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The purpose of this memo is to describe the analyses and information that the U.S. Fish and 
Wildlife Service (Service) considered to assess whooping crane collision risk with power lines, 
specifically the potential risks of the Nebraska Public Power District’s (NPPD) R-Project.  The 
Service needed to determine if there was reasonable certainty that a whooping crane would strike 
the R-Project over the course of a 50-year project lifetime; such a collision would constitute 
incidental take as defined under the Endangered Species Act (ESA).  If a reasonable certainty 
regarding incidental take of a listed species exists, the Service advises the applicant (NPPD, in 
this case) to pursue an incidental take permit pursuant to section 10(a)(1)(B) of the ESA.  

The amount of data available to inform an assessment of whooping crane collision risk is limited 
and this lack of data introduces substantial uncertainty into any analysis.  However, after careful 
review of outside analyses and multiple internal assessments, the Service was ultimately able to 
conclude that incidental take of whooping cranes is not reasonably certain to occur due to 
collisions with the power lines in the R-Project.  This memo summarizes all the information the 
Service considered and relied on to assess the possibility of incidental take of whooping cranes 
colliding with the R-Project power lines and to reach this conclusion.  Almost all of the analyses 
described below are included as an attachment to this memo, with the exception of the raw 
USGS telemetry data and the scientific literature we reference on bird flight diverters.  

NPPD 2016 Analysis (attached) 

In their 2016 analysis of the R-Project (NPPD 2016), NPPD concluded that collision risk was not 
reasonably certain to occur and decided not to seek a permit for take of whooping cranes.  
NPPD’s decision is consistent with a subsequent memo (dated April 26, 2018) from the Principal 
Deputy Director of the Service (Service 2018a), which states that it is within the applicant’s 
discretion to seek or not to seek a permit from the Service for take of listed species.  Based on a 
range of assumptions, NPPD (2016) estimated that between 0.006 and 0.16 whooping cranes 
would strike the R-Project over the 50-year life of the project; throughout this document, we 
refer to this statistic as the “whooping crane collision risk.”  Although this presented a wide 
range of possible collision risk (the higher maximum likelihood estimate of whooping crane 
collision risk that NPPD estimated was 27 times greater than its lower maximum likelihood 
estimate), NPPD decided it was sufficiently low not to seek a permit for incidental take of 
whooping cranes. 

Service 2016 Analysis (attached) 

The Service (2016) evaluated and revised certain assumptions in the NPPD (2016) analysis.  
Based on two different methods of analysis and using revised assumptions from the NPPD 



analysis (NPPD 2016), the Service (2016) estimated that between 0.05 and 0.5 whooping cranes 
would strike the R-Project over the 50-year life of the project.  The differences in assumptions 
between the Service’s 2016 analysis and NPPD’s 2016 analysis are detailed in the summary table 
in Service (2016).  The first method the Service used to calculate collision risk evaluated the 
probability of collision using total miles of power lines of the R-Project, similar to the strategy 
NPPD used in their 2016 analysis.  The second method the Service used similarly involved 
calculations with the total length of power lines but also accounted for whooping crane 
population growth over the 50-year life span of the project. 

Service 2017 Analysis (attached) 

The Service subsequently conducted an additional risk assessment in 2017 (Service 2017).  This 
analysis further refined NPPD’s (2016) assumptions and incorporated additional information 
including: proportioning transmission lines versus distribution lines and further refining the 
crane population growth assumptions.  These refinements further clarified the Service’s 2016 
risk estimates.  Service (2017) estimated both 95 percent confidence intervals of possible 
whooping crane collision risk and the maximum likelihood estimates of collision risk (previous 
analyses only included the maximum likelihood estimates).  The 95 percent confidence intervals 
estimated that between zero and five whooping cranes would strike the R-Project over the 50-
year life of the project; the maximum likelihood estimates suggested that between 0.422 and 
0.619 whooping cranes would strike the R-Project over the 50-year life of the project.  Given 
these collision risk estimates over the 50-year life of the R-Project, the Service (2017) concluded 
that take of whooping cranes was not reasonably certain to occur.  The 2017 analysis is included 
in Appendix E of the Draft EIS. 

USGS Telemetry Data 

In 2017, the USGS released new telemetry project data for whooping cranes through a Freedom 
of Information Act request.  These data were collected during a five-year project that tracked 
whooping cranes throughout their range from Aransas National Wildlife Refuge on the Texas 
coast to the Wood Buffalo National Park in Canada.  The telemetry data consist of location data 
from 58 whooping cranes.  The USGS telemetry data were not available to the Service prior to 
publication of the Draft EIS so the Service did not consider the dataset in Service (2017).  The 
Service did, however, attempt to incorporate this data into Service (2018b) and Service (2018c).  

Ecosystems Advisors 2017 Analysis (attached) 

There were two public comment periods for the Draft EIS. The first was May 12 - July 11, 2017 
and the second was September 9 - November 7, 2017.  During the second comment period for 
the Draft EIS, on November 4, 2017, Ecosystems Advisors LP submitted a whooping crane 
collision risk analysis of the R-Project on behalf of private landowners in the Sand Hills of 
Nebraska (Ecosystems Advisors 2017).  Ecosystems Advisors (2017) incorporated an assessment 
of the USGS telemetry data in the context of the future R-Project route.  Ecosystem Advisors 
(2017) predicted that 1.73 to 4.46 whooping cranes would strike the R-Project annually 
(approximately 85 to 223 whooping crane strikes over the 50-year life of the R-Project). 



Davis 2018 (Independent Science Review) (attached) 

Because of the vast differences in results from these various risk assessments, the Service 
retained Dr. Craig Davis with the University of Oklahoma to conduct an independent science 
review of the NPPD (2016), Service (2017), and Ecosystem Advisors (2017) analyses (Davis 
2018).  Davis maintains that the data available to inform an assessment of whooping crane 
collision risk is sparse and the lack of data introduces substantial uncertainty into any analysis.  
Each of the three analyses had to rely on assumptions; however, Davis (2018) identified certain 
assumptions in NPPD (2016) and Ecosystems Advisors (2017) as problematic.  Davis (2018) 
concluded that the NPPD (2016) analysis likely underestimated the collision risk because NPPD 
assumed that all power lines throughout the whooping crane range posed equal whooping crane 
collision risk and because NPPD may not have incorporated all of the best available data.  Davis 
(2018) concluded that Ecosystems Advisors (2017) used the best available data, but likely 
overestimated the collision risk because certain assumptions were problematic; Davis was unable 
to replicate the mathematical logic behind the Ecosystems Advisors (2017) analysis.  The Davis 
(2018) evaluation of Service (2017) highlighted the high degree of uncertainty in the available 
data that documents actual whooping crane strikes with power lines throughout their range.  
However, Davis (2018) concluded the Service’s 2017 analysis remedied a number of NPPD’s 
assumptions and that the Service had used the best available science.  Davis (2018) also 
concluded the Service could have used the USGS telemetry data, if it were available.  However, 
Davis (2018) noted he was “… not sure how much more certainty USFWS would have in their 
projections if they incorporated some spatial and biological parameters as Gil and Weir did, but 
they would likely have refined their estimates. Ultimately, I think they would have come to the 
same conclusion….”  Davis (2018) based his conclusion on the lack of reliable data for actual 
whooping crane/power line collisions in the Great Plains.  In other words, understanding how 
migration paths and whooping crane habitat use interfaces with the proposed R-Project is only 
part of estimating the probability of whooping crane strikes.  To translate that distributional data 
into a risk assessment would require a more comprehensive dataset that identifies the frequency 
of actual whooping crane strikes with power lines.  The USGS telemetry data did not address 
that primary source of uncertainty – actual strikes with power lines - and therefore that 
uncertainty could not be reduced in any of the three risk assessments, even with this USGS 
dataset. 

Ecosystems 2018 Response (attached) 

After reviewing Davis (2018), Ecosystems Advisors submitted a rebuttal report (Ecosystems 
Advisor 2018).  Ecosystems Advisors (2018) stands by its original analysis in Ecosystems 
Advisors (2017) largely without modification.  Ecosystem Advisors (2018) asserts that the R-
Project represents a risk to whooping cranes solely based on its location on the landscape.  The 
Service maintains that Ecosystems Advisors confounded the concept of risk with hazard. 

West 2018 Review (attached) 

Concurrently with the Davis (2018) report, NPPD retained WEST Inc. to evaluate the 
Ecosystems Advisors (2017) analysis.  The WEST (2018) review reflected many of the same 



concerns that Davis (2018) had with Ecosystems Advisors (2017). While Davis (2018) reviewed 
all three risk analyses, WEST (2018) was largely silent on the Service (2017) and NPPD (2016) 
analyses. 

Service 2018b and Service 2018c (attached) 

Subsequent to the Davis (2018) analysis, the Service’s Nebraska Ecological Services Field 
Office (NEFO) attempted to incorporate the USGS telemetry data to analyze whooping crane 
collision risk with the R-Project.  The NEFO completed an initial analysis in August of 2018; 
however, an internal FWS review identified significant concerns regarding the methods and basis 
of this analysis.  Based on those concerns, the NEFO prepared a second risk assessment in 
September 2018 (Service 2018b).  By transmitting the September 2018 analysis, the NEFO 
supervisor officially revised the initial August analysis.  Therefore, the August analysis is not 
included in this summary and the Service did not further consider that analysis. 

Service (2018b) is based on a range of crane population growth rate scenarios and two 
calculation methods; this analysis predicted between 15 and 155 whooping cranes would strike 
the R-Project over the 50-year life of the project.  These estimates present a wide range of 
possible collision risk (the maximum whooping crane collision risk of 155 strikes is 10 times 
higher than the estimated lower bound of 15 strikes), reflecting the high uncertainty in these 
analyses.   

The Service (2018b) analysis utilized two methods; one method results in an estimated number 
of collisions per crossing and a second method results in a number of collisions per crane day per 
mile.  This memo will refer to those as Method 1 and Method 2, respectively.  Both methods 
attempted to utilize USGS telemetry data to further inform their analysis. 

Service staff at the Regional Office evaluated Service (2018b) Methods 1 and 2 in Service 
(2018c) (attached).  Service (2018c) identified significant fatal flaws in the Service (2018b) 
analyses.  Flaws identified included, but were not limited to: 1) a number of assumptions in 
Service (2018b) were not correctly applied; 2) relevant literature was excluded; and 3) a number 
of statistical and mathematical errors were made.  All these errors resulted in a significant 
overestimation of whooping crane collision risk over the 50-year life of the R-Project.  Service 
(2018c) attempted to resolve or correct the flaws identified in Service (2018b).  Service (2018c) 
concludes that if the NEFO had correctly evaluated Method 1, the resultant risk of whooping 
crane strikes would be that approximately 0.46 whooping cranes would strike the R-Project over 
the 50 year life of the project (two orders of magnitude less than the risk estimated in Service 
(2018b)).  For Service (2018b) Method 2, there were a number of mathematical assumptions that 
could not be validated or replicated.  The Regional Office attempted to reevaluate and correct a 
number of assumptions in Method 2 to increase the scientific credibility of the approach.  The 
revised Method 2 estimated that approximately five whooping cranes would strike the R-Project 
over the 50-year life of the project; however the Service concluded that until “…the train of logic 
is clarified and deemed sound, we cannot rely on the Method 2 estimate.”   

Service (2018c) also includes a new (Reasonably Certain Knowledge) whooping crane collision 
risk analysis.  This new analysis reviewed reasonable and best available environmental 



parameters and data, according to the author of Service (2018c).  The new analysis also 
incorporated certain aspects of the USGS telemetry information as a known source of data.  The 
results of the new Service (2018c) analysis predicted 0.58 whooping cranes would strike the R-
Project over the 50-year life of the project.   

NPPD 2018 (attached) 

NPPD revised NPPD 2016 (NPPD 2018) and included the analysis as an attachment to their 
Habitat Conservation Plan (HCP).  This revised analysis (NPPD 2018) attempted to consider 
flaws identified in Davis (2018).  NPPD (2018) estimates that whooping crane collision risk is 
between 0.022 to 0.22 whooping crane strikes over the 50-year life of the R-project.  NPPD’s 
revised analysis (NPPD 2018) closely aligns with the results of two of the Service’s assessments: 
Service (2017) and Service (2018c). 

Mitigation of Power Line Strikes 

All of the quantitative conclusions presented in this memo were determined without any 
correction factor regarding the efficacy of bird flight diverters (BFDs).  NPPD has committed to 
utilizing BFDs for the R-Project, consistent with the Service’s regional guidance (Service 2010).  
Use of BFDs will provide some risk reduction of power lines in the whooping crane corridor. 
While there is a wide range of opinion regarding the effectiveness of BFDs, the vast majority of 
literature reviewed on this subject suggests a risk reduction between 40 percent and 60 percent is 
possible (Morkill and Anderson 1991; Brown and Drewien 1995; Yee 2008; and Murphy et al. 
2016; Barrientos et al. 2011).  The Service concluded it is reasonable to assume that using BFDs 
could reduce collision risk within the range stated in the literature. 

Conclusion 

Overall, the Service’s analysis in Service (2018c) illuminated the flawed methodology in a 
number of the previous whooping crane R-Line analyses and showed that the addition of USGS 
telemetry data is not consequential in evaluating the risk to whooping cranes from the R-Line.  
First, the Service (2018c) demonstrated that if the assumptions and Service (2018b) analyses 
were applied to power lines across the entire range of whooping cranes, or at least the range in 
Nebraska, NEFO’s quantitative analyses (and therefore their life-of-project projections) imply a 
level of effect two to four orders-of-magnitude greater in scale than the scale of the R-Project 
action, thus bringing into question the very plausibility of the NEFO projections (and by similar 
logic Ecosystem Advisors 2017). Therefore, the assumptions in and results of these analyses are 
highly suspect and not considered plausible.  Second, the Service (2018c) analysis also 
conducted sensitivity tests to determine if inclusion of USGS telemetry data in the whooping 
crane risk analyses substantially changed the results; inclusion of this data did not greatly change 
estimates of collision risk, suggesting that this dataset is not determinative for analyses of 
whooping crane strikes with the R-Line.  This exploration confirmed Davis’ (2018) suggestion 
that inclusion of the USGS telemetry data would likely have little effect on collision risk results.  
Additionally, based partially on Davis (2018) and our analysis in Service (2018c), we conclude 
that the Ecosystems Advisors (2017) and Service (2018b) analyses are not reliable and did not 
incorporate the best available science.  



In summary, based on all the analyses conducted for the NPPD R-Project and considering the 
various critiques of these analyses, the Service has concluded that there is a low likelihood of 
whooping crane strikes with the R-Project over the 50-year project life.  If one were to consider 
the effectiveness of BFD’s the likelihood would be reduced even further. The Service therefore 
concludes that incidental take of whooping cranes with the R-Line Project is not reasonably 
certain to occur.   

Though the Service is comfortable concluding that whooping crane collision with the R-Project 
is not reasonably certain to occur, the Service has two recommendations that should further 
corroborate this conclusion and simplify future analyses of similar utility projects.  First, the 
Service recommends that the specific protocol used in Service (2018b) to translate telemetry data 
into an estimate of risk be validation-tested by an independent entity (see Service (2018c) for 
details regarding such a test).  Second, the Service recommends that an independent and broad 
group of experts with knowledge of whooping biology and life history convene to develop a 
comprehensive and scientifically robust methodology for incorporating telemetry data into future 
calculations of collision risk for power lines at a site-specific scale.  This methodology could 
help close a gap in the scientific literature; as evidenced by the volume of analysis on whooping 
crane collision risk from the R-Project, lack of information on how to marry the general risks 
power lines pose to whooping cranes and sparse spatial data on crane distribution makes it 
challenging to evaluate the risks to whooping cranes of a specific power line project.  



Table 1. Comparison of all collision risk assessments reviewed by the Service in preparation of 
the Final EIS regarding NPPD’s R-Project. 

 

Risk Assessment Estimate Low 
over Life of 
Project 

Estimate High 
over Life of 
Project 

Assumptions High Level Summary – 
See each analysis for specific 
descriptions 

    
NPPD (2016) 0.006 0.16 Total miles of power lines within the 

whooping crane corridor, estimates of 
historical mortality with power lines, 
and sensitivity analyses of subsets of 
total power lines that may present risk. 
Uses historical sightings data. 

Service 2016  0.05 0.5 Similar to NPPD (2016) but 
apportioning mortality to periods of 
migration, plus applying variations in 
mortality estimates, and incorporating 
population growth estimates. 

Service 2017 0.422 0.6191 Similar to Service 2016 with variable 
population growth estimators, more 
refined partitioning to proportion of 
whooping cranes in the whooping crane 
corridor and a statistical analysis 
regarding maximum likelihood 
estimation. 

Ecosystems 
Advisors (2017) 

85 223 Assessment of historical mortality data 
corrected with telemetry data, 
assumptions on group size at stopovers, 
partitioning mortality to migration, 
estimation of crossing over power lines. 

Service 2018b 15 155 Method 1, Collisions per Crossing. 
Estimated crossings per mile of line for 
sites with 3.35 miles of power line 
utilizing telemetry data. 
Method 2, Collisions/Crane Day/Mile. 
Estimated crane day use in days per year 
then extrapolated to miles relative to the 
3.35 mile radius from the power line. 

Service 2018c – 
corrected 2018b 

0.46 5 Corrected Methods 1 and 2 in Service 
(2018b) for misapplied assumptions 
from literature, brought in additional 

                                                            
1 Note that, since the other analyses computed maximum likelihood estimates, we are listing the range of 
maximum likelihood estimators from this analysis, rather than the full range of uncertainty from the 95 percent 
confidence intervals (i.e. 0 and 5).  This allows the values in this table to be comparable. 



literature references that were not 
originally used, correcting certain 
estimates derived from the literature, 
expanding sample size of the analyses 
by using sandhill crane data from the 
literature as well as whooping crane 
data.  There were calculation errors in 
Method 2 that could not be rectified or 
reproduced. 

Service 2018c –
Reasonably 
Certain 
Knowledge 
Methodology 

0.58  Developed assumptions from known 
factors such as miles of line, using 
known mortality data from the telemetry 
study, proportion mortality across 
migratory periods based on telemetry 
study, proportion by power line type 
(i.e. transmission vs distribution. 

NPPD 2018 0.022 0.22 Similar to NPPD 2016; appears NPPD 
made some refinements to their 
calculations. 
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NPPD R-Project 
 

Whooping Crane Collision Risk and Likelihood of Take 
& 

NPPD’s Response to Potential Changed Circumstances 
 
NPPD has analyzed the scientific information available regarding the risk posed by electric 
transmission facilities to whooping cranes.  A list of the collision-related reference materials that 
were reviewed by NPPD is attached as Appendix 1. The available information does not support 
the conclusion that the proposed R-Project is likely to take a whooping crane by collision or 
otherwise.    
 
