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Appendix D - Marbled Murrelet Nest Density/Property Ranking/Cost 
Determination 
Determining Nest Density  
To scale the size of the marbled murrelet restoration project (in terms of the acres of nesting 
habitat needed), the Trustees had to determine nest density (number of acres required for a single 
nest). Below we provide density data from Oregon (Nelson 2005, 2017), Washington (Chambers 
2019, Hamer 2011 Raphael et al. 2002, 2008) and British Columbia (Burger 2002a, Burger et al. 
2004, Conroy et al. 2002, Environment Canada 2014, Manley 1999) to demonstrate the broad 
range of density estimates found in the literature using various field methods. We discuss 
methods and provide what we consider to be a reasonable range of nest density alternatives. 
Finally, we select a nest density value (acres/nest) and estimate the total number of acres 
required as full compensation, the cost of acquisition (based on an evaluation of current 
properties available for purchase) and the total cost of the project.  
Three methods for estimating nest density are noted in the literature. Tree climbing surveys look 
for nests in select tree stands demonstrating structural characteristics associated with nesting 
(generally older age conifers with large limbs containing significant moss buildup, an adequate 
midstory and vertical cover). Audio/visual surveys count individuals returning to forest stands at 
dawn displaying nesting behavior (circling above the tree canopy or flying below 
canopy).  Radar studies count murrelets returning from the sea to watersheds containing nesting 
habitat. All three methods then compare their counts of the number of birds or number of nests 
with some measure of the amount of suitable habitat available. The results of studies using these 
techniques are described below and appear in Table 1.  

Tree Climbing Studies  
Finding marbled murrelet nests is challenging even in what is considered excellent nesting 
habitat (Rodway and Regehr 1999). The first nest in North America was discovered in the Santa 
Cruz Mountains in 1974 (Binford et al. 1975). Additional researchers documented nesting at 
other locations in subsequent years (Conroy et al. 2002, Hamer 1999, Manley 1999, Nelson and 
Wilson 2002). Studies generally consist of climbing a number of trees having physical 
characteristics favorable to nesting in study plots of defined size. Density is then calculated by 
dividing the number of nests discovered by the total plot area. Early estimates of nest density 
were quite high (3-5 ac/nest), but these estimates included both currently active and inactive 
nests created in previous years (Conroy et al, 2002, Hamer 1999, Manley 1999, Rodway and 
Regehr 1999). Climbing studies that counted only active nests estimated nest densities at 10 and 
22 ac/nest (Conroy et al. 2002, Nelson and Wilson 2002).   

Audio-Visual Studies  
Audio-Visual (AV) studies conducted by Nelson (2005, 2017) used methods similar to standard 
AV surveys protocol established for marbled murrelets by the Pacific Seabird Group (PSG) 
Marbled Murrelet Technical Group (Evans Mack et al. 2003). Whereas the PSG protocol was 
primarily designed to document murrelet presence, Nelson used this technique with multiple 
observers to estimate the number of birds nesting in occupied stands. Nelson (2005) looked at ten 
properties with known or suspected occupation. Nest density averaged 37 ac/nest (22-96 ac/nest). 
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Nelson (2017) focused on a single property containing 541 ac of suitable nesting habitat. Nelson 
estimated an average, uncorrected nest density of 45 ac/nest (range 28-108 ac/nest) across both 
years of study.  

Radar Studies  
Burger studied murrelets nesting on Vancouver Island and the British Columbia mainland 
(Burger 2002b, Burger et al. 2004). Radars were placed on boats at sea, near the entrance to 
major watersheds known to contain suitable nesting habitat. Murrelets were identified by the 
size, speed and timing of the radar target. Burger (2002) reviewed bird density data from five 
radar studies of 108 watersheds and calculated three different measures of suitable habitat:   

• Mature/Old Growth (forests >140 years, all elevations) 
• Most Likely Habitat (most likely to predict suitable murrelet nesting areas in each study), 

and   
• Highest Realistic Densities (measures that yielded the highest densities of murrelets)  

