

For the combined 5-conservation zone area for the 2001-2013 period, we observed a weak downward 
trend (1.2% decline per year; P=0.16).  At the scale of individual conservation zones and with a statistical 
significance threshold of P ≤ 0.05, we estimated strong annual declines in Conservation Zone 1 (3.9% 
decline per year; P= 0.05; see Table 2 for details) and Zone 2 (7.4% decline per year; P=0.002).  Because 
changes in murrelet population trends have occurred across different time periods and zones, we 
recommend continued monitoring to track these changes.   

The current trend results for the combined 5-conservation zone area differ from results for the 2001-2010 
period, when a stronger decline was found (Miller et al. 2012).  This change is due to higher population 
estimates for 2011 and 2012, especially in Conservation Zone 1 (Strait of Juan de Fuca, San Juan Islands, 
and Puget Sound, Washington).  In 2013, the all-zone population estimate was lower than in 2011 or 2012 
and the population estimate in Conservation Zone 1 declined from the 2011-2012 levels (Tables 1 and 3).  
The estimate for Conservation Zone 3 was greater in 2013 compared to 2011-2012; a concentration of 
sampling effort late in the season due to bad weather could have contributed to this (Strong 2014).    

It is unclear what is driving recent population patterns.  For one, there is uncertainty associated with 
population estimates for such a mobile and patchily distributed species, as indicated by the large 
confidence intervals on density and population estimates.  Also, our results suggest different patterns 
among zones and years, and there is a need to better understand these population fluctuations, particularly 
those observed in Conservation Zone 1.  For example, could a factor contributing to the Conservation Zone 
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1 pattern be movement of birds between the Canadian side of the Strait of Juan de Fuca and the U.S. side?  
Because of population fluctuations over the past three years, it is premature to conclude whether the all-
zone murrelet population is continuing the decline observed for the 2001-2010 period (Miller et al. 2012), 
or whether the 2011-2013 results indicate a change from that declining trend, or are part of a more 
complex, longer-term pattern.  The results of murrelet population monitoring in 2014 and beyond will help 
further clarify population status and trend.  We also recommend investigating the mechanism(s) 
responsible for the apparent differences in population trend among the various Conservation Zones. 

Also, we recently developed a new data checking routine and applied it to the data files used in our 
population analyses.  The check encountered several data coding errors, which we corrected.  This resulted 
in minor changes to population estimates for years 2002 (Zones 3, 4, All-zones), 2003 (Zone 4, All-zones), 
2004 (Zone 1, All-zones), 2005 (Zone 2, All-zones), 2007 (Zone 4, All-zones), 2009 (Zone 4, All-zones), 2011 
(Zone 4, All-zones), and 2012 (Zone 5, All-zones).  The tables below provide the corrected numbers. 

Publications which include recent population and habitat monitoring results in detail include: Raphael et al. 
(2011), Falxa et al. (2013), and Miller et al. (2012).  These 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.   
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Murrelet Effectiveness Monitoring Program (as well all other modules from the Interagency Regional 
Monitoring Program) can be found at http://www.reo.gov/monitoring.  
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TABLES AND FIGURES

 
 



Table 1.  Summary of 2001-2013 murrelet density and population size estimates (rounded to nearest 
100 birds) in all conservation zones combined.   
 

Year Density 
(birds/km2) 

Bootstrap 
Standard Error 

(birds/km2) 

Coefficient of 
Variation of 
Density (%) 

Birds Birds Lower 
95% CL 

Birds Upper 
95% CL 

2001 2.52 0.27 10.5 22,200 17,600 26,800 
2002 2.64 0.33 12.6 23,200 17,400 28,900 
2003 2.52 0.24 9.5 22,200 18,000 26,300 
2004 2.43 0.25 10.5 21,400 17,000 25,700 
2005 2.30 0.25 10.8 20,200 15,900 24,500 
2006 2.14 0.17 8.0 18,800 15,900 21,700 
2007 1.97 0.27 13.5 17,300 12,700 21,900 
2008 2.03 0.18 9.1 17,800 14,600 21,000 
2009 1.97 0.21 10.4 17,300 13,800 20,900 
2010 1.91 0.21 11.0 16,800 13,200 20,400 
2011 2.57 0.31 12.2 22,600 17,200 28,000 
2012 2.41 0.27 11.0 21,200 16,600 25,800 
2013 2.23 0.25 11.0 19,600 15,400 23,800 

 
 

 

Table 2.  Estimates of average annual rate of change based on the at-sea population surveys conducted 
from 2000 through 2013.  For “All Zones” and Zones 1 and 2, 2001-2013 was the basis for the trend 
analyses, while other analyses used the full data set.  Standard errors and confidence limits are for the 
estimates of percent annual change.  The P-value is for testing whether the annual change is zero or a 
negative value less than zero. 
 

Zone 

Annual Rate of Change (%) 95% Conf. Limits Adjusted 

R2 P-value Estimate Std. Err Lower Upper 

All Zones -1.19 0.79 -2.91 0.57 0.0927 0.1638 

1 -3.88 1.73 -7.60 0.00 0.2428 0.0499 

2 -7.37 1.70 -11.04 -3.55 0.5772 0.0016 

3 0.50 1.22 -2.12 3.18 0.0000 0.6897 

4 1.57 1.17 -0.94 4.15 0.0613 0.1989 

5 1.37 5.46 -10.46 14.75 0.0000 0.8071 
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Table 3.  Murrelet population estimates, 2000-2013, based on at-sea surveys conducted in Conservation Zones 1-5.  
Zone 5 was not surveyed in 2006, 2009, 2010 and 2012.  The "All Zone" estimate for these years uses interpolated 
estimates for Zone 5 based on data from the nearest sampled years before and after the year without surveys.  