The best available scientific information shows ten documented whooping crane strikes on 
power lines in the United States and Canadian segments of the Aransas-Wood Buffalo 
Population  (AWBP) migratory corridor during the 65-year period of 1950-2015.  Nine of the 
observed strikes involved distribution lines, not transmission lines.  Current information from the 
on-going whooping crane satellite tracking study indicates that mortality is proportionally 
distributed throughout the cranes’ annual cycle.  With the knowledge that mortality is 
proportionally distributed across the annual life-cycle of the bird, accurate measurements of the 
time that the birds spend migrating north and south, and with reliable tallies of the total number 
of cranes lost since 1950, one is able to extrapolate known strike-related mortalities to unknown 
mortalities during migration.  That extrapolation results in an estimate of 28 strike-related 
mortalities in the past 65 years, or 0.47 collisions per year.  A detailed discussion of how that 
number was calculated and used in a risk analysis is included as Appendix 2. 
 
Distribution lines are far more numerous than transmission lines.  The conductors used in 
distribution lines are generally much smaller in diameter than transmission-sized conductors and 
are more difficult to see, though they are similar in size to the shield wires typically used at the 
top of transmission towers.  Distribution lines are installed much closer to the ground than 
transmission lines. 
 
There are approximately 326,000 miles of existing power lines, including approximately 34,000 
miles of transmission lines, in the United States portion of the migratory corridor of the 
whooping crane.  There is no recorded instance of a whooping crane striking a transmission line 
in Nebraska or at any other location north of Texas.   
 
For the purpose of estimating the potential incremental risk of a whooping crane strike that could 
result from NPPD’s proposed R-Project, it is illustrative to perform the following calculation:  
0.47 (annual collisions) ÷ 326,000 (miles of power lines) x 225 (miles of R-Project line) x 50 
(years) = 0.016.  This admittedly treats all miles of power line within the migratory corridor as 
posing an equal collision risk, but there is no model available to characterize differential levels of 
risk posed by existing power lines.  Moreover, the locations of the documented collisions vary in 
terms of adjacent suitable habitat; a few of the collisions even occurred outside the 95% 
migratory corridor.  Thus, there is no scientific way to identify a subset of the 326,000 miles of 
power lines that pose a higher potential risk to the whooping crane.  Even if we were to discount 
200,000 of those miles as posing little risk, a number selected simply for illustration purposes, 
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the incremental risk posed by the R-Project would still be only 0.042 over the 50-year life of the 
project. 
 
The analysis above likely overstates the risk by a substantial margin for at least three additional 
reasons.  First, it assumes the probability of detecting a power line-related mortality is the same 
as detecting other sources of mortality that may occur during migration, such as predation, illegal 
shooting, or weather.  Power lines tend to be located in places relatively accessible to people and 
a carcass of a five foot-tall white bird is highly visible, thus, it seems very likely that mortality 
associated with power lines would have a much higher probability of detection than other 
mortality sources.  Second, our analysis does not restrict the overall number of miles of power 
line based on proximity to suitable habitat.  Yet, of the R-Project’s 225 total miles of 
transmission line, only 123 are within one mile of potentially suitable stopover habitat, meaning 
that the analysis probably attributes collision risk to almost twice the amount of R-Project line 
mileage that may actually pose any potential risk to the migrating whooping crane.  Third, the 
analysis omits any reduction in risk attributable to use of bird flight diverters.  None of the ten 
documented strikes occurred on lines marked with bird flight diverters.  The available 
information shows that bird flight diverters are effective in reducing bird strikes by roughly 50 to 
80 percent in the case of cranes and waterfowl.  NPPD will fully comply with the Service’s 
guidance for avoiding and minimizing whooping crane collision risk from power lines by 
marking 123 miles of the R-Project along with 123 miles of other, existing lines in locations 
approved by the USFWS.  
 
NPPD’s investment in line-marking to maintain the existing, baseline level of collision risk will 
be approximately $2.5 million.  It is illustrative of the relationship between line-strikes and 
whooping crane conservation to consider that, based on the best currently available scientific  
information, approximately 13,889 miles of power line would need to be marked with bird flight 
diverters to reduce whooping crane collision risk by the equivalent probability of one bird in the 
next 50 years.  The calculation is: 1 (whooping crane) = 0.47 (annual collisions) ÷ 326,000 
(miles of power lines) x 13,889 (miles of line) x 50 (years).  The cost of marking 13,889 miles of 
power line would be roughly $140 million.  We note by way of context that the most recent 
USFWS recovery plan for the whooping crane estimates that the cost of measures to diminish 
collision risk to an acceptable level will be $93,000.   
 
Whooping cranes are known to favor certain types of habitat for roosting or feeding during 
migration.  The available evidence shows that the birds use shallow depressional wetlands or 
large, shallow riverine habitat for roosting and upland crops as feeding sites.  There are 288,000 
acres of land within one mile of the centerline of NPPD’s R-Project.  Of those acres, 
approximately 9,700, or 3.37 percent are wetlands that have the habitat characteristics favored by 
whooping cranes as  potential suitable stopover sites, based upon the habitat suitability 
assessment done by NPPD.  Ninety-six and one-half (96.5) percent of the acres within 1 mile of 
the R-Project are not wetlands that would be potentially suitable for stopover habitat.  Because 
NPPD included hydric soils in the definition of wetlands when doing the habitat suitability 
assessment, the great majority of the remaining areas are xeric grasslands which have very little 
potential for use by whooping cranes. 
 



3 
 

The available facts applied to the best available science do not lead to the conclusion that the 
proposed R-Project will likely take a whooping crane by collision.  Neither the nature of the 
transmission line, nor its location within particular types of habitat, would give rise to any reason 
to discount or disregard the best available scientific information.  As such, NPPD does not intend 
to seek a permit to take a whooping crane and does not intend to treat the whooping crane as a 
covered species in the R-Project Habitat Conservation Plan.   
 
NPPD recognizes that information may emerge over time that could affect the scientific 
community’s understanding of the whooping crane collision risk associated with the R-Project.  
New information may show a lower or a higher potential risk.  NPPD understands that, if new 
information emerges that suggests that the risk is significantly higher, the Service might 
conclude that take is likely.  Thus, NPPD intends to address new collision risk information as a 
“changed circumstance” in the HCP, as that term is defined in the ESA permit regulations (50 
C.F.R. § 17.22(b)(5)). 
 
The trigger for the changed circumstance will be if one or more whooping crane strikes the R-
Project or a similar transmission line in the United States segment of the AWBP migratory 
corridor.  NPPD considers a “similar” transmission line to have three defining characteristics: 
(1) the strike must occur on a transmission line designed to carry 345 kilovolts or more of 
electricity, and (2) the transmission line where the strike occurred must have been marked with 
bird flight diverters with a design that is documented to be at least as effective as those installed 
by NPPD on the R-Project, and (3) the strike must occur in a location with whooping crane 
habitat similar to habitat adjacent to the R-Project (i.e., wetland grassland mosaic). 
 
NPPD’s response to that changed circumstance will be to seek to amend the HCP and incidental 
take permit for the R-Project to include the whooping crane.  If NPPD seeks to amend the 
R-Project HCP to include the whooping crane in response to changed circumstances, NPPD will 
provide funding equal to the cost to install bird flight diverters on 61.5 miles of transmission line, 
or $615,000 (in 2016 dollars), whichever is less.  The funds will be provided to a non-profit 
organization located in Nebraska or an adjacent state in the AWBP flyway with a mission to 
conserve whooping crane habitat or otherwise to benefit specifically the whooping crane, 
provided that the organization must provide reasonable assurances that the funds will be used 
solely for that purpose.   
 
At some point in the future, NPPD may seek to obtain a take permit for whooping cranes through 
either a programmatic permit for NPPD’s entire system or as a member of a utility group that 
obtains take approval for a larger set of power lines.  In such case, the R-Project’s ESA-related 
compliance obligations will likely be covered under that broader effort, and the response to 
changed circumstances detailed in the preceding paragraph may not be applicable. 
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Appendix 2 
 

R-Project Whooping Crane Mortality Risk Assessment 
 

Nebraska Public Power District (NPPD) recognizes that power lines within the Aransas-
Wood Buffalo Population (AWBP) migration corridor represent a possible mortality 
source to whooping cranes.  However, accurately predicting whether, when, or where a 
collision may occur is not possible by looking at the historic data.  Additionally, since the 
first reported mortality in 1956, the number of power line miles in the flyway and the 
whooping crane population continue to grow with no corresponding increase in mortality 
during migration (Figures 1 and 2).  Therefore, the rate of mortality as typically 
measured (percent of population or mortalities per mile of line) is actually decreasing 
(Figure 2), indicating that new power lines do not automatically equate to new mortality.  
Due to the fact that whooping crane mortality on power lines has been documented but 
the data does not indicate an increasing rate of incident, even though both the number 
of whooping cranes and miles of power lines are increasing, NPPD completed a risk 
assessment to evaluate the probability of take on the R-Project.  
 
U.S. Fish and Wildlife Service (USFWS) Region 6 has issued guidance that indicates 
that marking new power lines within one mile of potentially suitable stopover habitat, 
together with an equal amount of existing power lines within one mile of potentially 
suitable stopover habitat, should be sufficient to maintain the baseline condition for 
power line mortality threat to whooping cranes, and result in an insignificant and/or 
discountable effect on the species.  This approach is based on the concept that risk 
posed by new structures can be mitigated by marking existing power lines in the 
migration corridor (USFWS 2009).  NPPD is committed to following this Region 6 
guidance for the R-Project.  Based on this guidance, and the risk analysis described 
below, NPPD does not believe that the R-Project will result in take of a whooping crane 
and, thus, no incidental take permit for the crane is necessary.1  
 
Available Data 
  
Population Data. In 1939, the total number of individuals in the AWBP was 18 birds 
(Texas 2013 and Didrickson 2011).  In 2016, it is estimated that the AWBP has 
increased to 329 (USFWS 2016).   
 
Power Line Data.  The USFWS (2009) estimated  transmission line miles in the AWBP 
states using a  Western Area Power Administration  data set.  NPPD used that same 
data set to estimate there are 86,657 miles in 2016.  Table 2 below provides the 
breakdown of those transmission line miles by state, as well as the amount of line miles 
that are estimated to be within the whooping crane migratory corridor. 
  

                                                 
1 See the Changed Circumstances section of the R-Project Habitat Conservation Plan for addressing future changes 
in collision-risk information. 
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Table 2.  Transmission Line Miles  

 
State Transmission Line 

Miles in State 
Percent of State in 
Migratory Corridor 

Transmission Line Miles 
in Migratory Corridor 

Texas 44,199 28.0% 12,375 
Oklahoma 8,696 49.7% 4,322 
Kansas 9,538 47.7% 4,550 
Nebraska 9,377 51.8% 4,857 
South Dakota 6,227 47.1% 2933 
North Dakota 8,617 60.7% 5,231 
Total 86,654 -- 34,268 

 
Based on inquiries to the state rural electric associations, there are roughly 689,000 
miles of rural distribution lines not including most municipalities in the six central flyway 
states. Table 3 below provides the breakdown of those distribution line miles by state, 
as well as the amount that are estimated to be within the whooping crane migratory 
corridor. 

 
Table 3.  Distribution Line Miles  

 
State Distribution Line Miles 

in State 
Percent of State in 
Migratory Corridor 

Distribution Line Miles in 
Migratory Corridor 

Texas 257,000 28.0% 71,960 
Oklahoma 117,000 49.7% 58,149 
Kansas 91,000 47.7% 43,407 
Nebraska 100,000 51.8% 51,800 
South Dakota 65,000 47.1% 30,615 
North Dakota 59,000 60.7% 35,813 
Total 689,000 -- 291,744 

 
 
These data indicate that there are an approximate total of 326,000 miles of transmission 
and distribution lines within the AWBP migratory corridor.  This number is obviously 
dynamic and thus was rounded to the nearest thousand miles.  Most, if not all, of these 
power lines were built after the Rural Electrification Act of 1936. 
 
While migrating, cranes tend to fly between elevations of 1,000 to 6,000 feet.  It is at the 
start of the day, taking off from their roosting or feeding location, and at the end of the 
day, coming down to feed or roost, that cranes are most susceptible to collision (Stehn 
2007). As noted above, the 2010 USFWS Region 6 guidance recommends marking 
new power lines and an equal amount of existing power lines that are located within one 
mile of potentially suitable stopover habitat.  This one-mile distance is based on Brown 
et al. (1987), which indicates that the threat to cranes posed by collision decreased to 
zero when the power line was located a mile (1600 m) or more from where the bird took 
flight.  These data do not indicate the type of relationship between distance from flight 
origin and potential for collision; they only state that at one mile the risk drops to zero.  
The actual relationship is likely a high reduction in risk within only a short distance.  
Morkill (1991) indicates that sandhill cranes that initiate flight more than 250 meters 
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from the line were high enough when going over a line that they did not react to it.  
Studies on the Platte River indicate that more than 60 percent of collisions at night 
occurred when sandhill cranes were flushed from locations less than 500 meters from 
the line (Murphy et al 2009). 
 
Wetlands suitable for overnight roost sites for migrating whooping cranes are available 
throughout the migration corridor.  Associated feeding sites within agricultural fields that 
are proximate to wetlands, are also available throughout the corridor (Stehn 2007 from 
Stahlecker 1997a, 1997b). Currently, no model is available to estimate how many power 
line miles are within one mile of suitable habitat, nor is there a model to exclude miles of 
line that may not be a threat to whooping cranes.  The data on whooping crane 
collisions is very limited in describing the habitat conditions at collision sites.  But when 
cover type at the collision site is noted, the information shows that the collisions 
occurred in agricultural areas (Stehn and Wassenich 2008) and not at wetlands.   
 
Collision Data. The USFWS states that power lines are the greatest known source of 
mortality for fledged whooping cranes (Stehn and Wassenich 2008, USFWS 2009 b).  
Between 1959 and 2010, 49 whooping cranes have been documented as being killed 
by colliding with power lines.  The bulk of power line mortalities have occurred in the 
experimental introduced flocks (i.e., the Rocky Mountain, Florida Non-Migratory, and the 
Wisconsin-Florida Migratory).  Of these 49 deaths, ten have occurred in the AWBP 
between 1956 and 2014 (Stehn and Haralson-Strobel 2014- conflicts with the nine 
reported in Stehn and Wassenich 2008), 21 in the Florida Non-Migratory Flock between 
1997 and 2010, 13 in the non-extant Rocky Mountain Flock between 1977 and 2000, 
and six in the Wisconsin-Florida Migratory Flock between 2001 and 2009 (Stehn and 
Wassenich 2008, USFWS 2009 b).  The ten documented mortalities of whooping 
cranes in the AWBP are detailed in Table 1, below. 
 

Table 1.  Ten Whooping Crane Collisions in AWBP Flock 
Month Year State/Province Line Type 

May 1956 TX Transmission 
November 1965 KS Distribution 
April 1967 KS Distribution 
October 1981 SK Distribution 
October 1982 TX Distribution 
October  1984 ND Not Available 
October 1988 NE Distribution 
October 1989 NE Distribution 
October 1997 SK Distribution 
April 2002 TX Distribution 

 
The R-Project will not have the potential to take any of the individuals from the 
experimental flocks. Data from those flocks are not used in this analysis because the 
differences between the experimental flocks and the AWBP are considerable; these 
differences include biological, behavioral, managerial, and environmental factors.  Most 
notably, (1) exposure rates to power lines are much higher in all experimental flocks, 
(2) there is greater human incursion into stopover habitat along the migratory pathway 
of the experimental flocks, and (3) the AWBP is the only self-sustaining flock and, thus, 
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the only flock where young learn from the experiences of their parents. Thus, because 
consolidating the data for the experimental flocks and the AWBP does not accurately 
assess the risk that the AWBP encounters relative to mortality sources in the central 
flyway, this risk analysis does not use any of the information related to the experimental 
flocks. 
 
To perform this risk analysis, NPPD used the ten whooping crane power line mortalities 
within the AWBP in the last 60 years, proportionally expanded to account for unknown 
mortalities as described in the next section below. 
 
Mortality Estimate. According to Stehn and Haralson-Strobel (2014), the total mortality 
in the AWBP between 1950 and 2010 is 546 (taken from the text, Table 1, in Stehn and 
Haralson Strobel indicates 541 total mortalities).  Only 50 of these 546 deaths, or about 
9.2%, identified cause of mortality, as the majority of birds that disappear from the 
AWBP are completely unaccounted for (Stehn and Haralson-Strobel 2014).  It has been 
reported that 80% of mortality occurs off the wintering grounds and likely occurs during 
migration (Lewis et al. 1992, Stehn and Haralson Strobel, 2014).  The satellite tracking 
study currently being completed, indicates this past assumption to be incorrect, and 
indicates that mortality is proportional to the whooping crane’s life cycle (Brandt 2014).   
 
The whooping crane is in migration approximately 17% of the year (USFWS 2009).  
Thus, the number of mortalities that occurred during migration is estimated at 93 (17% 
of 546).  Out of the 50 recovered carcasses, 28 occurred during migration (Stehn and 
Haralson-Strobel 2014).  Out of those 28, 10 were known to be caused by collision with 
power lines (Stehn and Haralson-Strobel 2014).  In other words, approximately 36% of 
identified mortalities during migration can be attributed to power lines.  Applying this 
ratio to the 93 estimated mortalities during migration, approximately 34 whooping 
cranes have collided with power lines in the migratory corridor in the United States and 
Canada since 1956.  With 80% of the known collisions occurring in the United States (8 
out of the 10), it can be estimated that 28 of these 34 collisions occurred in the United 
States. Canada was excluded from analysis because there is no known estimate of the 
miles of power line that exist in the migration corridor.  This equates to 0.47 crane 
collisions per year (28 collisions over the 60-year period from 1956 to 2016). 
 
It should be noted that there is no indication that there is a causal relationship between 
the number of miles of power line and the number of whooping crane; as both the 
number of whooping cranes and number of miles of power line have increased; there 
has not been a corresponding increase in collision mortality (Figure 2).  As a result, the 
mortality rate per mile, or as a percentage of the population, is actually lower then if the 
analysis had been done at a different time. 
 