The measure “Most Likely Habitat” generated an average density of 64 ac/bird (range 30-112 
ac/bird) and “…was probably a more practical and realistic measure of high-quality suitable 
murrelet habitat.” Burger et al. (2004) examined these data further using three additional habitat 
algorithms. The algorithm Habiatat2 was most likely to predict suitable nesting habitat. Density 
estimates for Habitat2 averaged 53 ac/bird (range 28-92 ac/bird).  
Raphael et al. (2002) collected radar data on murrelets flying inland to 10 watersheds 
surrounding Olympic National Park. Estimated bird densities were a magnitude lower compared 
to those reported by Burger (𝑥𝑥 = 564 ac/bird, range 239-859 ac/bird). The authors corrected their 
density estimate for flock size (some radar targets consist of multiple birds) and provided a 
revised estimate of 150 ha/bird (371 ac/bird). Raphael states “…we would expect that 150 ha 
could support more than a single pair of Marbled Murrelets.” In a follow-up paper, Raphael et al. 
(2006) used an Ecological Niche Factor Analysis Model (ENFA) to estimate the amount of 
nesting habitat. Under their ENFA HS>60 model, the regression between mean population size 
from at-sea counts and acres of habitat produced an average 186 ac/bird. Estimating density 
using ENFA habitat model and Raphael’s earlier radar counts yielded an average density of 396 
ac/bird. Raphael et al. (2008) used information on inland flight behavior from Peery et al. (2004) 
to conclude that 43% of the population at sea is likely to be detected by radar, therefore the 
estimated carrying capacity (K) is approximately 170 ac/bird (396 ac * 0.43).   

Selection of Nest Density Estimate  
Density estimates found in the literature vary greatly between methods, making selection of any 
one number challenging. Nest density estimates vary widely between Oregon (Nelson 2005, 
2017), Washington (Raphael et al. 2002, 2006, 2008), and British Columbia (Burger 2001, 2002, 
Burger et al. 2004) (Table 1). Using the 0.515 correction factor (discussed below), nest density 
averaged 513 ac/nest (range 68 to 1,669 ac/nest).  
Below we compare the results of the three survey techniques (tree climbing, AV and radar 
surveys) and provide what we believe is a realistic range of nest density values supported by the 
literature. Since the more recent articles from key authors (Burger et al. 2004, Nelson et al. 2017 
and Raphael et al. 2008) build upon previous work, the Trustees decided to use values from these 
publications when selecting a final nest density estimate.  
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Tree climbing studies describe nest densities in field plots of arbitrary size and while 
informative, are not directly comparable to nest densities calculated at the stand level. Nelson 
and Wilson (2002) expected nest densities at the stand level would likely be much lower due to 
the clumped nature of habitat patches in their study. Furthermore, density estimates using tree 
climbing data are often based on very few active nests (e.g., Conroy et al. 2002 estimate of 22 
ac/nest is based on only one active nest discovered in 467 trees searched). We therefore do not 
see these estimates relevant for our purpose of determining the number of acres of suitable 
habitat required as compensation for murrelet injuries.  
AV and radar studies provide bird density estimates at the stand and watershed level 
respectively. Both methods count all inbound birds during dawn surveys and assume that only 
one individual of each pair is returning to the nest (to relieve the individual attending the nest 
overnight). If this is not the case, this assumption would result in an overestimation of the 
number of nests in a given area and overestimate nest density. In addition, not all birds flying 
inland are breeding adults (Perry et al. 2004, Schroeder et al. 1998). Some potential breeders and 
non-breeders are also known to fly inland during the nesting season. Perry et al. (2004) 
determined that 0.68 of the murrelets flying inland actually initiated nesting. Schroeder et al. 
(1998) estimated the proportion of nests to birds flying inland was 0.35. We decided to use the 
average of the two (0.515) to convert bird densities expressed as ha/bird into an estimate of nest 
density (ac/nest) (Table 1). This correction factor was applied to both radar data and AV 
estimates of nest density, which counted all inbound birds and therefore must also be corrected 
for non-breeders (Kim Nelson pers. comm.).  
AV surveys have inherent limitations (e.g., Burger 2002b, McShane et al. 2004). Burger (2002) 
summarized the following key limitations:   

• Detections do not give reliable and accurate indicators of the actual numbers of murrelets 
present in a particular stand (Rodway et al. 1993, Paton 1995).  

• Detections show high diurnal and seasonal variability and are strongly affected by 
weather, especially cloud cover and rain (Rodway et al. 1993, Naslund and O’Donnell 
1995, Jodice and Collopy 2000, Rodway and Regehr 2002).   

• Detections do not show the actual sites used for nesting, although they are useful in 
locating nests.  

• Visibility (canopy opening) and to a lesser extent noise (streams etc.) can affect 
detections (Rodway and Regehr 2002).   

• Differences among observers adds variability to the data, despite efforts to standardize 
training and observation techniques.  