  

Year Zone Density StdErr % Std. Err.  Birds 
 Birds 95% CL 

Lower 
 Birds 95% CL 

Upper  Area (km^2) 
2000 All 2.1132 0.2899 13.7% 18,571            13,577               23,565               8,788.063          
2000 1 1.6103 0.3944 24.5% 5,637              2,931                 8,343                 3,500.500          
2000 2 0.7583 0.2394 31.6% 1,252              477                    2,026                 1,650.404          
2000 3 4.2146 0.9251 21.9% 6,724              3,983                 9,683                 1,595.434          
2000 4 4.2097 1.2934 30.7% 4,880              3,535                 9,299                 1,159.150          
2000 5 0.0895 0.0693 77.4% 79                   11                      259                    882.576             
2001 All 2.5238 0.2661 10.5% 22,180            17,596               26,763               8,788.063          
2001 1 2.5527 0.4856 19.0% 8,936              5,536                 12,583               3,500.500          
2001 2 1.0531 0.5164 49.0% 1,738              575                    3,888                 1,650.404          
2001 3 4.7247 0.6385 13.5% 7,538              5,341                 9,292                 1,595.434          
2001 4 3.3225 0.7763 23.4% 3,851              2,919                 6,532                 1,159.150          
2001 5 0.1322 0.0764 57.8% 117                 14                      259                    882.576             
2002 All 2.6350 0.3327 12.6% 23,156            17,427               28,886               8,788.063          
2002 1 2.7760 0.5833 21.0% 9,717              6,075                 14,027               3,500.500          
2002 2 1.5871 0.4850 30.6% 2,619              565                    3,784                 1,650.404          
2002 3 3.6133 0.7892 21.8% 5,765              3,854                 9,132                 1,595.434          
2002 4 4.1457 0.6156 14.8% 4,806              3,453                 6,286                 1,159.150          
2002 5 0.2827 0.1224 43.3% 249                 27                      405                    882.576             
2003 All 2.5215 0.2401 9.5% 22,154            18,020               26,288               8,785.963          
2003 1 2.4282 0.4341 17.9% 8,495              5,740                 11,708               3,498.400          
2003 2 2.0077 0.4800 23.9% 3,314              1,959                 5,039                 1,650.404          
2003 3 3.6768 0.5967 16.2% 5,866              3,895                 7,550                 1,595.434          
2003 4 3.8232 0.6725 17.6% 4,432              3,480                 6,438                 1,159.150          
2003 5 0.0547 0.0344 62.9% 48                   -                     90                      882.576             
2004 All 2.4308 0.2541 10.5% 21,357            16,981               25,733               8,785.963          
2004 1 1.5621 0.3328 21.3% 5,465              2,969                 7,446                 3498.400
2004 2 1.8610 0.4822 25.9% 3,071              1,742                 4,596                 1,650.404          
2004 3 4.8770 0.5957 12.2% 7,781              5,885                 9,763                 1,595.434          
2004 4 4.2723 1.2472 29.2% 4,952              3,813                 9,360                 1,159.150          
2004 5 0.0994 0.0582 58.6% 88                   19                      208                    882.576             
2005 All 2.3002 0.2474 10.8% 20,207            15,946               24,467               8,784.693          
2005 1 2.2751 0.4820 21.2% 7,956              4,784                 11,589               3,497.130          
2005 2 1.5002 0.3023 20.1% 2,476              1,553                 3,519                 1,650.404          
2005 3 3.6624 0.5973 16.3% 5,843              3,618                 7,309                 1,595.434          
2005 4 3.1423 0.7316 23.0% 3,642              2,680                 5,955                 1,159.150          
2005 5 0.3270 0.0970 29.6% 289                 117                    453                    882.576             
2006 All 2.1395 0.1709 8.0% 18,795            15,852               21,738               8,784.693          
2006 1 1.6867 0.3046 18.1% 5,899              4,013                 8,208                 3,497.130          
2006 2 1.4426 0.2641 18.3% 2,381              1,672                 3,430                 1,650.404          
2006 3 3.9955 0.4711 11.8% 6,375              4,569                 7,429                 1,595.434          
2006 4 3.4229 0.5196 15.2% 3,968              3,168                 5,467                 1,159.150          
2006 5     Interpolated Estimate 173                 64                      274                    882.576             
2007 All 1.9707 0.2653 13.5% 17,312            12,745               21,879               8,784.693          
2007 1 1.9973 0.4582 22.9% 6,985              4,105                 10,382               3,497.130          