Potential Risk-Assessment Methods 
 
Exposure Rates.  One potential method of risk assessment would be to estimate the 
number of mortalities calculated as a percentage of the number of times cranes crossed 
a power line.  This method has been used in evaluating the effectiveness of line 
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markers for sandhill cranes and waterfowl (Brown et al. 1987, Morkill 1991) because it 
standardizes collisions relative to the exposure rate.  This risk-analysis method requires 
extensive exposure-rate data that do not exist for the AWBP.  Moreover, power line 
collision mortality in the AWBP does not appear to be associated with known high-use 
areas (Figure 3).  Sandhill cranes in Nebraska have a mortality rate of approximately 1 
mortality per 100,000 exposures (Morkill 1991); indicating that collecting this type of 
data for whooping cranes would not be possible, but also indicating that factors other 
than just high exposure rates, likely plays a role in whooping crane power line 
interactions; therefore, NPPD did not use this method.   
 
Probability of Collision Based on Line Miles.  Another risk-assessment methodology is 
to estimate risk based on the number of collisions as compared to the number of miles 
of power line.  As discussed above, there are approximately 326,000 miles of power line 
within the U.S. portion of the AWBP migratory corridor.  If we assume that all of these 
power lines have an equal probability of collision, the per-mile risk of mortality would be 
0.0000014 cranes per mile per year (0.47 crane per year divided by 326,000).   
 
NPPD recognizes it is unlikely that all of the 326,000 estimated miles of power line pose 
a similar level of threat to the crane. NPPD is aware of several different efforts to model 
whooping crane habitat in the flyway relative to the probability of use.  However, due to 
the very limited number of documented mortalities, the fact they are widespread, both 
temporally and spatially, (Figure 3) and do not appear to be related to areas with 
frequent use, it is difficult to envision how even a model that accurately predicts 
probability of use could predict probability of collision.  NPPD used a model to identify 
potentially suitable stopover habitat as a means to comply with the Region 6 Guidelines, 
but did not attempt the kind of models that predict probability of use due to the apparent 
lack of correlation between use and collisions.  Additionally, NPPD does not know how 
a model of predicted use would relate to the places mortality occurred.  For this reason, 
NPPD used the entire 326,000 miles, and addressed it in a sensitivity analysis included 
herein, but we recognize that the state of the science is not settled to the point that 
broad consensus exists on the best approach to modeling.   
 
Application to the R-Project 
For the proposed R-Project, 225 miles of new transmission line will be constructed in 
the AWBP migratory corridor.  Applying the probability-collision-risk estimation 
methodology from above (using all 326,000 miles of power line) to the 225-mile 
R-Project would equate to a risk of 0.000315 cranes per year (225 * 0.0000014) or 
0.016 cranes per the 50-year project life (0.000315 * 50).  This risk does not take into 
account the 50% to 80% risk reduction achieved through line marking or the fact that 
much of the power line is not near potentially suitable stopover habitat. 
 
Assumption Sensitivity Analysis 
There are assumptions used in the above estimation, and the data set is very small; 
therefore a sensitivity analysis is provided, below, for the reader to evaluate the effects 
of those assumptions. 
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Data Assumption 1 – Miles of power line used were 326,000.  Use of all miles was 
based on 1) collisions where land cover was documented to have occurred in 
agricultural lands (Stehn and Wassenich 2008) and 2) when a 1 mile buffer is put 
around NWI wetlands, it encompasses virtually the entire flyway.  Further modification 
of how NWI data may represent suitable habitat may be possible but USFWS (2009) 
also indicates that wetland habitat is available throughout the flyway so it was not 
undertaken.  While figuring out a logical way to identify which mile of power line to use 
may be difficult, understanding what reducing the number of miles means is not.  The 
model is simple division and multiplication with the following equations. 
 

Crane mortalities per year/miles of power line = probability of collision/mile/year 
 
Probability of collision/mile/year* Miles of R-Project*Years in Service= Probability of 
collision in life of line. 

 
Because of that, a reduction in line miles produces an equal but inverse result in the 
probability of collision (i.e. decrease line miles by half, doubles risk estimate) 

 
Original analysis = 0.47/326,000=0.0000014 collision/mile/year 
 0.0000014*225*50=0.016 probability of collision in 50 year period 
 
Half of all lines risk analysis = 0.47/163,000=0.0000029 collision/mile/year 
 0.0000029*225*50 =0.032 probability of collision in 50 year period. 
 
10% of lines risk analysis = 0.47/32,000=0.000014 collision/mile/year 
 0.000014*225*50=0.16 probability of collision in 50 year period. 
 
Without knowing why a mile of power line would not be considered a risk and how this 
would apply to the R-Project, any reduction in line miles would be arbitrary, but it is 
illustrative to see the affect based on the above equations. Conversely, the potentially 
suitable habitat analysis indicated that 123 miles of the R-Project are within 1 mile of 
potential suitable stopover habitat.  That would change the original equation to: 
 
 0.0000014*123*50=.009 probability of collision in a 50 year period. 

 
Data Assumption 2 – Power line mortality estimates are proportionally assigned to all 
mortality during migration, requiring an assumption of equal probability of detection.  
While it seems highly likely that not all power line mortality is observed, it also seems 
likely it is detected at much higher levels than numerous other sources of mortality, such 
as predation, disease and even intentional shooting.  However, like the other 
assumption, there is no good way to address this assumption but it can be bracketed as 
to the outer extremes. 

 
• The original analysis provided would be the upper extreme. 
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• Assume all collisions have been documented. Total of 10 individuals collided or 
0.17 individuals per year (9/60 years).  This equates to a mortality rate of 
0.0000005/mile/year.  Making the original analysis equation:  
0.0000005*225*50=0.006 probability of collision in 50 years 

 
 
Conclusion 
Intuitively, it is tempting to assume that any new miles of power line will create a new 
source of potential mortality for whooping cranes; however, the above analysis 
demonstrates that any actual incremental risk is very small. Empirical data indicates that 
the reality of adding new power lines, coupled with a growing whooping crane 
population, have not resulted in an increase in mortality due to collisions (Table 1, 
Figures 1, and 2).  Since 1993, it is estimated that the extent of transmission line in the 
flyway has increased by over 8,400 miles, and the whooping crane population has 
doubled, and yet there is only one documented collision mortality in that time period. 
 
With only ten documented power line mortalities in the AWBP in the past 60 years, any 
interpretation of the threat power lines pose to this population requires making 
numerous assumptions and extrapolation of a very limited data set.  NPPD has clearly 
stated what those assumptions are and how the data was extrapolated in this analysis, 
and evaluated the sensitivity of those assumptions to change.  NPPD concludes that the 
risk of whooping crane mortality on the R-Project is low enough that after the Region 6 
Guidelines are implemented, the risk becomes insignificant or discountable.  This 
conclusion is based on the limited empirical data at hand, which is: 

 
• Only 10 documented mortalities in the AWBP in 60 years. 
• The population has grown from 15 birds to the current 329 at the same time 

power lines went from basically zero on the landscape to what exists today. 
• The AWBP continues to grow at 4.6% over the past 70 years.  
• Documented mortality has not occurred in the identified high-use areas, which 

makes predicting where mortality will occur using past data impossible. 
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Figure 1. Whooping crane population growth and mortality from 1950 to present 2010.  
Data from Stehn and Haralson-Strobel 2014 
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Figure 2.  Transmission line development and whooping crane mortality.  Whooping 
crane data from Stehn and Haralson-Strobel 2014.  Transmission line data from the 
Western Area Power Administration 2012 
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Attachment 2: Service 2016 Analysis  

“R-Project Whooping Crane Collision Risk and Take Calculation 

Comparison of Service and Nebraska Public Power District Estimates” 



R-Project Whooping Crane Collison Risk and Take Calculation 

Comparison of Service and Nebraska Public Power District Estimates 

26 July 2016 

 

 

Knowns and Assumptions 

 326,000 miles of power lines in the Central Flyway  

 R-Project proposes 225 miles of new 345 kV transmission line in the Central Flyway 

 There are 329 whooping cranes (WHCR) in the Aransas Wood Buffalo population 

(AWBP) in 2016 

 AWBP growth rate – 4.6% annually 

 

**red text highlights differences between the Service and NPPD 

 

Whooping Crane Mortality Calculation  

 

Parameter Service NPPD 

Miles of line in Central 

Flyway 

326,000 miles 326,000 miles 

# whooping cranes in AWBP 

(2016) 

329 birds 329 birds 

Total mortality of WHCR 

between 1950-2010 

546 birds 546 

# of WHCR carcasses found 

1950-2010 

50 (9.2%) 50 (9.2%) 

# of AWBP cranes killed by 

power lines 

10 birds 10 birds 

When mortality is most likely 

to occur 

During migration (56%1 of 

mortalities occur during 

migration; 56%*5462 = 306 cranes 

died during migration) 

Proportional to the WHCR lifecycle3 

(17% of life spent migration so 

17%*546 = 93 cranes died during 

migration) 

% Mortality during migration 

due to power line strike 

36% (10 mortalities due to power 

lines/28 migration deaths) 

36% (10 mortalities due to power 

lines/28 migration deaths) 

# of WHCR collided with 

power lines in the Central 

Flyway 1950-2010 

=36%*306 crane mortalities 

during migration = 110 cranes 

=36%*93 crane mortalities during 

migration = 34 cranes 

% of collision occurring in 

the US (this removes 

Canadian collisions) 

82% 82% 

# of WHCR collided with US 

power lines in the Central 

Flyway 1950-2010 

=.82*110=90 cranes .82*34=28 cranes 

Crane collisions per year  

(1950-2010) 

90 cranes/60 years = 1.5 

cranes/year 

28 cranes/60 years =.47 cranes/year 

                                                 
1Lewis et al., 1992; Howe 1989 
2Stehn and Haralson Stroble, 2014. 
3NPPD used an unpublished study that utilized 14-16 telemetered whooping cranes in order to utilize 17%. The 

study has not yet been peer reviewed and the sample size is extremely small. This study also banded more juveniles 

than are representative of the population as a whole; additionally, this study utilizes a very short time period, making 

factors such as weather, predation and disease factors as well.  



R-Project Whooping Crane Collison Risk and Take Calculation 

Comparison of Service and Nebraska Public Power District Estimates 

26 July 2016 

 

 

 

Probability of Collision based on Line Miles + Application to R-Project 

 

Parameter Service NPPD 

# of miles of power line in 

Central Flyway in US 

326,000 miles 326,000 miles 

Per mile risk of mortality 1.5 cranes per year/326,000 miles 

of line = .0000046 cranes per 

mile per year 

.47 cranes per year/326,000 miles 

of line = .0000014 cranes per 

mile per year 

R-Project line length 225 miles 225 miles 

Permit duration 50 years 50 years 

Take of cranes per year for the R-

Project 

=225 miles*.0000046 

cranes/mile/year = .001 cranes 

per year 

=225 miles*.0000014 

cranes/mile/year = .0003 cranes 

per year 

Take of cranes over the 50 year 

permit duration 

=.001*50=.05 cranes per the 50 

year permit duration 

.0003*50 = .016 cranes per the 

50 year permit duration 

 

 

Probability of Collision Recalculated based on Line Miles Accounting for Continued 

Growth in Whooping Crane Population over the 50-Year Permit Duration 

 

Parameter Service NPPD 

# of cranes in the AWBP pop 329 329 

Growth rate of AWBP  4.6% Do not assume any population 

growth over 50 year permit 

duration 

# of cranes in 2068 (permit 

duration of 50 years; construction 

ends in 2018) 

3,281 cranes N/A 

Ratio to determine # of 

collisions/year in 2068 given a 

4.6% growth rate for AWBP 

329/3281 cranes = 1.5/x 

cranes/yr – in 2068, the 14.66 

cranes/year would be killed by 

collision with power lines 

N/A 

Updated per mile risk of 

mortality 

14.66 cranes per year/326,000 

miles of power line = .000044 

N/A 

Updated take of cranes per year 

for the R-Project 

=225*.000044 = .01 cranes/year N/A 

Updated take of cranes over the 

50 year permit duration 

=.01 cranes/year * 50 years = .5 

cranes per the 50 year permit 

duration 

N/A 

 

 

Conclusion – take of at least 1 whooping crane is likely over the 50 year permit duration.  

 

 



Attachment 3: Service 2017 Analysis

“R-Project Transmission Line Risk Assessment for Potential Whooping 

Crane Collisions (Strikes)” 



R-Line Risk Assessment for Whooping Crane Collisions (Hits)

Step 1: Project Total Crane (round-trip) Migration Years for 2018-2068 

The projected number of crane migration years (hereafter, “crane-years”) depends on the expected 

growth rate for the population and how the growth rate is expected to change over 50-year period of 

interest.  Just for clarity, if a steady population of 100 cranes were to depart from the wintering grounds 

for 5 consecutive years, a total of 500 crane-years would be tallied. 

Six population growth scenarios will be examined. 

Wilson et al. (2016), constructed an integrated population model (IPM) for the Aransas-Wood Buffalo 

population of whooping cranes based on data for 1977-2013 and reported a mean annual growth rate of 

4.0% with 95% confidence limits of 3.5-4.6%.  Thus, three growth scenarios were examined, average 

annual growth rates of 3.5%, 4.0% and 4.6%. 

However, over a 50-year period, these initial growth rates might be affected by limited carrying capacity 

for cranes on the landscape.  Consultation with crane biologists identified wintering habitat as the likely 

most limiting resource.  Metzger et al. (2014) estimated current wintering habitat carrying capacity at 

2,638 cranes and projected that the capacity would decline to 1,465 cranes by the year 2100.  However, 

almost all of the decline is attributed to climate change, and is expected to occur primarily after the year 

2068 (largely after the year 2080).  Therefore, for this assessment, the limit to population growth will be 

considered 2,638 cranes. 

Three scenarios therefore will project density-dependent population growth.  However, Butler et al. 

(2013) noted that growth to date from 18 cranes in winter 1938-39 to 283 cranes in winter 2010-11 

showed no evidence of density dependence.  Thus, the density dependence scenarios examined in this 

assessment will assume a mixed model wherein growth is density-independent until one-half of carrying 

capacity is reached (1,319 wintering cranes) and thereafter is linearly density-dependent.  When 

density-dependent growth would kick-in is unknown, assuming it would occur at one-half of carrying 

capacity is simply a middle-of-the-road guess.  Any other guess can be substituted and the number re-

run accordingly. 

Both Wilson et al. (2016) and Butler et al. (2013) made mention of the possibility (and observations of) 

that as the population grows habitats used by the population may expand beyond the area assessed for 

carrying capacity by Metzger et al. (2014).  Also, it was indicated that Metzger was even in the process 

of updating habitat capacity estimates for a larger wintering area than was considered in Metzger et al. 

(2014) [W. Harrell, email, August 10th, 2016].  In light of these multiple comments/observations, three 

additional scenarios for population growth examined in this assessment were for continuous density-

independent growth at the average annual rates of 3.5%, 4.0%, and 4.6%. 



Thus, for each average annual growth rate, there is a density-dependent (DD) and a density-

independent (DI) growth scenario (total of six growth scenarios); keeping in mind that the DD scenarios 

are actually mixed DI and DD models (however, hereafter will be referred to as simply the DD scenarios). 

Results:   As per the Excel tables titled: “Whooping Crane_Power Line 3_5”; “Whooping Crane_Power 

Line 4_0”; and “Whooping Crane_Power Line 4_6”; the 50-year cumulative number of crane-years 

projected for 2018-2068 vary from a low (3.5% DD growth) of 47,593 to a high (4.6% DI growth) of 

69,731.  Density-dependence effects ( i.e., wintering habitat carrying capacity effects) have only a 

modest influence on estimated crane-years, depressing the numbers by only 1.13%, 4.13%, and 10.43% 

for the three ascending initial growth scenarios (3.5%, 4.0%, and 4.6%).  This is because even under the 

highest average annual growth rate scenario, one-half of wintering carrying capacity is not reached until 

fairly late in the 50-year project time window.  The estimates of population size in the year 2068 range 

from 1,831 cranes to 3,411 cranes.  The estimates of density-dependent population growth rates in 

2068 range from 1.18% to 2.23% (see summary in Excel table titled: “whooping crane scenario 

summary”).   

Special Note:  

Matt Butler, crane population modeler, indicated in an email to Robert Harms (August 11th, 2016) that 

the Butler et al. (2013) model predicts a 95% upper confidence limit of 1,847 cranes with a maximum 

likelihood estimate of only 1,485 cranes for the year 2068.  Since the only numbers I had for that model 

were the terminal, year 2068, projections, I was not able to do a full 50-year scenario for that model.  

Thus, it should be appropriately considered that five of the six simple scenarios examined for this 

assessment yield population growth estimates higher than the Butler model’s 95% upper confidence 

limit and that it is Matt Butler’s expert expectation that the total crane population in the year 2068 

would be no higher than about 1,000 to 1,500 cranes. 

 

Step 2: Estimating the Rate of Power-Line Hits Per Crane-Year 

Stehn and Haralson-Strobel (2014: Table 2) present information for 50 documented mortalities in the 

Aransas Wood Buffalo crane population that occurred between 1950 and 2010.  Among those 

documented mortalities, 28 of 50 occurred during migration, or 56% (97.5% binomial confidence 

interval of 40.33-70.61%).  Among the 28 documented mortalities that occurred during migration, 26 

had a known cause of death; and among those 26 cases, 10 mortalities were due to power-line hits, or 

38.5% (97.5% binomial confidence interval of 20.35-60.24%).  Total mortality for 1950-2010 is reported 

as 546 cranes. 

Therefore, the maximum likelihood estimate of the total crane mortality during migration due to power-

line hits during 1950-2010 is: (546)x(.56)x(.385) = 118 cranes (rounded to nearest whole crane). 

Combining our compound uncertainty about both the proportion of migratory mortalities and the 

proportion of power-line hits, the 95% lower confidence limit (two 97.5% lower limits will yield a 95% 



overall confidence level) for total crane mortality from power-line hits during migration is: 

(546)x(.4033)x(.2035) = 45 cranes.  Likewise, the 95% upper confidence limit for total migratory power-

line mortality during 1950 to 2010 is: (546)x(.7061)x(.6024) = 232 cranes. 

Stehn and Haralson-Strobel (2014: Table 1) report a total of 6,233 crane-years during 1950-2010. 