• Ground-based observers cannot access all the forests accessible to murrelets.  
In addition, Bigger et al. (2006) noted that counts of marbled murrelets using AV surveys 
showed much higher variation within a given survey site when compared to radar data.   
Radar surveys provide far more accurate estimates of the number of breeding individuals, 
demonstrate greater ability to collect data under poor visibility and are able to sample larger 
areas and detect larger proportions of birds flying inland (Bigger et al. 2006). Nelson addressed 
some of the limitations discussed above by using multiple observers stationed within an occupied 
stand (Nelson et al. 2017). However, the most recent Oregon data comes from AV surveys 
conducted on a single site containing 541 ac of suitable habitat. Surveys indicated that overall 
productivity on the site average 12 active nests across both years of monitoring, for a nest 
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density estimate of 45 ac/nest (range = 28-108 ac/nest). When adjusted for non-breeding 
individuals the final estimated nest density is 87 ac/nest. Despite the limitations of the Oregon 
data (i.e., small sample size, weather dependency, higher variability) we included it in our final 
selection process since the density estimate was similar to Burger’s from Vancouver Island 
(Burger et al. 2004).  
The latest review of radar data from British Columbia (Burger et al. 2004) using the Habitat2 
algorithm (most likely to predict suitable nesting habitat) had a mean bird density of 53 ac/bird. 
When data are corrected for non-nesting birds this corresponds to a mean nest density of 103 
ac/nest (range = 55-178 ac/nest). The most recent review of radar data from drainages 
surrounding Olympic National Park (Raphael et al. 2008) estimated a bird density of 170 ac/bird, 
resulting in a corrected nest density of 331 ac/nest. Raphael’s significantly lower density 
estimates may be due to an overestimate of suitable habitat, or differences in habitat quality or 
marine forage conditions compared to the British Columbia (Raphael et al. 2002).   
Other authors have come up with more recent estimates of nest density using the Burger and 
Raphael data. The Canadian Marbled Murrelet Recovery Team selected a nest density of 124 
ac/nest as an overall, coast-wide estimate of nest density that provides a level of protection when 
evaluating the risk of population declines in British Columbia (Environment Canada 2014). 
Hamer Environmental (2011) evaluated a 271-acre property proposed as compensation for 
anticipated murrelet losses related to a wind energy project in southwest Washington. Hamer 
estimated that the property would support approximately 1 pair of birds (or 271 ac/nest) a value 
similar to Raphael’s 331 ac/nest. Hamer also states that this estimate is conservative because the 
stand could likely support more than one pair in some years. Chambers Group/Western 
Ecosystems Technology (2019) produced a Habitat Conservation Plan for a different wind 
energy project in southwest Washington. The two properties contained 343 acres of suitable 
habitat and were estimated to support 2-4 nests (86-172 ac/nest).  
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Table 1. Studies considered in Trustees’ nest density estimate. 
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The most recent literature supports nest density values of between 87 and 331 ac/nest. Data from 
Oregon (Nelson et al. 2017) and British Columbia (Burger et al. 2004, Environment Canada 
2014) produced similar nest density estimates (87, 103 and 124 ac/nest respectively) as did the 
estimate for a property in Washington made by Chambers and WEST (129 ac/nest). Nest density 
estimates using Raphael’s data from Olympic National Park (Hamer Environmental 2011, 
Raphael et al. 2008) were noticeably lower (271 and 331 ac/nest respectively). Since we are 
considering properties located in British Columbia, Washington, and Oregon, no one data set is 
more relevant than the others. Also, the significant overlap of estimates between locations 
indicates that it would be improper to use a nest density estimate based upon a potential 
property’s location (e.g., using Oregon density estimates for properties located in Oregon). 
Finally, there appears to be a consistent linear relationship between the number of marbled 
murrelets detected and the amount of available habitat (Burger 2002a). Murrelets therefore to do 
not appear to increase nesting density in smaller, fragmented stands (K. Nelson pers. comm.) so 
it would be erroneous to assign higher density estimates to properties containing lower quality 
habitat.   
Because there is no clear, single answer to the nest density question, we are left to use best 
professional judgement informed by literature when selecting our final value. We are less 
inclined to base our selection on either extremely high or low estimates. We therefore suggest 
that any estimate between approximately 100 and 130 ac/nest would be reasonable. Burger 
(2002) suggests that any habitat patch size below about 50 ha (124 ac) would likely experience a 
decrease in breeding success. We therefore select 125 ac/nest as a sufficiently conservative 
estimate for calculating the amount of suitable nesting habitat required to adequately compensate 
for injuries to marbled murrelets from the Mystery Spill. This results in the need for a total of 
425 acres of suitable nesting habitat (3.4 nests * 125 ac/nest). 