2007 2 1.5300 0.4123 26.9% 2,525              1,271                 3,811                 1,650.404          
2007 3 2.5048 0.5091 20.3% 3,996              2,714                 5,929                 1,595.434          
2007 4 3.2342 1.1375 35.2% 3,749              2,588                 7,565                 1159.150
2007 5 0.0649 0.0235 36.2% 57                   10                      95                      882.576
2008 All 2.0253 0.1835 9.1% 17,791            14,631               20,952               8,784.693          
2008 1 1.3437 0.2286 17.0% 4,699              3,132                 6,201                 3,497.130          
2008 2 1.1782 0.2484 21.1% 1,944              1,187                 2,843                 1,650.404          
2008 3 3.8713 0.5950 15.4% 6,176              4,175                 7,903                 1,595.434          
2008 4 4.1843 0.8130 19.4% 4,850              3,688                 7,325                 1,159.150          
2008 5 0.1373 0.0694 50.5% 121                 -                     242                    882.576             
2009 All 1.9748 0.2051 10.4% 17,348            13,816               20,880               8,784.693          
2009 1 1.6078 0.3207 19.9% 5,623              3,922                 8,352                 3,497.130          
2009 2 0.7673 0.1708 22.3% 1,266              751                    1,881                 1,650.404          
2009 3 3.6917 0.6550 17.7% 5,890              3,847                 7,969                 1,595.434          
2009 4 3.7907 0.7769 20.5% 4,394              3,535                 6,979                 1,159                 
2009 5     Interpolated Estimate 175                 15                      345                    882.576             
2010 All 1.9122 0.2103 11.0% 16,798            13,178               20,418               8,784.693          
2010 1 1.2561 0.2561 20.4% 4,393              2,689                 6,367                 3,497.130          
2010 2 0.7792 0.2000 25.7% 1,286              650                    1,946                 1,650.404          
2010 3 4.5275 0.7642 16.9% 7,223              4,605                 9,520                 1,595.434          
2010 4 3.1640 0.8639 27.3% 3,668              2,196                 6,140                 1,159.150          
2010 5     Interpolated Estimate 228                 30                      449                    882.576             
2011 All 2.5743 0.3140 12.2% 22,615            17,209               28,021               8,784.693          
2011 1 2.0551 0.3701 18.0% 7,187              4,512                 9,745                 3,497.130          
2011 2 0.7206 0.2318 32.2% 1,189              597                    2,060                 1,650.404          
2011 3 4.6486 0.7636 16.4% 7,417              5,200                 10,078               1,595.434          
2011 4 5.6423 1.7856 31.6% 6,540              3,034                 10,658               1,159.150          
2011 5 0.3191 0.1483 46.5% 282                 45                      553                    882.576             
2012 All 2.4111 0.2660 11.0% 21,181            16,600               25,761               8,784.693          
2012 1 2.4141 0.4827 20.0% 8,442              5,276                 12,030               3497.130
2012 2 0.7512 0.2270 30.2% 1,240              833                    1,504                 1,650.404          
2012 3 3.9859 0.6318 15.9% 6,359              4,120                 8,022                 1,595.434          
2012 4 4.2794 1.0379 26.7% 4,960              3,404                 7,902                 1,159.150          
2012 5     Interpolated Estimate 179                 22                      343                    882.576             
2013 All 2.2331 0.2452 11.0% 19,617            15,396               23,838               8,784.693          
2013 1 1.2566 0.3369 26.8% 4,395              2,275                 6,740                 3497.13
2013 2 0.7618 0.1424 18.7% 1,257              920                    1,846                 1,650.404          
2013 3 4.9494 0.7957 16.1% 7,896              5,545                 10,621               1,595.434          
2013 4 5.1704 1.0853 21.0% 5,993              4,569                 9,149                 1,159.150          
2013 5 0.0855 0.0349 40.8% 75                   -                     134                    882.576             
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Table 4.  Murrelet population estimates for conservation zones and sampling strata within zones, 2000-
2013, with parameter values used in the Distance Sampling method employed for estimating population 
size (in 6 columns at far right).  As noted in the report text, some values in this table and in Table 3 have 
changed slightly from previous versions, as a result of a new error-checking process.  