Thus, the estimated rate of migratory power-line hits per crane-year works out to: 

95% LCL = ( 45)/(6,233) = 0.0072 hits/crane-year ; where LCL = lower confidence limit 

MLE        = (118)/(6,233) = 0.0189 hits/crane-year; where MLE = maximum likelihood estimate 

95% UCL = (232)/(6,233) = 0.0372 hits/crane-year; where UCL = upper confidence limit 

Finally, if the above rates are discounted for the fact that 82% of all mortality during 1950-2020 

occurred in the U.S. portion of the migratory corridor, the final estimates become: 

95% LCL = 0.0059 hits/crane-year 

MLE        = 0.0155 hits/crane-year 

95% UCL = 0.0305 hits/crane-year 

 

Step 3: Project Total Number of Crane Power-line Hits for 2018 to 2068 

This step is simply the products of the results from Steps 1 and 2 for the six population growth scenarios. 

These results are summarized in the Excel table titled: “whooping crane scenario summary”. 

The projected total numbers of crane power-line hits for the years 2018 to 2068 range from a low of 281 

(LCL for the 3.5% density-dependent growth scenario) to a high of 2,127 (UCL for the 4.6% density-

independent growth scenario. 

 

Step 4: Projecting the Rate of Power-line Hits Attributable to Transmission Lines 

Rather than assuming that all power lines within the whooping crane migratory corridor are equally risky 

for cranes, this assessment focuses specifically on transmission lines.  There are two reasons for this 

decision: (1) the proposed R-line is a transmission line, and (2) the only reliable GIS data available for 

this assessment is for transmission lines and it was desired to use GIS information to make the 

assessment as specific as possible to the exact proposed R-line alignment.  Distribution lines have not 

yet been comprehensively digitized (Chris O’Meilia, Pers. Comm.), and based on an opportunistic 

ground-truthing exercise conducted by Scott Larson and Lara Juliasson for Hughes County, South 

Dakota, the GIS data used for this assessment (S&P Global Platts, "Transmission Lines of the Western U.S.", 



May 5th, 2015, http://www.platts.com/products/gis-data-electric-power) did not include data for the vast 

majority of distribution lines found during Scott’s ground survey (i.e., less than 69KV lines), but did have 

accurate data for transmission lines. 

Of the eight documented power-line hits by whooping cranes occurring in the U.S., seven were collisions 

with a known type of power line.  Of those seven, one was a transmission-line hit (NPPD, undated, Table 

1) or 14.29%.  The binomial 95% confidence interval for that estimated proportion is 0.75-58% 

(continuity corrected interval).  Thus, there is a high degree of uncertainty associated with this 

parameter due to the minimal amount of data available for estimating it.  However, the Watershed 

Institute (2012) cites Ward and Anderson (1992) as reporting that sandhill cranes hit transmission lines 

four times more frequently than distribution lines (i.e., 80% of all power-line hits) even though 

distribution lines were twice as abundant in the study area; implying that the risk associated with 

transmission lines was 8-times greater than the risk associated with distribution lines.  The Watershed 

Institute also cites Manville (2005) as concluding that more bird collisions were associated with 

transmission lines.  Although, it is unknown to what extent sandhill cranes are a suitable surrogate for 

whooping cranes with respect to risk of power-line hits, it appears that even the top end of our range of 

uncertainty for proportion of total whooping crane power-line hits that can be allocated to transmission 

lines must be considered plausible until more data for this parameter, specific to whooping cranes, 

becomes available. 

Employing the maximum likelihood estimate (14.29%) and 95% confidence limits (0.75-58%), and the 

projections for total power-line strikes calculated above in Step 3, projections for total transmission line 

hits in the migratory corridor for 2018-2068 can be calculated and are presented in the Excel table titled 

“whooping crane scenario summary”.  The uncertainty interval for these projections is a 90% confidence 

interval because it is derived by compounding two 95% intervals (i.e., 0.95 squared equals 0.90). 

Because of the high uncertainty in the proportion of total hits that can be allocated to transmission 

lines, these projections span a wide range of potential outcomes across the six population growth 

scenarios from as low as 2 total hits to as high as 1,234 total hits. 

Within the U.S. portion of the whooping crane migratory corridor, 4 of 6 documented power-line hits 

occurred within the 75th percentile migratory trace (NPPD, undated), roughly suggesting a 2:1 weighting 

of risk for power lines within versus outside the 75th percentile migratory trace.  Intuitively, it makes 

sense that risk might be inversely related to a power line’s proximity to the migratory corridor center 

line.  GIS data indicate a total of 14,836 miles of transmission line path within the 75th percentile trace 

and 30,532 miles of transmission line path within the 76-95th percentile migratory trace.  This total of 

45,368 miles of transmission line path within the 95% migratory corridor trace for whooping cranes is a 

bit larger than the estimate of 34,268 miles presented in NPPD (undated).  The discrepancy could be the 

result of how power lines were classified (here, all lines with greater than 69KV capacity were classified 

as transmission lines) or could be due to GIS data used for this assessment being more complete or 

more up to date than the data accessed by NPDD.  Combining a 2:1 weighting of risk and the miles of 

lines in the two migratory corridor zones produces weighting factors of 0.4929 and 0.5071, thus we 

would expect about 49.3% of total projected transmission-line hits to have occurred within the 75th 

percentile migratory trace and about 50.7% to have occurred in the 76-95th percentile trace.  Risk is 

http://www.platts.com/products/gis-data-electric-power


twice as high within the 75th percentile migratory trace, but the total extent of transmission lines is 

about one-half as great, yielding weighting factors that are nearly equal.  Using this information, 

projected total whooping crane hits per mile of transmission line in the two migratory corridor traces 

can be calculated for each population growth scenario.  Those results are presented in the Excel table 

titled: “Whooping Crane R-line Strike Estimates”.  The projected rates for total whooping crane hits per 

mile of transmission line for the time interval 2018-2068 range from a low of 0.00006645 cranes/mile to 

a high of 0.041 cranes/mile for the 75th percentile migratory corridor trace; and a low of 0.00003322 

cranes/mile to a high of 0.0205 cranes/mile for the 76-95th percentile migratory corridor. 

 

Step 5: Projecting Total Numbers of Crane Hits for the R-Line 

The proposed path of the R-line includes 54 miles within the 75th percentile migratory trace for 

whooping cranes and 134 miles within the 76-95th percentile migratory trace.  Applying the projected 

total hit rates per mile of transmission line for each migratory zone calculated in Step 4 above to this 

specific proposed alignment of the R-Line yields projections for total hits with the R-line during 2018-

2068 for the six population growth scenarios.  Those results are presented in the first column of the 

Excel table titled: “Whooping Crane R-line Strike Estimates”.  They range from a low of essentially zero 

R-Line hits (0.008 cranes), to a high of essentially five R-Line hits (4.96 cranes).  The maximum likelihood 

estimates range from a low of 0.422 hits to a high of 0.619 hits; however the uncertainty surrounding 

these maximum likelihood estimates is so enormous that they should not be considered very much 

more plausible than any other outcomes embraced by our 90% confidence interval. 

In conclusion, all three critical parameter values for our assessment, proportion of total mortality that 

occurs during migration, proportion of total mortality that is due to power-line strikes, and proportion of 

power-line strikes that can be allocated to transmission lines are being estimated from very minimal 

sample sizes, and accordingly, have a great degree of uncertainty associated with them and then those 

uncertainties are compounded and spread across our six population growth scenarios that embrace the 

uncertainty associated with that factor.  Therefore, it shouldn’t be surprising that the range of projected 

chances for at least one whooping crane strike span from less than a 1% chance (0.8%) to a 100% 

chance!!  As unsatisfying as this will seem, our lack of data places us in a decision space where it is really 

anyone’s guess what is going to happen, although we can say that guesses higher than 5  total whooping 

crane hits with the R-line during 2018-2068 are not very plausible.  It can also be concluded that for 

projected initial average annual growth rates below 4.0% it is more likely than not (a low bar for 

confidence) that no hits will occur.  The key facet for this case is uncertainty, immense uncertainty, such 

that the decisions to be made will essentially be a risk tolerance policy decision, not a science-directed 

decision.  The bottom-line decision is whether the project proponent or the species is going to bear the 

burden of uncertainty.  
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COMMENTS REGARDING THE R-PROJECT DRAFT HABITAT CONSERVATION 

PLAN AND POTENTIAL IMPACTS TO THE ENDANGERED WHOOPING CRANE 

SUMMARY  

The Nebraska Public Power District (NPPD) has proposed to construct a 345,000 volt 

transmission line, known as the R- Project, through central Nebraska. This approximately 225-

mile-long line would traverse the Nebraska Sandhills grassland area, which is the central flyway 

for many migratory birds, including the endangered Whooping Crane. Construction and 

operation of the R-Project has the potential to harass, harm, or kill (i.e., “take”) species listed by 

the U.S. Fish and Wildlife Service (USFWS or the Service) as threatened or endangered under 

the Endangered Species Act (ESA), including Whooping Cranes. NPPD has prepared a Habitat 

Conservation Plan (HCP) in coordination with the USFWS and Nebraska Game and Parks 

Commission (NGPC). NPPD, however, has only included the American burying beetle 

(Nicrophorus americanus, endangered; ABB) as a covered species, and has not included the 

Whooping Crane. 

Ecosystems Advisors L.P. was asked to undertake an analysis of the proposed R-Project 

to review and evaluate Chapter 4 of the Draft HCP: Potential Effects to Evaluated Species – in 

particular part 4.1., regarding impacts to Whooping Cranes – to assess the risk the Project poses 

to cranes from collisions with the transmission line.  

We have analyzed the proposed location of the Project, and we have used Whooping 

Crane sighting information, including historical and telemetry data, to evaluate the risk of 

collisions from the Project. We have also considered the proposed avoidance and minimization 

measures intended to mitigate the impacts to Whooping Cranes, including the use of bird flight 

diverters. By using telemetry data – which provide updated information on Whooping Crane 

migratory routes and habitat use – we were able to evaluate the risk from the R-Project and 

assess the likelihood of “take” as defined under the Endangered Species Act.  

Our analysis suggests that NPPD and the Service must reevaluate the potential effects of 

the Project on Whooping Cranes. NPPD’s Draft HCP and Collision Risk Assessment present 

serious inconsistencies regarding the population, biology, and behavioral ecology of the 

Whooping Crane, which undermine NPPD’s conclusion regarding the likelihood of harm to 

cranes from the R-Project. We suggest that the evaluation must be revised to include a 

comprehensive spatial and biological (anatomy, migration ecology, behavior, and physiology) 

assessment of risk. This evaluation must be based on the best available scientific data, such as 

the telemetry data from the Whooping Crane Tracking Partnership. Any model developed should 

be compared with other crane collision models, reviewed, re-parameterized, and validated with 

data from other areas of Nebraska or similar habitats. NPPD’s assessment failed to use the best 

available data, and NPPD did not validate the model. As a result, the analysis is inadequate, and 

thus underestimates the potential harm to cranes. 

Based on our analysis of the Project, we believe that Whooping Crane collisions with 
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powerlines are almost certain to happen over the 50-year life of the Project. Powerlines are one 

of the main causes of mortality for migrating Whooping Cranes, and the R-Project would 

significantly increase the risk of collisions by placing a transmission line directly across the 

migratory corridor. The Whooping Crane telemetry data indicate that many Whooping Cranes 

rely on the habitat areas that would be affected by the R-Project, and the line separates feeding 

and roosting habitat, which presents the greatest risk of collision when the birds make low 

altitude flights in low-light conditions. The scientific literature on bird flight diverters suggests 

that these are considered only around 50% effective, and therefore may reduce, but will not 

eliminate the risk of collisions. Moreover, recent studies indicate that these devices may be even 

less effective for Whooping Cranes than previously thought, due to the birds’ inability to see 

them, as well as their lack of agility when flying.  

Our analysis of the telemetry data shows 1,334 Whooping Crane sightings in close 

proximity to the R-project. This indicates that the likelihood a Whooping Crane will collide with 

the R-Project is very high. Our model, based on radio-tracked individuals (representing just 

17.6% of the population) and historical sightings, concludes that the R-Project may take as many 

as 1.73 to 4.46 individuals per year if the wild Whooping Crane Population follows a logistic 

pattern of growth, as has been observed in previous years. The use of bird flight diverters may 

reduce this, but our modeling indicates that even with bird diverters, there will be 1-3 crane 

collisions per year from the R-Project. 

Therefore, our conclusion is that this Project presents a substantial risk of harm to 

Whooping Cranes from power line collisions. This harm further poses a significant risk to the 

species, which remains critically endangered, because the loss of a few, and even one, breeding 

Whooping Crane could jeopardize the species’ recovery and continued existence. 

NPPD and the Service must therefore reevaluate these impacts, use a more robust risk 

assessment model, and must not rely on bird diverters to eliminate these risks. Altering the route 

to avoid specific habitat areas – such as the Central Route developed by the Service – would be a 

reasonable way to mitigate the risk to endangered Whooping Cranes from the R-Project.  

 

I. NPPD’s Assessment of Impacts to Whooping Cranes from Construction and 

Operation of the R-Project was Erroneous 

A. Incorrect assumptions in the HCP regarding Whooping Cranes  

Several basic assumptions in NPPD’s draft HCP regarding Whooping Cranes were 

erroneous, resulting in an under-estimation of the potential harm that the R-Project may have on 

the species. This includes information on the habitat areas that cranes utilize during migration, as 

well as the historic occurrence of Whooping Cranes in the Project area.  

NPPD’s conclusions regarding the potential harm to Whooping Cranes are premised on 
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inaccurate information regarding the presence of the species. For example, on page 72 of the 

HCP, it states that “[d]ata provided by USFWS and NGPC indicate that Whooping Cranes have 

previously been observed on most of the water bodies and adjacent habitat described in Table 4-

3 except for the South Loup River and the Dismal River (Figure 3-3).” This is erroneous; 

Whooping Cranes have been observed on the South Loup River as reported through the Whooper 

Watch Program, and these sightings have been included in the USFWS database and confirmed 

with data from the Whooping Crane Tracking Partnership telemetry project. In fact, the 

telemetry data show 30 sightings of Whooping Cranes close to the South Loup River between 

2012 and 2014. The R-Project transmission line would cut directly across this area, creating a 

significant risk of collision. NPPD’s failure to use the best available science to ascertain the 

location of the species has therefore resulted in an erroneous assumption regarding the potential 

for harm at this vital water crossing. 

Furthermore, NPPD underestimates the historical occurrence of Whooping Cranes across 

the Project area. Table 3-1 and Figure 3-3 in the HCP purportedly show historical occurrences; 

however, the data NPPD relied on are incorrect. While NPPD apparently believes that only a few 

dozen cranes have been documented, the USFWS historical database (89 data from 1968 to 

2015) and telemetry data (1,344 data from 2010 to 2015) show a total of 1,433 sightings and sub-

sightings in the R-Project area (See Figs. 1 and 2 below). This is well more than what NPPD 

based its analysis on, and shows why the result of their analysis underestimates the risk to the 

species.  

Figure 2 below is an updated map, which includes all historical USFWS data, as well as 

more recent data collected from 2010 to 2015 through the telemetry project, which show 1,344 

observations in the R-Project area (USGS, 2017). This integrated information provides stopover 

sightings during consecutive days from a small portion of the population (approximately 17.6%). 

These data can be used to assess the distribution of cranes, since the rest of the population likely 

follows similar patterns and behavior. 
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Figure 1.  USFWS Whooping Crane occurrences (from Figure 3.3, page 61 of Draft HCP). Figure 

shows only historical sightings. 

 

 

Figure 2.  R-Project (Red Line) and Whooping Crane data from the Telemetry Project (USGS – 

PRRIP). Red dots (1,334 sightings and sub-sightings, from 31 individuals).  

Data provided to the Center for Biological Diversity by U.S.G.S. The U.S.G.S. has not directed, reviewed, or 

endorsed any aspect of the use of this data. Any and all data analyses, interpretations, and conclusions from these 

data are solely those of the “Ecosystems Advisors, L.P”.  

 

We have also compared the annual Whooping Crane data relied on by NPPD in the HCP 

(relying solely on historical USFWS observations) with data from the telemetry project (Table 

1). This information shows an underestimation in the number of Whooping Cranes using the 
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area, by a factor of 3.25 times. Clearly, the best available data indicate that Whooping Cranes 

utilize the R-Project study area much more than NPPD has indicated in its analysis. 

 

Table 1 Whooping Crane individuals documented by USFWS and Telemetry Project in the Study Area. 

Year USFWS WC observations WC data, Telemetry Project (*) 

2010 0 3 

2011 3 5 

2012 3 7 

2013 3 14 

2014 3 10 

(*) USGS data 

 

NPPD further underestimates the amount of crane habitat that will be affected by the R-

Project. The HCP estimates that there are 8,969 acres of habitat within 1 mile of the R-Project 

centerline; however, our analysis indicates that this underestimates the actual area used by radio-

tracked and un-banded Whooping Cranes migrating together. The total sightings and sub-

sightings of Whooping Crane (observed in 15 clusters in total) in the area of the R-Project 

centerline cover a total of 84,576 +4,608 acres of habitat, which is 9.4 times the area estimated in 

the HCP.  

To calculate this, we used the telemetry data to gauge the size of the crane’s stopover 

habitat. For our analysis, we define a Whooping Crane cluster as a group of points (sightings and 

sub-sightings) in all cardinal directions found in a stopover habitat. These clusters were 

developed using the telemetry data and historical USFWS data from the R-Project area. The 

maximum distance within the cluster measured from one sighting to another sighting of the same 

individual was defined as the moving distance within the stopover area of activity. Based on 

eight clusters in the R-Project area, the average maximum distance value was 3.35 + 1.41 miles. 

We used this information to estimate the stopover habitat use in square miles (then converted to 

acres), by creating a circle around those clusters. Our calculations indicate that Whooping Cranes 

have a habitat use area  = π *(diameter/2)
2 
= 8.81 + 0.48 sq. mi, which converted into acres gives 

an estimated value of 5,638.4 + 307.2 acres per individual for the stopover habitat use range (Fig. 

2). As set forth above, this is much higher than what NPPD has calculated. 



 

7 
 

NPPD further underestimated the impacts on the crane population in its model when it 

assumed that riverine habitat is commonly used by Whooping Cranes in Nebraska and makes up 

only 59% of all roost sites examined in Austin and Richert (2005). In our experience, this 

estimation of the use of riverine habitat is quite low, and the reliance on such habitat could be 

significantly higher in dry years, while during wet years the cranes could be more disperse. This 

assumption, therefore, does not take into account the crane’s activities and annual variations, 

which may increase the probability of collision where the line is placed over or near riverine 

habitat.  