Total Acres Required 
We evaluated 20 suitable properties currently on the market and determined that the amount of 
suitable habitat represents, on average, approximately 15% of the total area offered for sale 
(Table 2). We estimate the amount of associated non-habitat likely required to complete the 
purchase at 2,408 acres (85%) for a total of 2,833 acres.  
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Table 2. Acres/percentage of marbled murrelet habitat/non-habitat of 20 properties considered for 
purchase. 

Property 
Nesting Habitat 
Acres >80 yrs 

% Nesting 
Habitat 

Non Nesting 
Habitat Acres 

% Non 
Habitat 

Total 
Acres 

1 103.4 16% 556.3 84% 659.8 

2 59.5 9% 569.0 91% 628.6 

3 16.1 4% 424.3 96% 440.4 

4 57.1 29% 140.7 71% 197.7 

5 39.5 84% 7.7 16% 47.2 

6 41.2 5% 864.6 95% 905.8 

7 12.8 1% 884.8 99% 897.6 

8 157.1 20% 637.6 80% 794.8 

9 0.2 1% 21.6 99% 21.8 

10 1.3 16% 7.3 84% 8.6 

11 4.9 4% 111.5 96% 116.4 

12 58.0 41% 84.1 59% 142.1 

13 21.0 6% 344.6 94% 365.6 

14 25.6 18% 113.5 82% 139.1 

15 58.7 6% 989.5 94% 1,048.2 

16 32.1 6% 542.8 94% 574.9 

17 117.6 10% 1,003.1 90% 1,120.7 

18 155.2 12% 1,094.5 88% 1,249.7 

19 39.4 13% 268.6 87% 308.0 

20 8.1 4% 220.7 96% 228.7 

Average 
 

15% 
 

85% 
 

    
Property Evaluation 
The Trustees evaluated 20 properties in Oregon and Washington containing potential nesting 
habitat for marbled murrelets. A panel of state and federal wildlife biologists ranked properties 
on a scale of 1-10 using the following criteria: 

• Acres of suitable nesting habitat (age 80+ years) 
• Acres of nearly suitable nesting habitat (age 50-80 years) 
• Acres of interior nesting habitat (greater than 197 ft from edge of existing habitat) 
• Murrelet occurrence/occupancy 
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• Distance to ESA final critical habitat/or other federal reserve lands 
• Status of property (currently available?) 
• Distance to marine waters/proximity to high-use marine habitats  
• Adjacent land protections (percent of perimeter adjacent to already protected/occupied 

habitat) 
• Current property protections (none, time limited easements, easements in perpetuity) 
• Encumbrances 

Scores were summed and properties ranked by total score. The top three ranked properties 
contain enough suitable nesting habitat to fully compensate for marbled murrelet injuries.  
Before final selection of properties to be purchased, the trustees will re-evaluate properties 
including any additional properties that have come on the market. 

Estimated Cost 
The estimated cost per acre of the properties identified for acquisition averages approximately 
$6,531/acre, therefore we estimate the total cost of a property meeting our needs at $18,504,500. 
In addition to the cost of the property, there are other costs associated with acquisition such as 
appraisals, title searches, clearances, and other customary real estate costs. In addition, properties 
will require management to ensure they continue to function as marbled murrelet nesting habitat. 
Such actions may include, but are not limited to, necessary inventories (e.g., stand exams, weed 
surveys, stream surveys), access management (e.g., maintenance and repair of roads, culverts, 
road decommissioning and closure), forest management (e.g., thinning to accelerate the growth 
of younger trees into potential nesting habitat) and monitoring (e.g., marbled murrelet occupancy 
surveys) to determine if the properties are meeting the intended restoration goals. We used 
information on the actual costs of these items from the New Carissa oil spill NRDA and 
information provided by a land trust organization to estimate these additional costs (Table 3). 
The total cost for the marbled murrelet habitat acquisition project is $22,229,164.  
Table 3. Estimated cost of securing 425 acres of suitable nesting habitat for marbled murrelets.  

  Acres % Habitat $/acre Estimated Cost 

Suitable Nesting Habitat (>80 yrs) 425 15% $6,531 $2,775,675 
Non-Nesting Habitat (<80 yrs) 2,408 85% $6,531 $15,728,825 

  2,833 100% $6,531 $18,504,500 

Appraisals (1%)       $185,045 
Realty costs (2%)       $370,090 
Commissions (3%)       $555,135 
CE/Management Plan (1%)       $185,045 
O&M (5%)       $925,225 
Monitoring (3%)       $555,135 
Maintenance/Taxes       $948,989 

    
$22,229,164 
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