 

  

Year Zone Stratum Density StdErr
% Std. 

Err.  Birds 
 Birds 95% CL 

Lower 
 Birds 95% CL 

Upper 
 Area 

(km^2) f(0)
Std. Err. 
Of f(0) E(s)

Std. Err. 
Of E(s)

Truncation 
Distance (m)

Std. Err. Of 
Truncation 

Distance
2000 All All 2.1132 0.2899 13.7% 18,571      13,577             23,565              8,788.063  
2000 1 All 1.6103 0.3944 24.5% 5,637        2,931               8,343                3,500.500  0.0121 0.0014 1.5261 0.0783 179 12.1
2000 1 1 3.3608 0.8384 24.9% 2,841        1,452               4,230                845.300     
2000 1 2 1.1135 0.4589 41.2% 1,332        256                  2,408                1,196.400  
2000 1 3 1.0034 0.5859 58.4% 1,464        -                   3,139                1,458.800  
2000 2 All 0.7583 0.2394 31.6% 1,252        477                  2,026                1,650.404  0.0169 0.0036 1.4255 0.1004 70 13.3
2000 2 1 1.2287 0.4592 37.4% 890           238                  1,542                724.470     
2000 2 2 0.3903 0.1525 39.1% 361           85                    638                   925.934     
2000 3 All 4.2146 0.9251 21.9% 6,724        3,983               9,683                1,595.434  0.0191 0.0031 1.6409 0.1057 85 6.3
2000 3 1 1.5010 0.3748 25.0% 992           508                  1,461                660.888     
2000 3 2 6.1335 1.4317 23.3% 5,732        3,263               8,450                934.546     
2000 4 All 4.2097 1.2934 30.7% 4,880        3,535               9,299                1,159.150  0.0191 0.0031 1.6409 0.1057 85 6.3
2000 4 1 6.0151 2.0224 33.6% 4,414        3,039               8,665                733.735     
2000 4 2 1.0958 0.3481 31.8% 466           299                  882                   425.415     
2000 5 All 0.0895 0.0693 77.4% 79             11                    259                   882.576     0.0097 0.0009 1.7269 0.0518 180 9.8
2000 5 1 0.1791 0.1386 77.4% 79             11                    259                   441.179     
2000 5 2 0.0000 0.0000 - -           -                   -                    441.396     
2001 All All 2.5238 0.2661 10.5% 22,180      17,596             26,763              8,788.063  
2001 1 All 2.5527 0.4856 19.0% 8,936        5,536               12,583              3,500.500  0.0133 0.0009 1.5942 0.0488 142 12.7
2001 1 1 4.5065 1.0838 24.1% 3,809        2,308               5,809                845.300     
2001 1 2 1.7645 0.3630 20.6% 2,111        1,004               2,841                1,196.400  
2001 1 3 2.0671 0.7815 37.8% 3,016        456                  5,240                1,458.800  
2001 2 All 1.0531 0.5164 49.0% 1,738        575                  3,888                1,650.404  0.0125 0.0039 1.4662 0.2796 80 5.7
2001 2 1 1.5059 0.7368 48.9% 1,091        186                  2,254                724.470     
2001 2 2 0.6987 0.7697 110.2% 647           104                  2,449                925.934     
2001 3 All 4.7247 0.6385 13.5% 7,538        5,341               9,292                1,595.434  0.0168 0.0019 1.7411 0.0543 140 19.8
2001 3 1 1.7451 0.4331 24.8% 1,153        613                  1,712                660.888     
2001 3 2 6.8318 0.9820 14.4% 6,385        4,294               8,012                934.546     
2001 4 All 3.3225 0.7763 23.4% 3,851        2,919               6,532                1,159.150  0.0102 0.0008 1.7483 0.0700 170 6.7
2001 4 1 4.6345 1.2125 26.2% 3,400        2,431               5,876                733.735     
2001 4 2 1.0596 0.3243 30.6% 451           315                  882                   425.415     
2001 5 All 0.1322 0.0764 57.8% 117           14                    259                   882.576     0.0102 0.0007 1.7483 0.0670 170 6.9
2001 5 1 0.1664 0.0681 40.9% 73             -                   120                   441.179     