Finally, NPPD has failed to consider how the layout of the proposed line creates an 

increased risk of collisions. As planned, the Project would funnel cranes into areas with multiple 

lines, creating an increased risk of harm due to the difficulty in avoiding lines. For example, in 

Lincoln County, Whooping Cranes stopping over will have an increased risk of collision every 

time they travel from river roost to feeding areas in any direction because in this stopover area, 

the R-Project and existing power lines would form a U-shaped trap around the Platte River (at 

North Platte) in the center (Figure 3).  
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Figure 3: Lincoln County, Nebraska. Map shows an “L” segment of the R-Project 

(yellow line), a segment of an existing power line route (orange line), and the Platte River 

(blue lines, in the center) where there are several Whooping Crane sightings. This area 

creates a “trap” that increases the risk of collisions with power lines. 

Data were provided to the “Ecosystems Advisors L.P. as a courtesy for their use. The U.S. Fish and Wildlife 

Service has not directed, reviewed, or endorsed any aspect of the use of this data. Any and all data 

analyses, interpretations, and conclusions from this data are solely those of the “Ecosystems Advisors, 

L.P”. 

 

As shown in the above Figure, if the R-Project is built, the line distribution in Lincoln 

County will make an “L” shape with a perpendicular north-south line, and could produce a “U” 

shape power line distribution around the middle section of the Platte River, causing a potential 

stopover “trap,” and thus result in a greater probability of power line collision for Whooping 

Cranes stopping over in this area during spring and fall migration. This further undermines 

NPPD’s conclusion that the Project is not likely to result in harm to Whooping Cranes. 

These incorrect assumptions and NPPD’s failure to accurately and effectively assess the 

presence of Whooping Cranes in the Project area and the likelihood of harm has resulted in a 

completely unrealistic underestimation of the risk that this Project poses to Whooping Cranes. 

NPPD and USFWS must reevaluate the risks to the highly endangered Whooping Crane, and use 

the best available data to provide a more complete analysis of the potential for harm. 
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B. NPPD improperly dismissed the effects of short-term disturbance on 

Whooping Cranes 

NPPD has not considered the full range of impacts that temporary disturbance from the 

construction of the R-Project would have on Whooping Cranes. The HCP states that 

“[c]onstruction activities associated with the R-Project will result in the total temporary 

disturbance of 12.7 acres of potentially suitable Whooping Crane habitat (Table 4-2). Structure 

foundations located within potentially suitable Whooping Crane habitat will result in the 

permanent loss of 0.013 acres of habitat;” however, it adds that “[d]isturbance of potentially 

suitable Whooping Crane habitat will be temporary, and disturbed areas will be restored 

following completion of construction activities.” HCP at 71.  

This statement ignores the fact that alterations to the crane’s habitat will produce an 

unpredictable response, even at these small scales. The claim that habitat can be “restored” to 

similar conditions is insufficient – in fact, the Crane Trust made several attempts to restore 

Whooping Crane habitat with the same shape and substrate; however, Whooping Cranes did not 

respond in those areas in the same way, and therefore it may not be possible to restore habitat 

with the same functions and values that Whooping Cranes rely on. (Ramirez-Yanez et al., 2011).  

Moreover, this fails to acknowledge that even minor changes to the landscape can harm 

Whooping Cranes. From an aerial perspective, these access roads and other “small areas” may 

represent a major modification of the landmarks used by cranes as reference points to memorize 

their stopover sites. It has been observed that every stopover site is identified and memorized by 

cranes as they fly in circles before their departure from each stopover. New infrastructure, such 

as roads, buildings, or towers, will likely represent a major alteration and/or disturbance, pushing 

them away from their historical stopover locations. This can cause stress and harm cranes, as 

discussed further below. 

NPPD concludes that “[t]he temporary and permanent disturbance of 12.7 and 0.013 

acres, respectively, of potentially suitable Whooping Crane habitat from the R-Project will have 

no effect.” HCP at 71. We disagree. The historical and telemetry data indicate that at least 31 

Whooping Cranes utilize habitat areas very close to the final R-Project route (within 2 mi. or 

less), and there have been about 1,334 sightings and sub-sightings in the Project area (from the 

telemetry project data), showing widespread use of multiple areas in the vicinity of the R-Project 
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line. These data further indicate that cranes show site fidelity and have pre-determined resting 

stops. Therefore, interfering with those areas will likely cause stress and harm the birds.  

Furthermore, NPPD’s estimation of 12.7 acres of permanent impacts does not appear to 

be well founded. This number was established based on a distance of 1 mile from Whooping 

Crane “suitable habitat;” however, this is an underestimation of the area of impact because it 

does not take into consideration sightings and sub-sightings from the telemetry data, which 

indicate that the stopover habitat used by the cranes is much broader than NPPD has assumed, 

and therefore, that more acreage of habitat will be impacted (see Figure 2). If NPPD had 

included sub-sightings in its analysis, it would have found that Whooping Cranes often move 

short distances of up to 10.5 miles back and forth between feeding and foraging locations. 

Because of this movement, the area of actual disturbance may be much greater than the physical 

location of the Project components. NPPD and the Service must therefore reevaluate the extent 

of the impacts of this Project.  

C. Whooping Cranes will not simply move to other habitat areas, but will be 

harmed by the need to avoid the transmission line. 

NPPD claims that Whooping Cranes will not be harmed by the R-Project because they 

will avoid the line and utilize other available habitat in the vicinity of the Project. This, however, 

ignores the site fidelity that Whooping Cranes exhibit, and the harm that will be caused by the 

disruption to their migratory patterns. 

NPPD relies on Stahlecker (1997), claiming that “[h]is results suggested that Whooping 

Cranes migrating through Nebraska have multiple options for roost sites during migration due to 

the ‘large number and wide distribution of wetlands within the Whooping Crane migration 

corridor in Nebraska.’” HCP at 71-73. This reliance on Stahlecker is erroneous. Stahlecker wrote 

that Whooping Cranes “may use” wetlands with certain characteristics, but he did not develop a 

quality habitat assessment based on habitat use, nor did he validate his assessment with data and 

observations from historical records. Rather, the historical sighting data, as well as the telemetry 

data, indicate that cranes show site fidelity along the central flyway. For generations, pairs of 

Whooping Cranes and their descendants went to the same wetlands along the central flyway (Gil 

et al. 2014). The loss of these ancestral stopover sites will harm the cranes, and NPPD’s claim is 

therefore inconsistent with the best available data.  

In fact, the identification and use of stopover habitat is a learned behavior transmitted 
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from generation to generation (Gil et al. 2014). While topographic and weather conditions could 

interact with the identification of specific stopovers, the site fidelity that cranes show indicates 

that placing a power line is areas of historic crane activity poses a significant risk of collision. 

Data and observations show flocks of as many as 21 individuals arriving at the same wetland, 

which could be an indicator that all of them are related, and that using that particular wetland is 

an inherited tradition. (Gil and Weir, 2012). Therefore, even minor changes to the landscape that 

could alter the ability of the cranes to identify or utilize their historic stopover locations could 

affect several individual birds, and create a risk of harm to the species.  

For example, Whooping Cranes arriving in the afternoon to their known stopover, after 

flying up to 400 miles, are in dire need of rest, and would be adversely impacted by construction 

personnel and noise disturbances during operation, or the presence of a tower and transmission 

line, forcing them to find an alternate site. Needing to find another suitable wetland, in potential 

low visibility conditions, poses a significant risk of collision, and creates additional stress that 

would likely harm the cranes. Therefore, while NPPD may claim that “[t]his would have 

minimal to no effect on migrating Whooping Cranes,” HCP at 73, in reality the harm will depend 

on the remaining energy that the Whooping Cranes will need to make an extra-flight or flights to 

search for new locations to find food and roost, and to prevent predation (Chavez-Ramirez, 

1996). Therefore, NPPD is entirely incorrect that the cranes will simply move to other available 

habitat and will not be harmed by the loss of existing stopover sites, and the impacts to cranes 

from the loss of hereditary stopover areas must be fully considered by the Service. 

II. NPPD’s Risk Assessment and Modelling was Fundamentally Flawed  

A. NPPD’s analysis underestimates the risk of power line collisions 

NPPD has greatly underestimated the risk that power lines pose to Whooping Cranes. 

First, NPPD assumes that, based on older data, “approximately 3.6% of identified mortalities 

during migration can be attributed to power lines.” HCP at 74. Furthermore, NPPD uses this 

number in its calculation, stating that “applying this ratio to the 93 estimated mortalities during 

migration, approximately four Whooping Cranes (rounded up from 3.3) have collided with 

transmission lines in the migratory corridor in the U.S. and Canada since 1956.” HCP at 74. The 

number of Whooping Crane deaths attributed to power lines is, however, very much unknown, 

and is likely much higher than NPPD claims. 

NPPD admits that the data it relied on identifies the cause of mortality for only 50 of the 
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546 known Whooping Crane deaths (9.2%), “as the majority of birds that disappear from the 

Aransas-Wood Buffalo population are completely unaccounted for.” HCP at 74. Therefore, we 

have limited knowledge about how often cranes collide with power lines. Many areas where 

these birds travel are sparsely populated, and it is likely that carcasses are removed by 

scavengers before the cause of death can be ascertained. The estimation of mortality specifically 

during spring and fall migration continues to be unknown, which was the purpose of the recent 

telemetry project. NPPD, however, failed to use these data in estimating the likelihood of harm 

from collisions. 

Therefore, when NPPD states that “[t]o perform this risk analysis, NPPD first considered 

the ten Whooping Crane power line mortalities within the Aransas-Wood Buffalo population in 

the last 60 years, proportionally expanded to account for unknown mortalities…,” it remains 

unclear – even with the caveat provided – whether the model is truly capturing the risk. This is 

because NPPD is estimating the risk of collisions based only on demographic data which 

underestimate the risk as discussed above.
1
 Regardless of the criteria used, the risk estimation 

must consider the level of site fidelity shown by Whooping Cranes during spring and fall 

migration, which was ignored by NPPD.  

NPPD attempts to downplay the risk of collision by focusing on the limited amount of 

time that the cranes spend in migration, stating that “the Whooping Crane is in migration 

approximately 17% of the year,” and arguing that the Whooping Cranes are no more prone to 

mortality during migration than other times of the year. NPPD concludes, “Thus, the number of 

mortalities that occurred during migration is estimated at 93 (17% of 546).”  HCP at 74. This, 

however, is not a logical conclusion, since the risk of mortality is not correlated to the time spent 

in migration.  

First, we note that the studies NPPD is relying on – Brandt (2014) and Pearse (2014) 

from the Thirteenth North American Crane Workshop – do not support this conclusion. The 

summary of the published proceedings of the Thirteenth North American Crane Workshop 

provide no data to confirm the claim that cranes experience low mortality during migration, as 

compared with summer and winter. In fact, NPPD should assume a lower probability of 

                                                            
1 Several power line collision risk analyses developed for other species of cranes (blue crane, common 

crane and sarus crane) include spatial analysis using GIS (distance from roost to power lines), biology 

(anatomy, physiology, behavior, ecology), meteorological information (winds, fog) and technical data 

(power line design) (Shawn et al. 2010). 
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mortality risk when the birds are at their well-known wintering and breeding grounds 

(approximately 83% of their period of time), and a higher probability of mortality risk during the 

short period of time (17%) when they are migrating thousands of miles across areas that present 

collision risks. During migration, the brief time that Whooping Cranes pass through each 

stopover is not enough to ensure predictable conditions, and only the crane’s site fidelity helps 

reduce the risks during the uncertain and dangerous migration. The risk of collision with power 

lines and other man-made objects, predation, and other harm is much higher during migration. 

To assume that 17% of recorded deaths occurred during migration merely because migration 

happens 17% of the year is unscientific and unsupported by any data.  

The telemetry project was supposed to collect data to confirm mortality, but the Tracking 

Partnership has not conducted surveys to confirm the cause of death when transmitters stop 

working. Moreover no one appears to be checking the cranes’ color bands to confirm mortality at 

the wintering ground or in any location. There are, therefore, no data published showing that 

Lewis et al, (1992), and Haralson-Strobel’s (2014) assumption - that 80% of mortality occurs off 

the wintering grounds and likely occurs during migration - is incorrect, as NPPD claims. HCP at 

74. NPPD’s claim is further inconsistent with the findings of Stehn (2008), which stated that 

“[c]ollision with powerlines is the greatest source of mortality for fledged Whooping Cranes 

(Grus americana) in the Aransas-Wood Buffalo population.” If the risk of mortality was 

correlated with time, then this would not be the case. Clearly, the risk is greater during migration.  

NPPD uses this flawed reasoning to come up with an estimate of 3.6% identified 

mortalities during migration attributed to powerlines, and the model assumes this low mortality 

rate. However, the USFWS historical data actually show that up to 50% of juveniles may be 

killed during fall migration. Thus, the estimation of mortality during migration should include a 

range of higher mortality consistent with the historical data. Research, such as Stehn and 

Haralson-Strobel (2014), has actually estimated that 108 individuals died due to powerline 

collisions from 1950 to 2010, which is much higher than what NPPD has assumed for its model. 

Furthermore, NPPD does not account for the harm that could come to the species from 

the loss of few, or even one, cranes from a collision. The non-selective or random mortality of 

any Whooping Crane due to power line collision has a different impact on the population 

depending on the bird’s age and genetic heritage. The loss of a reproductive adult will have a 

multiplied effect on the population, due to the loss of potential contribution of future offspring. 
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Based on banded information, we tracked the reproductive success of specific individuals 

through 4 generations and confirmed that 59 descendants from the same pair arrived to Aransas 

during a period of 27 years (Gil-Weir 2014). The loss of this individual would therefore have had 

a cascade effect on the population, and NPPD has not accounted for the impact on the crane 

population from the possible loss of such individuals.  

Similarly, Whooping Cranes often travel in family groups, which raises the possibility of 

a large number of collisions occurring at one time, should such a group coming upon the R-

Project line during low visibility or windy conditions. This could result in several concurrent 

mortalities, with a cascading adverse effect on the population of the cranes.  

In addition, the removal of an experienced individual (adult) from the population has a 

greater impact than the removal of a juvenile or subadult. Whooping Cranes teach offspring 

migratory routes and survival skills, such as finding food or identifying safe roosts and stopovers 

during migration. Also, some adults have a more successful history of reproduction than others. 

Removing these individuals from the population could affect the survivorship of the species 

differentially (Gil et al. 2014). The loss of this genetic heritage could have a profound impact on 

the species, and NPPD has not adequately assessed the extent of these impacts on the crane 

population. 

B. NPPD has skewed the results of the analysis by using all 34,000 miles of NE 

transmission lines in its calculation 

NPPD’s risk-assessment methodology estimated risk “based on the number of collisions 

compared to the number of miles of transmission line,” using all 34,000 miles of transmission 

line in Nebraska, and assumed that all transmission lines have an equal probability of collision. 

HCP at 74. Using this method, NPPD calculated the “per-mile risk of mortality” to be 

0.00000197 cranes per mile per year (0.067 crane per year divided by 34,000 miles). 

First, it is erroneous to assume that all transmission lines have an equal probability of 

collision. NPPD admits as much, but then states that it could not correlate use with probability of 

collision, and therefore had to use all 34,000 miles of transmission lines to assess risk. NPPD’s 

claim regarding the inability to model the correlation between habitat use and collisions is 

undermined by the language of the study that it repeatedly cites – Stehn and Wassenick (2008) – 

which provides that “[p]ower lines dividing wetlands used for roosting from grain fields used for 

feeding caused the most collisions for cranes because these circumstances encouraged crossing 
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the lines at low altitude several times each day.” Using this basic understanding of habitats 

associated with collision risk, NPPD could have used the telemetry data to assess whether the R-

Project is being placed in areas that pose a significant risk of collisions. NPPD, however, ignored 

these data, and provided no such analyses. We provide this analysis herein below. 

Second, the use of all 34,000 miles of transmission lines in the equation to calculate 

mortality risk makes little sense based on the Whooping Crane’s migratory pattern. Cranes make 

an average of 5 stopovers (approximately 450 mile between each stopover) during migration 

seasons (Kuyt 1992), and therefore they are only at risk at certain key points, which can be 

ascertained from the telemetry data. Using all 34,000 miles of lines artificially dilutes the results 

of the per-mile risk of collisions, resulting in a misleading result when this result is extrapolated 

to assess the risks of this particular project. 

Third, NPPD needs to take in consideration that Whooping Cranes would cross the R-

Project area two or more times per migration season. This factor should be included in the 

assessment, since it doubles the risk of collision, yet NPPD’s model assumes only one crossing 

per year, further diluting the results of the assessment.  

Our analysis indicates that there are places where the R-Project line will divide wetlands 

used for roosting from grain fields used for feeding, and therefore will pose a high risk of 

collision by placing a transmission line in areas frequented by Whooping Cranes, as shown 

through the telemetry data (Fig. 2). NPPD’s attempt to downplay the risks by using all 34,000 

miles of transmission line in Nebraska in its calculations appears to be based on specious 

reasoning, and has resulted in an erroneous and unreliable calculation of risk.  

C. Several of NPPD’s modeling parameters need to be reevaluated or modified 

based on updated information.  

Whooping Cranes are particularly prone to mortality by collision and electrocution with 

powerlines due to several factors that should be included in the risk model for the R-Project. One 

of these factors is the large body size that makes collisions more likely for this species than for 

smaller birds (Bevanger 1998). Other factors that may increase the probability of collisions with 

powerlines include the location and height of powerlines as compared with the crane’s flight 

direction and height path (Janss and Ferrer 2000), the longitude of the transmission line, and 

biases associated with scavenger removal, search detection of carcasses, proportion of crippling, 

and inaccessible search habitat (Loss et al. 2014). Furthermore, studies indicate that Whooping 
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Cranes have poor vision directly ahead during flight, and therefore are especially susceptible to 

collisions (Martin and Shaw 2010). NPPD failed to properly account for these factors in its 

model. 

Furthermore, as set forth below, several of the modeling parameters that NPPD used for 

its risk assessment were erroneous. The model was therefore fundamentally flawed, which has 

resulted in an underestimation of the potential for harm from the R-Project. 

1. “Wetland size” 

Assumptions regarding the size of wetlands used by Whooping Cranes were flawed. The 

model assumes that wetlands smaller than 0.25 acres do not provide habitat for cranes, and 

therefore, these areas were not considered viable habitat that could be affected by the Project. 

However, site evaluation reports (USFWS 2016), and personal observations indicate that cranes 

use areas smaller than 0.25 acres. For example, a small flooded maintenance road area was once 

used for several days by a pair of Whooping Cranes in Nebraska (observed at Custer County, 

2010).  

The HCP further states that “[p]otentially suitable Whooping Crane habitat prevalent in 

the Sandhills included large wetlands in the higher elevation areas of the western Sandhills, the 

headwaters of major rivers and streams, and major rivers flowing eastward through the region 

(Stahlecker 1997).” HCP at 71. This study, however, didn’t include all of the different types of 

wetlands used by Whooping Cranes, and therefore NPPD takes the statement out of context, 

since it was not meant to indicate that cranes do not use other areas as well. The historical 

USFWS Whooping Crane data show all the different types and sizes of wetlands the cranes 

utilize, including the specific locations with documentation and data on wetland depth, and 

proximity to disturbed or undisturbed areas used by Whooping Cranes. NPPD failed to 

incorporate this information into its model. 

The model therefore underestimates the actual area used by Whooping Cranes. There are 

several wetland areas used by cranes that are even seasonal wetlands (shallow seasonal stopover 

habitat, available during wet years), yet these wetlands would not be captured by NPPD’s narrow 

modeling parameters. An estimation of potentially suitable Whooping Crane habitat based only 

on permanent, large wetlands is incomplete, and the result is a model that underestimates the 

impacts of the Project on Whooping Cranes.  

2. “Limited human disturbance” 
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The NPPD model assumed that Whooping Cranes are incredibly intolerant to human 

disturbances, and would therefore avoid construction areas, thus concluding that the risk of harm 

is negligible. This, however, does not take into account the risk of harm from the crane’s reaction 

to NPPD construction activities, which will produce an unpredictable reaction that could harm 

cranes. For example, if a crane (or extended crane family) arrives at any stopover area and is 

confronted with construction activities or a large transmission line in its path, it will have to 

search for a new roost. This would cause stress and further deplete the birds’ energy resources. 

This could also cause the birds to start a search for new roosts when light conditions are 

suboptimal, leading to increased risk of collision, and may result in the crane landing in 

fragmented habitat, with insufficient food and water resources. The model must include the 

potential harm to cranes due to human activities causing stress and collisions.  

3.  “Close proximity to food source”  

The NPPD model attempts to incorporate the proximity of food sources (Paragraph 1, 

page 70); however, Whooping Crane food sources during migration are not well known. 

Therefore the existing data are not very precise regarding specific locations for foraging, and the 

cranes could use many other areas different from row crop agriculture within 0.93 miles of the 

Project area, as NPPD assumes. It is unclear how proximity to food sources can be assigned 

relative values of “use” or “no use” when there is such limited information on food sources. This 

parameter would need field verification before it could be properly implemented in the model, 

and the arbitrary use of it suggests that the model is imprecise at best. 

D. The model was not properly validated 

All models must be properly validated to see whether the parameters are sufficient to 

provide reliable results. This is usually done through field or desktop verification, which tests the 

model to see whether it corresponds to real-world conditions. Here, however, NPPD has failed to 

properly validate its model, and the results of its collision risk assessment are therefore 

questionable.  

NPPD has relied on the Watershed Institute’s Potentially Suitable Habitat Assessment for 

Whooping Crane, which uses the TWI method (WIPSHAWC-TWI method) (desktop GIS data). 

According to the HCP, “[t]he Initial Analysis eliminates wetlands from consideration as 

potentially suitable Whooping Crane habitat based on wetland size, visibility obstructions, and 
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distance to disturbances.” HCP at 70. The Watershed Institute’s Potentially Suitable Habitat 

Assessment for Whooping Cranes, however, only analyzed wetland characteristics independent 

of the historical use of wetlands by Whooping Cranes. This analysis was not subject to validation 

and testing of the model with historical sightings and sub-sightings, and did not consider the 

more recent telemetry data. This model includes important parameters, but it did not identify the 

“quality” of the wetlands based on the presence of Whooping Cranes, its ecology and behavior, 

and also did not categorize wetlands based on historical use and site fidelity.  

Using the USFWS’ historical records and telemetry data to identify specific wetlands 

used by cranes could provide an important adjustment to the model. The data indicate that 

Whooping Cranes come back to the same wetlands regardless of the size (from a simple water 

mirror to a large wetland), or stop in specific types of wetlands based on weather conditions 

during migration. For example, the data indicate that some cranes use small wetlands during wet 

years and then concentrate in a river during dry years. This observation could be used for 

validation of the model; however, NPPD has failed to undertake such validation, so the model is 

unreliable.  

Furthermore, NPPD has failed to test the model for the state of Nebraska. Again, to know 

whether a model is providing reasonable results, it needs to be tested against historical sightings 

and sub-sightings. Here, it could be applied to a small section of the R-Project area, but no such 

testing appears to have been done. Model validation should also account for the next 50 years of 

Whooping Cranes population changes. If the population grows, this would then result in higher 

numbers of birds passing the powerline area, with a related increase in collisions.  

In sum, the Service should not rely on NPPD’s model, which has not been validated or 

tested, and it remains unclear how precise the model can be. The model was based on habitat 

characteristics (some of which were not well defined, as discussed above) rather than based on 

historical sightings and radio-tracking data. The telemetry project data in particular could 

provide a better view of the current habitat used by Whooping Cranes close to the R-project, and 

the failure to use these data to validate the model renders the results unreliable. 

III. A Valid Risk Assessment Model Shows Increased Risk of Collisions. 

A. Risk assessment model basics 

A risk analysis necessarily needs to include several parameters to produce a realistic 

model of the migration of Whooping Cranes and their collision risk. Few models include spatial, 
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demographic and ecological factors to estimate mortality due to power line collision (Loss et al 

2014, Ivery 2017). Based on data available on Whooping Cranes, we included the following 

spatial, biological, and technical parameters to estimate the collision risk: 

 Spatial: Habitat use range = Polygon size covering the area of habitat used by each 

individual during daily activities at their stopover. 

 Daily behavior when they are in the stopovers: Patterns of movements from roosting to 

feeding areas, including frequency of movements. 

 Number of days in the stopover: correlated with the foraging area, use of food resources, 

perching, weather conditions, and movement.  

 Group Size: Each individual has a probability of power line collision. A large group 

could have higher probability of collisions than a small group. 

 Frequency of crossing a power line: This value will increase the risk of collision.  

All this information is available through the USFWS Whooping Crane database and Platte River 

Recovery and Implementation Program (PRRIP) USGS Whooping Crane Telemetry project 

database. 

B. Ecosystem Advisors’ Risk Model 

The following discussion provides the details of the model we created to assess the risk 

of collision for Whooping Cranes from the R-Project. We provide this model both to show what 

the best available data indicate regarding risk, as well as to describe a methodology for 

performing a valid risk assessment, as opposed to the faulty analysis provided by NPPD.  

Whooping Crane mortality during migration  

 The 2010 IUCN Red List includes power line collisions and electrocutions among the 

main threats that migratory species face in their migratory routes (Galbraith 2014). Powerlines 

represent a major threat to many species, including the Whooping Crane (Malcom 1982, Jenkins 

et al. 2010, Martin and Shaw 2010, Loss et al. 2014, 2015). Power line collisions have been 

documented for all whooping crane populations: in the 1980s, two of nine radio-marked 

Whooping Cranes from Aransas died within the first 18 months of life as a result of power line 

collisions (Kuyt 1992). Of 27 documented mortalities in the Rocky Mountain experimental 

population, almost two thirds were due to collisions with power lines (40%) and wire fences 

(22%) (Brown et al. 1987). Twenty-one individuals within the Florida populations and three 



 

20 
 

individuals in the migratory Wisconsin population have died from collisions with power lines 

(USFWS, unpublished data). 

In the United States, rough estimates of annual collision mortality range from hundreds of 

thousands to hundreds of millions of birds (Manville 2005, Erickson et al. 2014, Loss et al. 

2014). This is especially true where power lines are sited across flight lines or close to sites 

where birds congregate, such as wetlands and rivers (Bevanger 1994, 1998, Haas et al. 2003).  

There are several factors that contribute to avian collisions and increased mortality of 

migratory birds from developments like the R-Project, including: the location and height of 

powerlines with respect to flight paths; whether the line would be placed on or near areas that are 

regularly used for feeding or roosting; line orientation in proximity to existing powerlines; 

biological factors such as poor vision directly ahead during flight.  

The presence of the endangered Whooping Crane (Grus americana) in the R-Project area 

makes the estimation of the risk of mortality extremely important, as is the need to establish 

strategies to avoid mortality of the only wild population of this endangered species. In order to 

calculate mortality, the number of dead individuals following the April-November counts was 

subtracted from the peak number counted at Aransas National Wildlife Refuge during the fall. 

These values allowed researchers to estimate the total loss of Whooping Cranes from 1950 to 

2010, which was 546 individuals (Stehn and Haralsson-Strobel 2014). Based on the historical 

data, these reports estimated that the most significant losses occur off the wintering grounds 

during migration, with a lower proportion lost at the breeding ground.  

Mortality during migration may account for as much as 80% of annual mortality (Lewis 

et al. 1992, and Stehn and Haralson-Strobel 2014). From the 546 known deaths, only 50 (9.2%) 

were identified with a cause of mortality, and the cause for the majority (91%) remains 

unknown. This is because there was no tracking of individuals to establish information on the 

causes and timing of mortality (Stehn and Haralson Strobel 2014). In order to estimate a more 

precise, site-specific risk of mortality, and identify places that Whooping Cranes rely on, we 

used historical information from banded birds, collected from 1977 to 2004 (Gil de Weir 2006) 

and updated until 2009 (Gil-Weir and Weir 2012). This portion of the population was identified 

and monitored yearly, at their breeding ground, wintering ground, and during migration, as was 

possible.  

Mortality does not directly correlate with the proportion of time Whooping Cranes spend 
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on wintering or breeding ground as opposed to migration; however, what is critically important 

for the level of mortality risk is whether the birds are exposed to unpredictable or uncertain 

habitat (Gil de Weir 2006). Whooping Cranes spend enough time in their wintering and breeding 

grounds to permit a period of learning and site recognition, which allows them to identify the 

availability and distribution of resources in a very effective way.  

The objective of this section is to estimate the risk of mortality for Whooping Cranes 

from the R-Project through a model using the historical and telemetry data to determine the 

likelihood of collisions with the proposed power line during migration.  

Methods 

Whooping Crane historical mortality 

For many years, USFWS has recorded all the opportunistic sightings of banded 

Whooping Cranes along the central flyway during migration. We estimated mortality from 132 

Whooping Cranes color-banded from 1977 to 1988 and monitored during 27 years by USFWS 

and the Canadian Wildlife Service (CWS). Their winter territories were identified as Aransas 

National Wildlife Refuge (Aransas) and their composite nesting area (CNA) as Woods Buffalo 

National Park (WBNP), and their presence during migration was confirmed through several 

ground surveys.  

Data from each banded individual were analyzed by Gil-Weir (2006) to identify age-

specific mortality and localized mortality based on when the bird was last seen at Aransas, at 

WBNP, during spring migration, fall migration, or from April to November, as well as to 

determine the causes of mortality when these were identified in the data. Gil-Weir (2006) 

developed a banded database to generate the most unbiased source of information on Whooping 

Crane mortality from 12 cohorts (1977–1989), which provides statistical validity.  

These data allowed us to estimate the proportion of mortality during specific migrations 

and at the breeding and wintering grounds, and to identify which individuals continued to live 

after 2007. We used this information for discussion and modeling purposes, reducing the 

uncertainties described by Stehn and Haralson- Strobel (2014). In addition, these data were 

compared with telemetry data, which allowed us to see the historic use of the area by radio-

tagged individuals; however, the telemetry data only provide a few years of data, and therefore 

the historical data were also used to establish the mortality risk. 
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Mortality collision probability based on R-Project line miles 

Methodology 

We estimated bird collision and mortality risk based on the miles of powerlines that 

cross, or are near to, wetland habitat used historically by Whooping Cranes (WC) during spring 

and fall migration close to the R-Project.  

We used a modified equation from Loss et al. (2014), which allows us to create a model 

to calculate the probability of powerline collision mortality for Whooping Cranes crossing 

powerlines several times during two seasons of the annual migratory cycle: 

Mortality collision probability (Mcp) = L * Kc* M * Tcl * GPi 

Kcollision=  direct power line collisions dead per year/ Āpl 

GPi = Nti/N0 

L is the total length of power lines in the R-Project area that are within Whooping Crane (WC) 

stopover habitat use areas. Kc is the annual average Whooping Crane mortality rate per mile of 

powerline collisions. Āpl  is the average miles of power lines located within a WC stopover 

habitat use area, which is ≤  to the average of maximum flight distance within its stopover habitat  

(this average is calculated through the maximum distance recorded among all the external 

sightings of each Whooping Cranes). We also include two correction factors: (Tcl) that accounts 

for the number of times that WCs cross power lines during migration, and GPi, which is a growth 

population index that accounts for population growth following a logistic pattern of growth. This 

index is a function of the current WC population N0 and the future Nti WC population. This is 

necessary to include because as the population grows, the potential for collisions increases. 

We developed our model with the following assumptions: 

1.  Whooping Cranes have shown sight fidelity (observed in USFWS historical data and 

Telemetry Project records). 

2.  Whooping Cranes may use up to 5 stopover sites during spring or fall migration (Kuyt 

1992).  

3.  Family groups have shown that they migrate together (up to four generations together in a 

flock) and often stop in the same stopovers during migrations.  

4.  The movement patterns of Whooping Cranes are limited to wetlands areas, and adjacent 

feeding areas.  
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Of the 132 color-banded individuals surveyed over 27 years, information on mortality is 

available for 101 cranes. The following table shows the data. Notably, 70% of mortality occurred 

out of the wintering ground. Of this, 42% of mortality occurred during spring and fall migration. 

We further estimated the proportion of mortality at the breeding grounds, based on the number 

that were alive at the breeding grounds, but that never came back to the wintering grounds.  

Based on the data, this table shows that spring and summer migration represent 42% of 

the mortality of banded individuals during migrations, with a probability that during 17% of the 

annual cycle (57 days), a proportion of 0.73 cranes/day could die during migration versus 0.2 

cranes/day at their wintering and breeding grounds. 

  Table 2. Mortality of Whooping Cranes banded individuals (1977 – 2007) during annual cycle.  

 N. of 

days  (n) 

Regional 

mortality 

documented 

(last seen) 

N. of 

dead 

adjusted 

(*) 

% of 

mortality 

per 

region 

Proportion 

of Crane 

dead/day/ 

region 

Winter at ANWR- TX 155 31 31 30.7 0.2 

Spring migration 22 9 17 16.8 0.77 

Summer at WBNP-Canada 153 15 28 27.7 0.18 

Fall migration 35 13 25 24.8 0.71 

April-November (spring, 

summer, fall) 

 33    

Total dead from 132 banded  101    

(* adjustment on spring, summer and fall mortality data from April- November values). 

It is important to note that while NPPD has assessed risk based only on mortality data 

from Stehn and Haralson-Strobel (2014), these data are very limited. Based on a more expansive 

data set, we were able to more accurately calculate the proportion of the population that has died 

over the past few decades, as well as the percentage of documented individuals that collided with 

power lines, which was 23% of the 101 confirmed deaths.  

Based on Table 2, we were able to estimate the historic number of individuals that died 
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per day from 1977 to 2007. At the breeding ground 0.18 individuals died per day, at the 

wintering grounds 0.20 died/day, and during 57 days of migration 0.74 died per day including 

fall (35 days) and spring (22 days). These proportions show that the risk of mortality is at least 

three times higher during migration. 

Table 3: Comparison of Whooping Cranes mortality estimations 

 Stehn & Haralson-Strobel ,2014 Ecosystems Advisors (banded birds) 

Period (years) 1950 -2009 1977 – 2009 

Total mortality 546 101 

Mortality off wintering ground 80% 70% 

Mortality during migration 55% 41.6% 

Powerline mortality rate  20.4% 23% 

Powerline mortality 111 23 

In Stehn and Haralson-Strobel’s (2014) research, the number of mortalities that occurred 

during migration was estimated at 55% of 546 (300 individuals). This estimation was calculated 

from the known 49 mortalities, 28 of which occurred during migration (55%), 10 of which were 

the product by powerline collisions during migration (20.41% from the total mortality) (Stehn 

and Haralson-Strobel 2014). Interpolating this 20.41% from the estimated 546 mortalities, this 

represents 111 individuals that likely died due to powerline collisions from 1950 to 2009 (Table 

3). Based on this calculation, historical annual mortality of Whooping Cranes by powerlines 

could be rough estimated at 1.88/yr. Based on the route and crane habitat use, we further 

estimate that 10 percent of this mortality occurred in the Sandhills ecoregion of Nebraska. This 

mortality estimate for Nebraska was used as an initial reference point to make adjustments in the 

calibration of the model.  

Results and discussion 

 Our results show the probability of mortality from collision with the R-Project for the 

endangered Whooping Crane. We developed this model based on a Mortality Collision Model 

for Bird Assemblages developed by Loss et. al. (2014). Data parameters and results are presented 
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in Table 4. 

Table 4: Parameters and estimated values of mortality collision probability for the endangered Whooping 

Crane. The model is an adaptation of Loss et al’s 2014 Model of mortality probability for a Migratory 

Bird assemblage in North America. 

We based our estimations on the Telemetry Project data, which were collected from 2009 

to 2015. These data were spatially represented in an Arc GIS map (Figure 2) where we could 

observe clusters of sightings and sub-sightings of radio-tracked Whooping Cranes. These clusters 

represent the stopover habitat used by Whooping Crane families that arrived together in the R-

Project area.  

Observed clusters from the data were used to estimate the length of the R-Project (in 

miles) that bisect these clusters (Figure 2). The telemetry project data also show that a number of 

radio-tracked Whooping Cranes have stopped in the R-Project area at least two or more years, 

roosting on wetlands and river habitats, and feeding on adjacent areas, indicating site fidelity. 

This pattern of habitat use by Whooping Cranes, with specific stopover habitat used over 

generations, puts cranes at significant risk when those areas coincide with the R-Project. This is 

consistent with the results of the model, which predicts that several collisions can be expected 

per year for this Project. 

The potential for collisions also increases as the population of cranes increases. In Table 

5 we estimate the Whooping Crane population growth, applying a logistic model of growth: 

Symbol Parameters Units  

Kc 
Average direct power line collisions dead per miles per year in R project area  0.0041 

M 
Proportion of migration time in R project area  1.34 

Āpl 
Average miles of power lines located within a WC stopover habitat range mi 3.35 

Tcl 
Frequency of crossings, is the average number of times that WC cross power lines  2.15 

Lt=0 
Current R project powerlines in contact with WC clusters  mi 147 

Lti 
Future R project powerlines in contact with WC clusters, with WC carrying capacity  mi 225 

Mc2016 = Lt=0 * Kc* M *  Tcl * GPI0   1.73 

Mc2068 = Lti* Kc* M *  Tcl  *GPIti  4.46 
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dN/dt= rN(t-1)*(K-N(t-1)/K).  