2001 5 2 0.0981 0.1331 135.6% 43             -                   178                   441.396     
2002 All All 2.6350 0.3327 12.6% 23,156      17,427             28,886              8,788.063  
2002 1 All 2.7760 0.5833 21.0% 9,717        6,075               14,027              3,500.500  0.0102 0.0011 1.7614 0.0708 194 8.3
2002 1 1 7.1923 2.4055 33.4% 6,080        2,750               10,031              845.300     
2002 1 2 1.8570 0.4760 25.6% 2,222        978                  3,242                1,196.400  
2002 1 3 0.9705 0.3010 31.0% 1,416        560                  2,386                1,458.800  
2002 2 All 1.5871 0.4850 30.6% 2,619        565                  3,784                1,650.404  0.0211 0.0038 1.4394 0.0837 70 5.6
2002 2 1 3.1313 1.0485 33.5% 2,269        397                  3,471                724.470     
2002 2 2 0.3790 0.1511 39.9% 351           -                   542                   925.934     
2002 3 All 3.6133 0.7892 21.8% 5,765        3,854               9,132                1,595.434  0.0118 0.0024 1.9081 0.1148 150 11.4
2002 3 1 0.7028 0.2557 36.4% 464           249                  915                   660.888     
2002 3 2 5.6715 1.2547 22.1% 5,300        3,443               8,404                934.546     
2002 4 All 4.1457 0.6156 14.8% 4,806        3,453               6,286                1,159.150  0.0108 0.0009 1.7243 0.0447 175 13.4
2002 4 1 5.2056 0.8071 15.5% 3,820        2,607               4,961                733.735     
2002 4 2 2.3176 0.7445 32.1% 986           468                  1,765                425.415     
2002 5 All 0.2827 0.1224 43.3% 249           27                    405                   882.576     0.0108 0.0009 1.7243 0.0447 175 13.4
2002 5 1 0.5109 0.2406 47.1% 225           11                    377                   441.179     
2002 5 2 0.0546 0.0401 73.4% 24             -                   54                     441.396     
2003 All All 2.5215 0.2401 9.5% 22,154      18,020             26,288              8,785.963  
2003 1 All 2.4282 0.4341 17.9% 8,495        5,740               11,708              3,498.400  0.0087 0.0007 1.8173 0.0665 300 18.5
2003 1 1 6.6444 1.5602 23.5% 5,617        3,466               8,175                845.400     
2003 1 2 1.4409 0.4671 32.4% 1,721        916                  2,766                1,194.600  
2003 1 3 0.7928 0.2659 33.5% 1,156        232                  1,932                1,458.400  
2003 2 All 2.0077 0.4800 23.9% 3,314        1,959               5,039                1,650.404  0.0171 0.0019 1.3977 0.0814 80 5.5
2003 2 1 2.5615 0.7374 28.8% 1,856        1,073               3,168                724.470     
2003 2 2 1.5744 0.5839 37.1% 1,458        521                  2,355                925.934     
2003 3 All 3.6768 0.5967 16.2% 5,866        3,895               7,550                1,595.434  0.0132 0.0011 1.6630 0.0607 130 8.4
2003 3 1 1.1911 0.2793 23.4% 787           492                  1,167                660.888     
2003 3 2 5.4346 0.9618 17.7% 5,079        3,237               6,637                934.546     
2003 4 All 3.8232 0.6725 17.6% 4,432        3,480               6,438                1,159.150  0.0087 0.0007 1.7052 0.0465 180 8.4
2003 4 1 4.9852 0.9789 19.6% 3,658        2,747               5,494                733.735     
2003 4 2 1.8189 0.5134 28.2% 774           547                  1,421                425.415     
2003 5 All 0.0547 0.0344 62.9% 48             -                   90                     882.576     0.0087 0.0007 1.7052 0.0465 180 8.4
2003 5 1 0.1095 0.0689 62.9% 48             -                   90                     441.179     
2003 5 2 0.0000 0.0000 -           -                   -                    441.396     
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Table 4 (continued) 

 

  

Year Zone Stratum Density StdErr
% Std. 