Table 5: Projection of Whooping Crane population growth from 2016 to 2067 and R- Project 

probability of powerline risk collision if WC population follows a logistic population growth 

pattern, with a carrying capacity range from 576 to 1156 cranes. r is the average intrinsic rate 

of growth. N0 is 329. 

Year r  Nt PGI Mcp (K 576) Mcp (K 1156) 

2016 0.038 329.00 1.00 1.73 1.73 

2017 0.038 335.63 1.02 1.76 1.78 

2018 0.038 342.26 1.04 1.79 1.82 

2019 0.038 348.91 1.06 1.81 1.87 

2020 0.038 355.56 1.08 1.84 1.92 

2021 0.038 362.21 1.10 1.87 1.97 

2022 0.038 368.85 1.12 1.90 2.02 

2023 0.038 375.48 1.14 1.92 2.07 

2024 0.038 382.10 1.16 1.95 2.13 

2025 0.038 388.69 1.18 1.98 2.18 

2026 0.038 395.26 1.20 2.00 2.23 

2027 0.038 401.80 1.22 2.03 2.29 

2028 0.038 408.30 1.24 2.05 2.34 

2029 0.038 414.77 1.26 2.08 2.39 

2030 0.038 421.19 1.28 2,10 2,45 

2031 0.038 427.57 1.30 2.13 2.51 

2032 0.038 433.89 1.32 2.15 2.56 

2033 0.038 440.16 1.34 2.18 2.62 

2034 0.038 446.37 1.36 2.20 2.67 

2035 0.038 452.51 1.38 2.22 2.73 

2036 0.038 458.59 1.39 2.24 2.79 

2037 0.038 464.60 1.41 2.27 2.85 

2038 0.038 470.54 1.43 2.29 2.90 

2039 0.038 476.40 1.45 2.31 2.96 
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2040 0.038 482.18 1.47 2.33 3.02 

2041 0.038 487.88 1.48 2.35 3.08 

2042 0.038 493.50 1.50 2.37 3.13 

2043 0.038 499.03 1.52 2.39 3.19 

2044 0.038 504.48 1.53 2.41 3.25 

2045 0.038 509.83 1.55 2.43 3.31 

2046 0.038 515.10 1.57 2.45 3.36 

2047 0.038 520.27 1.58 2.46 3.42 

2048 0.038 525.34 1.60 2.48 3.48 

2049 0.038 530.32 1.61 2.50 3.53 

2050 0.038 535.21 1.63 2.52 3.59 

2051 0.038 540.00 1.64 2.53 3.65 

2052 0.038 544.69 1.66 2.55 3.70 

2053 0.038 549.28 1.67 2.56 3.76 

2054 0.038 553.77 1.68 2.58 3.81 

2055 0.038 558.17 1.70 2.59 3.87 

2056 0.038 562.47 1.71 2.61 3.92 

2057 0.038 566.67 1.72 2.62 3.97 

2058 0.038 570.77 1.73 2.63 4.02 

2059 0.038 574.77 1.75 2.65 4.08 

2060 0.038 578.68 1.76 2.66 4.13 

2061 0.038 582.49 1.77 2.67 4.18 

2062 0.038 586.21 1.78 2.68 4.23 

2063 0.038 589.83 1.79 2.70 4.28 

2064 0.038 593.35 1.80 2.71 4.32 

2065 0.038 596.79 1.81 2.72 4.37 

2066 0.038 600.13 1.82 2.73 4.42 

2067 0.038 603.39 1.83 2.74 4.46 

Where, dN/dt is the population change as a function of the intrinsic rate of population 
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growth (r), the population abundance (N), and the carrying capacity of habitat (K). Assuming a 

carrying capacity (K) from 576 to 1156 individuals in the wintering ground (Stehn and Prieto 

2010, Gil-Weir et al. 2012), we calculated an annual change of Whooping Crane population from 

2016 to 2067 and a yearly proportion of population increase in relation to 2016 population (GPi 

= Nti/N0) (Table 5), to adjust the mortality collision probability with the current population. 

The Whooping Crane Mortality Collision Model that we developed estimates that 

construction and operation of the R- Project will almost certainly result in take of Whooping 

Cranes over the 50-year life of the Project. In fact, the model estimates a range of mortality 

collisions that varies from 1.73 to 4.46 per year, if the wild Whooping Crane population follows 

a logistic pattern of population growth (Table 5).  

While the use of bird flight diverters may reduce this risk by up to 50% for other birds, 

these devices are less effective for cranes, and would likely reduce Whooping Crane collisions 

by a smaller or null amount, perhaps by 15% (see below). It is therefore readily apparent from 

our model that Whooping Cranes will be directly harmed by the R-Project.  

We note that no model can state with certainty what will in fact happen, and it is certainly 

possible that some years would see no collisions while in other years the number of incidents 

with the R-Project may even be higher than what our model has shown – especially if a large 

crane family attempts to land in the vicinity of the R-Project during high wind or low light 

conditions, which can result in multiple collisions at the same time. Regardless, it is not even 

necessary to rely on a sophisticated model to see that this Project represents a major obstacle to 

the Whooping Cranes’ migration, and presents a significant risk of collision harm. We provide 

this model to respond to NPPD and to show how NPPD and the Service should have assessed 

risk using the telemetry data; however, given the location of the proposed Project across the 

migratory corridor and the historical use of the area by Whooping Cranes as shown in the 

telemetry data, and the fact that it has been acknowledged that power lines are the greatest cause 

of mortality for migrating Whooping Cranes, regardless of any model it is our expert opinion -  

after having worked on Whooping Crane issues for the past 14 years - that this Project will result 

in take of Whooping Cranes, and that such take could jeopardize the species, since it is so 

critically endangered.  

In fact, our model is conservative, and including more parameters would likely result in a 

higher estimation of mortality due to powerline collision. Other factors such as Environmental 
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stochasticity due to weather conditions (dry years vs. wet years); Whooping Cranes group sizes 

(complex family structure vs pairs, correlated to stopover duration); and future data analysis 

from the telemetry project regarding mortality could be incorporated into a model, and would 

likely indicate that cranes are even more at risk from this Project than we have shown. There can 

be little doubt from the data that we do have, however, that this Project poses a significant risk to 

Whooping Cranes. 

Validation of the model  

The model was validated with data from the Canadian Wildlife Service, USFWS historical 

mortality data, Stehn and Haralson-Strobel (2014), and Gil de Weir (2006), and Whooping Crane 

sighting locations, movement and group size information. Mortality risk obtained from the model 

was compared with observed mortality data based on powerline deaths, carcasses collected, 

power line miles within stopover areas, Whooping Crane crossline movement, average number 

of individuals in group, and 5 stopovers per migration. Estimated historical mortality with power 

lines from 1977 to 2009 produced a range of 0.19 – 3.37 individual deaths due to powerline 

collision, which is close to the model’s prediction. The range observed is influenced by the lower 

population size during this period of time. Appendix A provides the data that were used to 

validate the model. 

IV. NPPD’s Proposed Mitigation is Insufficient 

A. Bird flight diverters will not eliminate the risk of collisions 

As discussed above, our analysis indicates that the proposed R-Project would result in 

several Whooping Cranes collisions each year, and potentially dozens over the 50-year life of the 

Project. NPPD is relying on the use of bird flight diverters to mitigate the risk of such collisions; 

however, their reliance on these devices is entirely misplaced. The science on bird flight 

diverters indicates that they may be up to 50% effective (A.P.L.I.C. 2012) – and thereby reduce, 

but not eliminate the risk of collisions; however, recent studies indicate that Whooping Cranes in 

particular may not be able to see these devices in time to allow them to effectively avoid 

collisions (Drewitt and Langston 2008, Shaw et al 2010, Jenkins et al. 2010).  

While we acknowledge that the Region 6 Guidance on Whooping Cranes suggests that 

bird diverters “could reduce the potential” for collisions to a discountable level, this guidance is 

outdated and unsupported by scientific data. Powerline diverters will not be sufficient to avoid 
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Whooping Crane mortality due to powerline collisions for the following reasons: 

 Even if powerline diverters are very conspicuous to human observers and located in open 

habitat, it may be difficult for cranes to see them. While flying, cranes are looking down for 

foraging patches and roost sites. The birds are more interested in what is below them than 

what lies ahead in the (presumed) open airspace (Drewitt and Langston 2008, Shaw et al 

2010, Jenkins et al. 2010). Cranes therefore have less opportunity to see diverters, and 

therefore, diverters are less effective for this species than other species.  

 Cranes have only a restricted range of flight speeds and some collisions may occur when 

visibility is reduced due to lower light levels or weather conditions such as rain or fog, when 

diverters are ineffective. These conditions reduce the amount of visual information as well as 

the ability of the crane to control its flight. Several Whooping Cranes have moved during 

dark hours and hit power lines (Kuyt 1992). 

 Despite more than 30 years of using markers on power lines, such as reflective balls, flapping 

flags and wire coils designed to increase the probability of their detection from a greater 

distance, the probability of mortality caused by power line collisions remains high for crane 

species. Several studies have therefore concluded that these devices are below the limit of 

visual resolution and/or are not seen until well after the point at which larger birds, like 

cranes, can react in time to avoid the lines (Bevanger 1994, Janss and Ferrer 1998, Janss and 

Ferrer 2000, Drewitt and Langston 2008). 

 It is clear that the information that birds extract visually from their environment can be quite 

different from that extracted by humans in the same circumstance (Martin and Shaw 2010). 

There are differences between humans and bird’s vision, such as relative depth, distance and 

time to contact, as well as field of view. For example, cranes have a comprehensive visual 

coverage of the hemisphere in front of the head extending through only 80 degrees vertically, 

giving these birds extensive blind areas both above and below the head in the frontal 

hemisphere (Martin and Shaw 2010). This makes it hard for them to see bird flight diverters, 

and suggests that they are much less than 50% effective for cranes (most studies find 

diverters to be 50% effective generally, but that is for all bird species). From an anatomical 

perspective, the evidence and arguments reviewed suggest that bird collisions may be the 

result of both visual and perceptual constraints. We do not have a single effective way to 

reduce collisions, as evidenced by the fact that power line collisions remain the greatest 
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threat to this species. Warning or diversion and distraction solutions may need to be tailored 

for particular target species. Solutions may need to take account of the foraging ecology and 

social behavior of the species as well as its visual capacities (Martin and Shaw 2010).  

It is therefore apparent that even with the use of bird diverters, this Project is more than likely to 

result in power line collisions. Based on our model, we would estimate that there will still be 

between 1.5 and 3.8 Whooping Crane collisions per year associated with the R-Project, even 

with the use of diverters.  

Furthermore, placing diverters only within 1 mile of “suitable habitat” – as NPPD plans – 

will be insufficient. First, as discussed above, NPPD made several claims regarding the “suitable 

habitat” of Whooping Cranes that suggests their definition of this term may be improperly 

narrow. Second, there is insufficient information on how NPPD would determine which areas to 

mark. Moreover, we disagree that “at one mile the risk drops to zero.” HCP at 73. Based on the 

telemetry data, the range of the Whooping Crane’s suitable habitat during migration is 3.35 miles 

(+ 1.41 miles) instead of the 1 mile suggested by NPPD. There are records of at least 31 

Whooping Cranes (1,334 sightings and sub-sightings) within an 8-mile diameter of the R-

Project. Whooping Cranes flying to and from sightings and sub-sightings in this stopover habitat 

area may be impacted by the powerline. As Whooping Cranes make short flights between 

feeding and foraging areas (up to 8 miles), they can collide with power lines simply because they 

do not see them and/or can’t maneuver quickly enough to avoid the impact. Therefore, the 

proximity of power lines to locations where birds are landing and taking off is critical (USFWS 

2009). Only focusing on areas within 1 mile of undefined “suitable habitat” ignores the risk to 

these birds as they move across the landscape during migration.  

We note that biologist Gary Ivey (in 2014 – well after the Region 6 Guidance was 

developed) modeled the probability of powerline collision for Sandhill Cranes, and used a 4.12 

mile area in his model. This is the activity range of Sandhill Cranes (i.e. the distance from the 

roosting area to the feeding area), which the birds tend to cross up to 4 times per day (Ivey 

2014). Whooping Cranes move across an even larger area on a daily basis, and therefore placing 

these devices in such restricted areas would have limited benefits – even if the birds are able to 

see them and react in time to avoid hitting the transmission line.  
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B. Proposed construction buffers are insufficient   

To mitigate the impacts of the R-Project on Whooping Cranes, NPPD intends to maintain 

a 0.5 mile buffer, and cease all construction activities when cranes are present in this area. This, 

however, will not be sufficient to prevent harm to cranes. The USFWS protocol for observing 

Whooping Cranes indicates that one should stay at least 0.5 miles away from cranes, either 

inside a vehicle or at an established viewing area to avoid causing noise disturbances. Based on 

years of observations during migration, it is our opinion that any activity that produces noise that 

travels a distance larger than 0.5 miles will adversely impact crane behavior. This will result in 

cranes avoiding historical stopover sites, causing stress and increasing the risk of mortality from 

collisions and predation. This would be especially harmful if they are migrating with juveniles, 

and if they end up in a new or non-familiar place, the risk increases dramatically (USFWS 

Evaluation files from 1975-1999, at Grand Island), and (Gil and Weir 2012, Whooping Crane 

database, PRRIP). 

Importantly, the half-mile USFWS protocol distance for cranes is based on being silent 

inside a vehicle or a blind to observe and avoid disturbance to the Whooping Cranes. That 

distance would not be enough to avoid disturbance from people that are making noise, even if 

they stop actual construction activities. Therefore, while NPPD may cease construction when 

cranes are within 0.5 miles, this does not guarantee that the presence of people and machinery in 

their historic migratory areas will not result in harm. These birds are extremely alert at each stop 

during migration, especially if they are migrating with juveniles. Arriving at their stopover 

habitat to find construction vehicles and human activity within half a mile would likely cause 

them to search for undisturbed wetlands (potentially in low light conditions in the evening), 

creating a higher risk of collision. 

Based on our field work and analysis as crane biologists, any activities that include 

movement or noise within 1 mile of cranes represent a potential for disturbance. The range of 

disturbance could be even higher, such as when noises are produced by cars or other machinery 

from the same direction as prevailing winds, which increases the distance the sound may travel. 

NPPD’s reliance on Armbruster and Farmer (1981) regarding avoidance of roads and 

homes by Sandhill Cranes is also unjustified. HCP at 72. Sandhill Cranes are often used as a 

stand-in for Whooping Cranes for issues such as power line collisions because they are of a 

similar size and have similar flight characteristics; however, the species are quite different with 
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regards to the habitat areas they use, and their tolerance of human activities. Sandhill Cranes feed 

on vegetation while Whooping Cranes feed on invertebrates or vertebrates, and therefore the 

areas they require for feeding are different, resulting in different use of the landscape. Moreover, 

Sandhill Cranes travel in much larger group sizes, which alter their susceptibility to human 

disturbance, since they are part of a larger, noisier flock than Whooping Cranes, which may 

mask other noises. 

It is therefore our opinion that the proposed construction buffers are insufficient to 

prevent harm to Whooping Cranes.  

C. Proposed surveying and monitoring are insufficient and will cause harm to 

Whooping Cranes 

We are further concerned that the proposed surveying and monitoring protocols will 

actually result in harm to Whooping Cranes, rather than act as a conservation measure to protect 

the species. In order to prevent harm to cranes, NPPD needs to develop a more reasonable 

method for avoiding cranes during construction of the Project.  

NPPD admits that “[t]he presence of construction personnel and equipment in and 

adjacent to potentially suitable habitat along the R-Project over the period of project construction 

(approximately 21 to 24 months) may cause migrating Whooping Cranes arriving in the area to 

avoid potentially suitable Whooping Crane habitat where the construction activity is occurring.” 

HCP at 73. This statement affirms that with construction activities close to potential habitat, 

Whooping Cranes will need to find other stopover sites, which creates an additional risk of stress 

and mortality. During migration, we have observed a lower level of tolerance to disturbance, 

especially when cranes are traveling with young. For example, in a migrating flock of subadults, 

adults, and the chicks of the year, the juvenile is surrounded by its family while it is eating or 

resting, and as soon as a noise disturbance is heard, they immediately change to alert posture and 

often take off. Studies on behavioral responses observed at the wintering ground (Lafever 2006) 

describe how Whooping Cranes confronted by an uncommon activity, such as humans walking 

close to them, produced a severe reaction, and caused an alarm.  

In order to avoid impacts during construction-related activities, NPPD plans to use daily 

Whooping Crane surveys:  

[I]mmediately prior to construction during the spring (March 23 to May 10) and 

fall (September 16 to November 16) Whooping Crane migration periods. Surveys 
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will occur in the morning prior to the initiation of construction activities that day. 

If no Whooping Cranes are observed within 0.5 mile, work will commence at that 

location. If, during the day, a Whooping Crane lands within 0.5 mile, all work 

will cease and will not resume until the Whooping Crane(s) has left the area or 

relocated at least 0.5 mile away from the construction area of its own accord.  

HCP at 73. It remains unclear, however, how this would work. Appendix E, the Compliance 

Monitoring Plan, states that surveys will be done using helicopters, and it does not show any 

other alternative ground survey method. If NPPD is going to use aerial surveys with helicopters, 

this will present more disturbance than any other abiotic factor, because cranes are very sensitive 

to noises, such as helicopter or machinery, during migration. If there will be ground surveys, it 

remains unclear how NPPD would cover the area to ensure that no cranes are within 0.5 miles 

throughout the day, when cranes may be flying in from several directions. 

It also remains unclear what the alternative plan will be when weather conditions will not 

permit aerial surveys. Aerial surveys and identification of Whooping Cranes requires trained 

experts and observers. Aerial surveys also require support from ground survey teams to confirm 

the sighting. Ground surveying will require a Whooper Watch trained team to cover a long 

distance simultaneously. It remains unclear how long such a survey would take, how many 

observers would be used/needed, or how monitoring could cover the entire area to prevent harm 

to Whooping Cranes.  

There is also a concern that if monitoring is left to the developer (NPPD), its employees 

will have an impetus to scare birds away or not report them, avoiding the need to stop 

construction if cranes are present. If the construction of the project will take 1.5 years, as NPPD 

has indicated, then this would include 3 migration periods. There is a high likelihood that during 

these migrations, cranes will be in the vicinity of the Project, since the telemetry data suggests 

that this is a high use area for the species. It remains unresolved whether NPPD would be truly 

willing to stop all construction activities during these periods to avoid impacts – especially given 

that some birds have been known to remain in one place resting and feeding for several days, 

which could interrupt the construction schedule.    