Err.  Birds 
 Birds 95% CL 

Lower 
 Birds 95% CL 

Upper 
 Area 

(km^2) f(0)
Std. Err. 
Of f(0) E(s)

Std. Err. 
Of E(s)

Truncation 
Distance (m)

Std. Err. Of 
Truncation 

Distance
2004 All All 2.4308 0.2541 10.5% 21,357      16,981             25,733              8,785.963  
2004 1 All 1.5621 0.3328 21.3% 5,465        2,969               7,446                3498.400 0.0108 0.0010 1.7894 0.1010 280 24.2
2004 1 1 3.8334 1.1153 29.1% 3,241        1,345               4,842                845.400     
2004 1 2 1.5127 0.3833 25.3% 1,807        999                  2,693                1,194.600  
2004 1 3 0.2860 0.1696 59.3% 417           -                   718                   1,458.400  
2004 2 All 1.8610 0.4822 25.9% 3,071        1,742               4,596                1,650.404  0.0120 0.0011 1.3989 0.0502 110 4.5
2004 2 1 3.4367 1.1146 32.4% 2,490        1,236               4,000                724.470     
2004 2 2 0.6281 0.1570 25.0% 582           330                  864                   925.934     
2004 3 All 4.8770 0.5957 12.2% 7,781        5,885               9,763                1,595.434  0.0132 0.0007 1.7125 0.0530 120 7.7
2004 3 1 1.7065 0.3133 18.4% 1,128        706                  1,599                660.888     
2004 3 2 7.1191 0.9808 13.8% 6,653        4,833               8,443                934.546     
2004 4 All 4.2723 1.2472 29.2% 4,952        3,813               9,360                1,159.150  0.0093 0.0011 1.7002 0.0706 200 17.7
2004 4 1 5.3306 1.8671 35.0% 3,911        2,638               7,868                733.735     
2004 4 2 2.4471 1.1237 45.9% 1,041        585                  2,515                425.415     
2004 5 All 0.0994 0.0582 58.6% 88             19                    208                   882.576     0.0093 0.0011 1.7002 0.0706 200 17.7
2004 5 1 0.0915 0.0562 61.5% 40             -                   98                     441.179     
2004 5 2 0.1074 0.1002 93.3% 47             -                   136                   441.396     
2005 All All 2.3002 0.2474 10.8% 20,207      15,946             24,467              8,784.693  
2005 1 All 2.2751 0.4820 21.2% 7,956        4,784               11,589              3,497.130  0.0156 0.0021 1.7576 0.1492 150 12.7
2005 1 1 2.5014 0.9507 38.0% 2,114        675                  3,631                845.200     
2005 1 2 2.4255 0.6523 26.9% 2,895        1,145               4,328                1,193.690  
2005 1 3 2.0209 0.6336 31.4% 2,947        1,228               5,009                1,458.240  
2005 2 All 1.5002 0.3023 20.1% 2,476        1,553               3,519                1,650.404  0.0134 0.0015 1.4085 0.0566 130 18.4
2005 2 1 2.7060 0.5055 18.7% 1,960        1,186               2,670                724.470     
2005 2 2 0.5568 0.3313 59.5% 516           115                  1,404                925.934     
2005 3 All 3.6624 0.5973 16.3% 5,843        3,618               7,309                1,595.434  0.0126 0.0012 1.8345 0.0740 150 12.0
2005 3 1 0.8123 0.2594 31.9% 537           273                  943                   660.888     
2005 3 2 5.6780 0.9715 17.1% 5,306        3,170               6,703                934.546     
2005 4 All 3.1423 0.7316 23.0% 3,642        2,680               5,955                1,159.150  0.0107 0.0011 1.5148 0.0397 170 11.8
2005 4 1 4.4524 1.1175 24.8% 3,267        2,249               5,407                733.735     
2005 4 2 0.8827 0.3762 42.5% 376           242                  881                   425.415     
2005 5 All 0.3270 0.0970 29.6% 289           117                  453                   882.576     0.0107 0.0011 1.5148 0.0397 170 11.8
2005 5 1 0.2733 0.1201 42.9% 121           -                   217                   441.179     
2005 5 2 0.3807 0.1482 38.9% 168           71                    300                   441.396     
2006 All All 2.1395 0.1709 8.0% 18,795      15,852             21,738              8,784.693  
2006 1 All 1.6867 0.3046 18.1% 5,899        4,013               8,208                3,497.130  0.0138 0.0009 1.7654 0.1641 139 13.6
2006 1 1 2.7603 0.4273 15.5% 2,333        1,633               3,129                845.200     
2006 1 2 1.4183 0.3737 26.3% 1,693        756                  2,493                1,193.690  
2006 1 3 1.2843 0.5061 39.4% 1,873        514                  3,488                1,458.240  
2006 2 All 1.4426 0.2641 18.3% 2,381        1,672               3,430                1,650.404  0.0130 0.0017 1.5665 0.1405 107 8.2
2006 2 1 2.2608 0.4774 21.1% 1,638        1,009               2,413                724.470     
2006 2 2 0.8025 0.2782 34.7% 743           364                  1,355                925.934     
2006 3 All 3.9955 0.4711 11.8% 6,375        4,569               7,429                1,595.434  0.0121 0.0009 1.7950 0.0443 150 12.5
2006 3 1 1.0822 0.3193 29.5% 715           335                  1,174                660.888     
2006 3 2 6.0558 0.7797 12.9% 5,659        3,927               6,707                934.546     
2006 4 All 3.4229 0.5196 15.2% 3,968        3,168               5,467                1,159.150  0.0106 0.0013 1.6233 0.0469 150 14.5
2006 4 1 4.8399 0.7588 15.7% 3,551        2,735               4,904                733.735     
2006 4 2 0.9789 0.4677 47.8% 416           215                  980                   425.415     
2006 5 All     Interpolated Estimate 173           64                    274                   882.576     
2006 5 1     Zone 5 not surveyed 441.179     
2006 5 2     Zone 5 not surveyed 441.396     
2007 All All 1.9707 0.2653 13.5% 17,312      12,745             21,879              8,784.693  
2007 1 All 1.9973 0.4582 22.9% 6,985        4,105               10,382              3,497.130  0.0117 0.0013 1.6420 0.0394 378 90.1
2007 1 1 3.4450 0.9344 27.1% 2,912        1,047               4,347                845.200     
2007 1 2 1.2176 0.2586 21.2% 1,453        764                  1,994                1,193.690  
2007 1 3 1.7964 0.8651 48.2% 2,620        234                  5,315                1,458.240  
2007 2 All 1.5300 0.4123 26.9% 2,525        1,271               3,811                1,650.404  0.0134 0.0017 1.4944 0.0764 126 9.3
2007 2 1 2.8383 0.9187 32.4% 2,056        885                  3,341                724.470     
2007 2 2 0.5064 0.1309 25.8% 469           240                  664                   925.934     
2007 3 All 2.5048 0.5091 20.3% 3,996        2,714               5,929                1,595.434  0.0106 0.0008 1.6280 0.0947 150 22.6
2007 3 1 0.5195 0.2976 57.3% 343           21                    698                   660.888     
2007 3 2 3.9087 0.8291 21.2% 3,653        2,459               5,555                934.546     
2007 4 All 3.2342 1.1375 35.2% 3,749        2,588               7,565                1159.150 0.0106 0.0010 1.6067 0.0538 180 7.1
2007 4 1 4.7298 1.7848 37.7% 3,470        2,288               7,195                733.735     
2007 4 2 0.6547 0.2423 37.0% 279           149                  552                   425.415     
2007 5 All 0.0649 0.0235 36.2% 57             10                    95                     882.576 0.0106 0.0010 1.6067 0.0538 180 7.1
2007 5 1 0.1298 0.0470 36.2% 57             10                    95                     441.179     
2007 5 2 0.0000 0.0000 - -           -                   -                    441.396     
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Year Zone Stratum Density StdErr
% Std. 

Err.  Birds 
 Birds 95% CL 

Lower 
 Birds 95% CL 

Upper 
 Area 

(km^2) f(0)
Std. Err. 
Of f(0) E(s)

Std. Err. 
Of E(s)

Truncation 
Distance (m)

Std. Err. Of 
Truncation 

Distance
2008 All All 2.0253 0.1835 9.1% 17,791      14,631             20,952              8,784.693  
2008 1 All 1.3437 0.2286 17.0% 4,699        3,132               6,201                3,497.130  0.0109 0.0008 1.7385 0.0790 206 8.9
2008 1 1 3.5723 0.8625 24.1% 3,019        1,586               4,339                845.200     
2008 1 2 0.8989 0.2447 27.2% 1,073        571                  1,631                1,193.690  
2008 1 3 0.4160 0.1294 31.1% 607           227                  953                   1,458.240  
2008 2 All 1.1782 0.2484 21.1% 1,944        1,187               2,843                1,650.404  0.0113 0.0037 1.5365 0.0813 187 33.9
2008 2 1 2.6042 0.5597 21.5% 1,887        1,146               2,781                724.470     
2008 2 2 0.0625 0.0293 47.0% 58             -                   118                   925.934     
2008 3 All 3.8713 0.5950 15.4% 6,176        4,175               7,903                1,595.434  0.0113 0.0009 1.7480 0.0698 130 10.8
2008 3 1 0.3464 0.0960 27.7% 229           106                  350                   660.888     
2008 3 2 6.3641 1.0150 15.9% 5,948        3,876               7,658                934.546     
2008 4 All 4.1843 0.8130 19.4% 4,850        3,688               7,325                1,159.150  0.0093 0.0007 1.7052 0.0509 190 10.9
2008 4 1 5.8688 1.2541 21.4% 4,306        3,115               6,600                733.735     
2008 4 2 1.2791 0.5351 41.8% 544           304                  1,165                425.415     
2008 5 All 0.1373 0.0694 50.5% 121           -                   242                   882.576     0.0093 0.0007 1.7052 0.0509 190 10.9
2008 5 1 0.1173 0.0766 65.3% 52             -                   159                   441.179     
2008 5 2 0.1572 0.1157 73.6% 69             -                   127                   441.396     
2009 All All 1.9748 0.2051 10.4% 17,348      13,816             20,880              8,784.693  
2009 1 All 1.6078 0.3207 19.9% 5,623        3,922               8,352                3,497.130  0.0094 0.0008 1.6943 0.1104 254 15.2
2009 1 1 3.8107 1.0083 26.5% 3,221        1,913               5,187                845.200     
2009 1 2 0.6887 0.1767 25.7% 822           482                  1,299                1,193.690  
2009 1 3 1.0835 0.4376 40.4% 1,580        410                  3,152                1,458.240  
2009 2 All 0.7673 0.1708 22.3% 1,266        751                  1,881                1,650.404  0.0093 0.0008 1.4710 0.0674 191 16.9
2009 2 1 1.6143 0.3850 23.8% 1,170        673                  1,798                724.470     
2009 2 2 0.1047 0.0652 62.3% 97             -                   206                   925.934     
2009 3 All 3.6917 0.6550 17.7% 5,890        3,847               7,969                1,595.434  0.0131 0.0008 1.6929 0.0625 120 11.4
2009 3 1 0.6487 0.2681 41.3% 429           191                  867                   660.888     
2009 3 2 5.8437 1.0967 18.8% 5,461        3,501               7,408                934.546     
2009 4 All 3.7907 0.7769 20.5% 4,394        3,535               6,979                1,159         0.0100 0.0007 1.6593 0.0579 150 7.5
2009 4 1 5.3120 1.1336 21.3% 3,898        2,968               6,158                733.735     
2009 4 2 1.1669 0.7731 66.3% 496           249                  1,372                425.415     
2009 5 All     Interpolated Estimate 175           15                    345                   882.576     
2009 5 1     Zone 5 not surveyed 441.179     
2009 5 2     Zone 5 not surveyed 441.396     
2010 All All 1.9122 0.2103 11.0% 16,798      13,178             20,418              8,784.693  
2010 1 All 1.2561 0.2561 20.4% 4,393        2,689               6,367                3,497.130  0.0100 0.0012 1.7174 0.0780 200 9.1
2010 1 1 2.0042 0.5574 27.8% 1,694        920                  2,744                845.200     
2010 1 2 1.7830 0.4237 23.8% 2,128        1,058               3,091                1,193.690  
2010 1 3 0.3912 0.1711 43.7% 571           81                    1,164                1,458.240  
2010 2 All 0.7792 0.2000 25.7% 1,286        650                  1,946                1,650.404  0.0114 0.0013 1.5815 0.0651 145 12.8
2010 2 1 1.3361 0.3264 24.4% 968           535                  1,441                724.470     
2010 2 2 0.3434 0.2490 72.5% 318           -                   815                   925.934     
2010 3 All 4.5275 0.7642 16.9% 7,223        4,605               9,520                1,595.434  0.0139 0.0020 1.7687 0.0690 160 30.5
2010 3 1 1.0713 0.5313 49.6% 708           219                  1,376                660.888     
2010 3 2 6.9715 1.2302 17.6% 6,515        3,927               8,521                934.546     
2010 4 All 3.1640 0.8639 27.3% 3,668        2,196               6,140                1,159.150  0.011976 0.00111 1.62689 0.08578 165 12.4132
2010 4 1 3.7489 1.2435 33.4% 2,751        1,461               4,939                733.735     
2010 4 2 2.1553 0.7258 35.5% 917           435                  1,672                425.415     
2010 5 All     Interpolated Estimate 228           30                    449                   882.576     
2010 5 1     Zone 5 not surveyed 441.179     
2010 5 2     Zone 5 not surveyed 441.396     
2011 All All 2.5743 0.3140 12.2% 22,615      17,209             28,021              8,784.693  
2011 1 All 2.0551 0.3701 18.0% 7,187        4,512               9,745                3,497.130  0.0089 0.0006 1.6662 0.05734 289 11.0
2011 1 1 5.5805 1.1836 21.2% 4,717        2,570               6,630                845.200     
2011 1 2 1.2435 0.2985 24.0% 1,484        821                  2,186                1,193.690  
2011 1 3 0.6761 0.4309 63.7% 986           216                  2,242                1,458.240  
2011 2 All 0.7206 0.2318 32.2% 1,189        597                  2,060                1,650.404  0.0110 0.0021 1.4964 0.1313 161 19.4
2011 2 1 1.3144 0.4046 30.8% 952           426                  1,639                724.470     
2011 2 2 0.2561 0.2543 99.3% 237           40                    751                   925.934     
2011 3 All 4.6486 0.7636 16.4% 7,417        5,200               10,078              1,595.434  0.0126 0.0008 1.6800 0.0420 120 8.4
2011 3 1 0.9418 0.3706 39.4% 622           316                  1,441                660.888     
2011 3 2 7.2700 1.2828 17.6% 6,794        4,499               9,332                934.546     
2011 4 All 5.6423 1.7856 31.6% 6,540        3,034               10,658              1,159.150  0.0123 0.0011 1.6253 0.0686 150 12.6
2011 4 1 7.3825 2.7840 37.7% 5,417        1,829               9,111                733.735     
2011 4 2 2.6409 1.2478 47.2% 1,123        517                  2,572                425.415     
2011 5 All 0.3191 0.1483 46.5% 282           45                    553                   882.576     0.0123 0.0011 1.6253 0.0686 150 12.6
2011 5 1 0.5079 0.2769 54.5% 224           32                    495                   441.179     
2011 5 2 0.1304 0.1032 79.1% 58             -                   135                   441.396     
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Year Zone Stratum Density StdErr
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2012 All All 2.4111 0.2660 11.0% 21,181      16,600             25,761              8,784.693  
2012 1 All 2.4141 0.4827 20.0% 8,442        5,276               12,030              3497.130 0.010898 0.0011 1.8474 0.0920 164 10.3
2012 1 1 7.1656 1.7317 24.2% 6,056        3,388               8,976                845.200
2012 1 2 1.5073 0.4455 29.6% 1,799        851                  2,917                1193.690
2012 1 3 0.4024 0.1910 47.5% 587           162                  1,201                1458.240
2012 2 All 0.7512 0.2270 30.2% 1,240        833                  1,504                1,650.404  0.0126 0.0012 1.4944 0.0612 107 10.7
2012 2 1 1.1508 0.3447 30.0% 834           976                  626                   724.470     
2012 2 2 0.4386 0.2960 67.5% 406           528                  207                   925.934     
2012 3 All 3.9859 0.6318 15.9% 6,359        4,120               8,022                1,595.434  0.0112 0.0011 1.7653 0.0633 186 20.6
2012 3 1 0.8950 0.3138 35.1% 591           252                  1,065                660.888     
2012 3 2 6.1717 1.0099 16.4% 5,768        3,623               7,234                934.546     
2012 4 All 4.2794 1.0379 26.7% 4,960        3,404               7,902                1,159.150  0.0107 0.0007 1.6522 0.0502 140 11.7
2012 4 1 6.0501 1.6232 29.7% 4,439        2,909               7,313                733.735     
2012 4 2 1.2254 0.4738 49.9% 521           158                  944                   425.415     
2012 5 All     Interpolated Estimate 179           22                    343                   882.576     
2012 5 1     Zone 5 not surveyed 441.179     
2012 5 2     Zone 5 not surveyed 441.396     
2013 All All 2.2331 0.2452 11.0% 19,617      15,396             23,838              8,784.693  
2013 1 All 1.2566 0.3369 26.8% 4,395        2,275               6,740                3497.13 0.0109 0.0007 1.6953 0.0881 137 12.5
2013 1 1 2.3786 0.7135 30.0% 2,010        908                  3,197                845.2
2013 1 2 0.6567 0.1266 19.3% 784           521                  1,108                1193.69
2013 1 3 1.0974 0.6849 62.4% 1,600        304                  3,500                1458.24
2013 2 All 0.7618 0.1424 18.7% 1,257        920                  1,846                1,650.404  0.0117 0.0011 1.5648 0.1023 132 15.1
2013 2 1 1.6127 0.3124 19.4% 1,168        856                  1,702                724.470     
2013 2 2 0.0959 0.0587 61.2% 89             -                   201                   925.934     
2013 3 All 4.9494 0.7957 16.1% 7,896        5,545               10,621              1,595.434  0.0112 0.0008 1.6359 0.0643 160 10.7
2013 3 1 0.9905 0.4132 41.7% 655           146                  1,174                660.888     
2013 3 2 7.7490 1.3379 17.3% 7,242        4,904               9,896                934.546     
2013 4 All 5.1704 1.0853 21.0% 5,993        4,569               9,149                1,159.150  0.0127 0.0019 1.6193 0.0836 146 27.0
2013 4 1 7.3144 1.5709 21.5% 5,367        3,977               8,384                733.735     
2013 4 2 1.4726 0.5393 36.6% 626           290                  1,199                425.415     
2013 5 All 0.0855 0.0349 40.8% 75             -                   134                   882.576     0.0127 0.0019 1.6193 0.0836 146 27.0
2013 5 1 0.1711 0.0735 42.9% 75             -                   134                   441.179     
2013 5 2 0.0000 0.0000 - -           -                   -                    441.396     
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Figure 1.  The five at-sea marbled murrelet conservation zones adjacent to the Northwest Forest Plan 
area.  Inland breeding distribution is shaded (adapted from U.S. Fish and Wildlife Service 1997).  
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Figure 2.  Estimated marbled murrelet densities (birds per sq. km) for each Zone, with 95% confidence intervals, for the years 2000 through 2013.  Note 
that the scale for vertical axes differs between Zones.   
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Figure 3.  Estimated overall marbled murrelet population sizes for Conservation Zones 1 through 5 combined, with approximate 95% confidence intervals, 
for the years 2001 through 2013.  The 2000 estimate is excluded from this graphic and from trend analyses due to likely data bias issues. 
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Figure 4.  Trend analysis results for Conservation Zones 1 through 5 combined, with 95% confidence 
intervals for the trend line.  The 2000 estimate is excluded from this trend analysis due to likely data bias 
issues.  Vertical axis is average murrelet density per square km. 

 

Annual rate (slope) =   -1.19 
95% CI:  -2.91 to 0.57 
Adj. R2 = 0.09 
P = 0.16 
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Annual rate =  -7.37 
95% CI:  -11.04 to -3.55 
Adj. R2 = 0.58 
P = 0.002 

Annual rate =  -3.88 
95% CI:  -7.60 to 0.00 
Adj. R2 = 0.24 
P = 0.05 

Figure 5a 

Figure 5b 

16 
 



 

 

Annual rate =   0.50 
95% CI:  - 2.12 to 3.18 
Adj. R2 = 0.00 
P = 0.69 

Annual rate =   1.57 
95% CI:  - 0.94 to 4.15 
Adj. R2 = 0.06 
P = 0.20 

Figure 5c 

Figure 5d 

 
 



 

Figures 5 a-e.  Trend analysis results at the zone scale for Conservation Zones 1 through 5, with 95% 
confidence intervals for the trend lines.  The 2000 estimate is excluded from analyses for Conservation 
Zones 1 and 2 due to likely data bias issues. 

 
  

Annual rate =   1.37 
95% CI:  - 10.46 to 14.75 
Adj. R2 = 0.00 
P = 0.81 

Figure 5e 
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