There is a further concern that the routine inspection of the transmission line may harm 

Whooping Cranes. According to the HCP, these activities would also be “completed by 

helicopter, fixed-wing aircraft, or ground patrol twice per year, in the spring and fall following 
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completion of construction.” HCP at 78. The use of helicopters, as mentioned before, during the 

spring and fall migration would cause a big disturbance for Whooping Cranes at their roost or 

feeding areas, creating an increased risk of harm to the species. 

V.  Conclusion: The R-Project Will Harm Whooping Cranes, and Power Lines Like the 

R-Project Remain the Greatest Threat to the Species 

It is well established that collisions with power lines are a substantial cause of Whooping 

Crane mortality during migration (Brown et al. 1987, Lewis et al. 1992). Collisions with 

powerlines have been responsible for the death or serious injury of at least 46 Whooping Cranes 

since 1956, and the actual number may be much higher given the lack of data on Whooping 

Crane mortality.  

Even NPPD itself notes that “[o]nce constructed, a power line—distribution or 

transmission—may present a potential collision hazard for Whooping Cranes.” HCP at 73. The 

Service has further acknowledged that “birds are likely to collide with the transmission line wires 

resulting in injury or mortality, even with placement of bird flight diverters.” DEIS at 3-150. As 

set forth above, based on our work with Whooping Cranes over the past 14 years, and 

considering the historic sighting and telemetry data and our model of risk, it is our expert opinion 

that this Project is likely to result in several Whooping Crane collisions over the 50 year life of 

the Project. Moreover, the harm to the Whooping Crane population associated with this Project, 

which numbers just over 300 and must be over 1,000 to be genetically viable, will jeopardize the 

species, undermining recovery efforts and risking the continued existence of this iconic species. 

 We therefore entirely disagree with NPPD that “[r]egardless of the method used to assess 

risk, the likelihood a Whooping Crane will collide with the R-Project is extremely low.” HCP at 

75. This is not supported by data or logic. The telemetry project data, with 1,334 sightings close 

to the R-Project, indicate that there is a high risk of harm. It is therefore our opinion that the R-

Project will result in harm to migrating Whooping Cranes, and could jeopardize this iconic 

species.  
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APPENDIX A 

Table A1. Historical USFWS Whooping crane mortality data (Gil de Weir 2006, CWS 2009, 

USFWS 2009, Stehn and Haralson-Strobel 2014) to estimate observed mortality due to 

powerline collision with data from 1977 to 2009. 

Year WC 

Population  

Fall Subadult 

and Adult 

Mortality (Stehn 

and Haralsson-

Strobel 2014) 

(a) 

Fall Young 

Death (Gil  de 

Weir 2006) 

(b)  

Total April- 

November 

Mortality 

 (a + b) 

Carcass 

recovered 

(Stehn and 

Haralsson-

Strobel 2014 (c) 

Powerline 

mortality 

(Stehn and 

Haralsson-

Strobel 

2014) (d) 

Total 

Powerline 

deads 

adjusted to 

total deads 

(∑d / ∑c) 

Powerline 

dead / WC  

group* 

times 

crosslines 

**/ 3.35 

miles within 

stopover. 

1977 72 2 0 2 0 0 0.5 0.19 

1978 75 4 1 5 0 0 1.25 0.48 

1979 76 4 3 7 0 0 1.75 0.67 

1980 78 6 0 6 1 0 1.5 0.58 

1981 73 6 1 7 2 1 1.75 0.67 

1982 73 3 3 6 3 1 1.5 0.58 

1983 75 4 8 12 1 0 3 1.16 

1984 87 3 3 6 1 1 1.5 0.58 
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1985 97 7 0 7 1 0 1.75 0.67 

1986 110 0 0 0 0 0 0 0.00 

1987 134 12 1 13 1 0 3.25 1.25 

1988 138 5 0 5 3 1 1.25 0.48 

1989 146 9 4 13 1 1 3.25 1.25 

1990 146 11 7 18 2 0 4.5 1.73 

1991 132 10 1 11 1 0 2.75 1.06 

1992 136 9 6 15 1 0 3.75 1.44 

1993 143 11 4 15 1 0 3.75 1.44 

1994 133 3 7 10 0 0 2.5 0.96 

1995 158 13 0 13 1 0 3.25 1.25 

1996 160 8 6 14 1 0 3.5 1.35 

1997 182 16 5 21 1 1 5.25 2.02 

1998 183 12 12 24 0 0 6 2.31 

1999 185 16 3 19 0 0 4.75 1.83 

2000 177 13 3 16 1 0 4 1.54 

2001 174 5 0 5 1 0 1.25 0.48 

2002 185 15 6 21 1 1 5.25 2.02 

2003 194 10 2 12 3 0 3 1.16 

2004 216 25 2 27 2 0 6.75 2.60 

2005 218 22 2 24 0 0 6 2.31 

2006 237 10 4 14 2 0 3.5 1.35 

2007 266 34 1 35 0 1 8.75 3.37 

2008 270 5 3 8 4 0 2 0.77 

2009 263 3 0 3 0 0 0.75 0.29 

*  Average group size = 3 individuals, ** Time crossline = 2.15 

We added fall migration juvenile mortality data (Gil de Weir 2006) to the April-

November sub-adult and adult mortality data from Stehn and Haralson- Strobel (2014), to assess 

the total mortality during migration. 

In this table, we use total recovered carcass numbers associated with power line collisions 

to estimate an average number of individuals killed by powerlines (total column B/ total column 

C). This number gave an average mortality from 1977 to 2010. This number is then multiplied by 

the total mortality during migration, Column D. This value is divided by the average number of 

stopovers (5). This value is divided by the area of potential impacts to Whooping cranes in their 

stopover, based on flying distance within stopover (3.35 miles).  
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of birds in two tropical deciduous forest in Dinira National Park and neighboring areas of 

the Los Olivitos mangrove. Venezuela.  Joint Ecology Meeting BES/ESA. Orlando, 

Florida.  April 10-13, 2000. 

 

Weir, E., and K. Gil-Weir.  A comparative study of the diversity of birds in an evergreen  

forest and a grassy plain, Dinira National Park, Venezuela. Annual Meeting Ecological 

Society of America.  Spokane, Washington.  August 8-12, 1999. 

 

Weir. E., W. Contreras, and K. Gil-Weir.  Biological control of Diatraea sp.  

(Lepidoptera: Pyralidae) in sugarcane crops in Aragua and Carabobo States. Venezuela. 

VII International Congress of Ecology. INTECOL. Florence, Italy. July 19-25, 1998. 

 

Weir, E. and K. Gil-Weir.  Competition between Penicilum citrinum and Fusarium  

oxisporum.  III Congreso Latinoamericano de Ecología. Merida, Venezuela. October 22-

28, 1995.  
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CONFERENCES 

 

Gil-Weir, Karine. Cranes, Biology and Inspiration, Sandhill Cranes and Whooping Cranes.  

Guest speaker for the Travis Audubon Society, Austin, February 18, 2016. 

Gil-Weir, Karine. Cranes, Biology and Inspiration, Sandhill Cranes and Whooping Cranes.  

Guest speaker for the Lost pines Christmas Bird Count, Bastrop County Audubon 

Society, LCRA’s McKinney Roughs Nature Park, Lost Pines Chapter - Texas Master 

Naturalist Program, at Hyatt Regency Lost Pines Resort & Spa, December 20, 2015. 
Gil-Weir, Karine. Cranes, Biology and Inspiration, Sandhill Cranes and Whooping Cranes.  

Guest speaker for the Rio Brazos Audubon Society, April 8
th

, 2015, at the Brazos Valley 

Museum of Natural History, Bryan, TX. 

Gil, K. Whooping Crane and Sandhill Crane Research. ”Wings speaker Series”, at Stuhr  

Museum. March 5th, 2011.  

Gil, K. Spatial Distribution/Abundance of Roosting Cranes in Platte River Valley”. The  

41st. Annual Rivers and Wildlife Celebration. March 19th, 2011. 

Gil, K. Whooping Crane and Sandhill Crane Migration, and use of the Platte River in  

Nebraska. Nebraska Nature and Visitors Center Speaker Series, March 20th, 201. 

Gil, K. Cranes Migration, and Inspiration. Grand Island Public Library, NE. For the  

Nebraska Library Association/Nebraska Educational Media Association 2010 

Conference. October 13th, 2010. 

Gil, K.  Impacts of global and regional climate on Whooping Crane demography:  

trends and extreme events.  Hastings College, Department of Biology.  March 24th, 2010. 

Gil, K.  Whooping Crane life cycle and population dynamic during the last 30  

years.  Stuhr Museum. Grand Island, Nebraska.  March 2 and March 27, 2009.  
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Gil, K.  Whooping Crane and Sandhill Crane: migration and inspiration.  At the  

Monshell Art Awards. Riverside Club, Grand Island, NE. February 19, 2009 

Gil, K.  Whooping Crane life cycle and population dynamics during the last 30  

years.  Sturh Museum, Grand Island, Nebraska. March 1st and March 28th, 2008. 

Gil, K.  Whooping Crane life cycle and population dynamics during the last 30 years.  

Kiwanis International. Howard Johnson Hotel, Grand Island, NE.  March 7, 2008. 

Gil, K.  Ecology of the Whooping Crane.  Crane Meadows Center.  Wood River,  

Nebraska.  March 4
th

 and April 1
st.

, 2007. 

Gil, K.  Demography of the Whooping Crane and environmental factors in a  

simulation model / Demografía de la grulla americana y los factores ambientales en un 

modelo de simulación.  Aula Laureano Roncal de la Universidad Juárez del Estado de 

Durango, Mexico. Oct 25, 2006 (In Spanish). 

 

11BOUTREACH EXPERIENCE 

 

 Coordinator of the Whooper Watch Program at the Whooping Crane Trust. Nebraska, 

Spring and Fall Migrations: 2007, 2008, 2009, 2010 and Spring 2011. 

  Nebraska Outdoor Exhibition, Game and Parks.  Whooping Crane Migration Game and 

Presentation for approximately 500 children. March 2008. 

 Environmental education conference and children interactive activity “The Life cycle of 

the Whooping Crane” at the Crane Meadows Center (Wood River) and at the Hastings 

Children Museum, February and March 2007. 

 Coordinator of two workshops for ecosystem modelers for San Antonio Guadalupe 

Estuarine System, SAGES project, 2003, and 2005. Texas A&M University. 

 Production of two videos of the Biodiversity in Maracaibo Lake for Zulia University and 

Shell of Venezuela, December 2003. 

 

6BSCIENTIFIC AND PROFESSIONAL ORGANIZATION MEMBERSHIPS 

 

 American Ornithologists’ Union (2009- present) 

 Waterbird Society (2009- present) 

 Ecological Society of America member (ESA-2000-present) 

 International Society of Ecological Modeling (ISEM- 1998- present) 

 Sociedad Venezolana de Ecología (SVE- 2002 - present) 

 Wetland International Cormorant Research Group (WICRG- 2001- present) 

 Asociación de Egresados en Ciencias del Edo. Zulia (1992-2002) 

 North American Crane Working Group (2008- present) 

 Whooping Crane Conservation Association (2008- present)  

 

SKILLS 

 

 Blackboard Learning Management System, Angel version teaching experience. 

 Biology Lab and field equipment / field trip coordination experience. 

 Trapping (mammals, birds, fish and insects), monitoring, ground and aerial bird census.  
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 Microsoft Office (Word, Excel, Power Point, Publisher, and Access), End Note, Google 

Earth Pro, Argos.  

 Spatial programs: GIS ArcView, V. 9.2. 

 Modeling software: STELLA model simulation, RAMAS METAPOP.  

 Statistics packages: STATA, and SPSS. 

 Languages: Spanish (native), English (fluent), and Swedish (basic). 

 

 

 

 



E N R I Q U E  H .  W E I R  
P . O . B O X  1 1 0 5 3 , C O L L E G E S T A T I O N ,  T E X A S  7 7 8 4 2  –  ( 9 7 9 ) 2 2 0 - 4 1 9 0   

henryweir@ecosystemsadvisors.com 

 
 

 
EDUCATION  Texas A&M University, College Station, TX                                             2002-2005 

 Postdoc in Ecology and management of natural resources, systems analyses and simulations  
 
   Universidad Simón Bolívar, Venezuela                           1991 

 Ph.D. in Ecosystem Science Ecology 
 
   Universidad Simón Bolívar, Venezuela                           1982 

 M.S and B.S in Biology 

                     
RELEVANT 
EXPERIENCE Ecosystems Advisors LP, Texas                 03/2011- Present 

Senior Environmental Scientist           

 Analyzing, monitoring and mitigating the impacts of land and habitat degradation with a focus on species 

protection. 

 Research projects include:  
o Historic whooping crane sighting database: habitat use and temporal- geographic distribution 

patterns in the Central Flyway. 
o Effect of the PDO, El Niño, and Temperature global change in aquatic birds assemblages. 

 Coordinator and instructor of workshops in systems analysis and simulations, use of GIS and spatial 
models to analyze effects of climate change in aquatic bird populations. 

 Environmental audits and inspections of the critical habitats of whooping cranes in Nebraska and the 
Central flyway.  

 
Crane Trust and Ecosystem Advisors LP, Nebraska                                                    07/2007-03/2011 

   Systems Ecologist 

 Developed an ecological model for the relationship between habitat availability and the distribution of 
migratory aquatic birds, to assess habitat management and the impacts of climate change. 

 Created a bibliography database of the wet meadow habitat associated with the Platte River System, in 
order to develop a comprehensive “wet meadow’s work definition,” for the Platte River Recovery 
Implementation Program. 

 Conducted environmental audits and inspections of the whooping crane critical habitat in Nebraska and 
the Central flyway. 

 Monitored the effects of crane habitat degradation and recommended means of prevention and/or 

mitigation. 

The Beijer International Institute of Environmental Economics, Royal Swedish Academy of Sciences, 
Stockholm, Sweden.                                                                             11/2005 – 10/2006 

 Guest Researcher 

 Developed a conceptual model and inter-institutional and inter-disciplinary proposal for the Decision 
Support System for the Great Cormorant-Fisheries Conflict in Sweden. 

 
Texas A&M University, College Station, Texas                09/2002 – 10/2005 
Environmental Specialist 

 Developed a spatial model of the relationship between water availability, climate conditions and aquatic 
bird distribution and abundance in the Lower Rio Grande Valley of Texas. 

 
Universidad del Zulia, Universidad Rafael Maria Baralt, INIA, MARN, Maracaibo, Venezuela. 

 Chief Researcher and General Coordinator                                                                                     01/1998 - 12/2004 

 Research Programs:  
o Biodiversity of the West Urdaneta Field, Lake Maracaibo, Venezuela  

(Funding by Shell Venezuela S.A.) 
o Biodiversity of Los Olivitos Ecosystem and Adjacent Areas, West Venezuela. 
o FONICIT and The Interamerican Development Bank 

 
 



 Universidad del Zulia, Ministry of Environment, Zulia Government, Maracaibo, Venezuela.        1999 
 Group Member  

 Advisor on the environmental impacts of the Aguas Profundas Port of Lago de Maracaibo 
 
Petroquímica de Venezuela S.A. El Tablazo, Venezuela                 11/1991 - 09/1995 
Water and Soil Remediation Supervisor 

 Supervisor of the sanitary and remediation field for the Petrochemical Complex 

 Developed the protocol for the toxicological analysis of the final effluent of the Petrochemical Complex 

 Taught the extension course: “Environmental protection and petrochemical and oil activities” 

 Developed environmental inspection protocols for the oil and petrochemical companies in Lake 
Maracaibo 

 Member of Environmental Committee of “Petroleos of Venezuela.” 
 

 

ACADEMIC  APPOINTMENTS 
                        
 Innova College, Miami, Florida                            06/2013- Current  
 Professor of Biology 
 
 Lone Star College- Cyfair, Cypress, TX       07/2014-12/2014 
 Adjunct Professor of Environmental Science 
  
 Universidad de Juarez, Durango, Mexico                                    2006-2013 
 Visiting Professor 

 Simulation Models Course on Ecosystems and Populations 
 
Texas A&M University, College Station, TX.      01/2003-10/2005 

 Visiting Professor 

 Postdoctoral research: “Spatial relations of aquatic bird species, irrigation system, water reservoirs and 
natural areas in the Lower Rio Grande Basin.”  

 
Universidad del Zulia, Maracaibo, Venezuela       01/1995-12/2004 

 Professor of Ecology  

 Courses: Ecology, Population Ecology, Animal Ecology and Natural Resources Management. 

 Administrator of the Graduate Programs of Biology and Applied Ecology. 
 

 

SKILL SUMMARY  

 Environmental audits and environmental impact assessments  

 Economic analysis of natural resources 

 Animal inventories in estuaries, wetlands, river basins, dry forest, great plains, savannas, and agro-
ecosystems 

 Evaluation of climate change impacts on wildlife and fisheries and their habitats 

 Development and application of spatial and analytical models to natural resources impacts, conservation 
and management 

 Ecology and epidemiology of disease originated by insect vectors 

 

Publications:  

Johnsgard, Paul A., Weir, Enrique H. and Gil-Weir, Karine. "Música de las grullas: una historia natural de las grullas de América" 
(2014). Zea E-Books. Book 25. http://digitalcommons.unl.edu/zeabook/25 

Gil-Weir, K., E. H. Weir, C. L. Casler, and S. Aniyar. 2011. Ecological Functions and Economic Value of the Neotropic Cormorant 
(Phalacrocorax brasilianus) in Los Olivitos Estuary, Venezuela. Environment and Development Economics. 16(5): 553-572 

Weir, E.H., K. Gil-Weir, and C. L. Casler. 2010.  Riqueza y abundancia de la aves en el Refugio de Fauna y Reserva de Pesca Ciénaga Los 
Olivitos, Estado Zulia. Boletín del  Centro de Investigaciones Biológicas 44(4): 403-424 

Garcia, M. Ch., C., L. Casler, N. Méndez y E.H. Weir. 2008. Avifauna del bosque de manglar del Refugio de Fauna Silvestre Ciénaga Los 
Olivitos E.H. Weir, and C. Casler.  2004.  Biodiversity of West Urdaneta Field, Lake Maracaibo, Venezuela. Universidad  del  Zulia-
SHELL  de  Venezuela. Editorial Astrodata, Maracaibo, Venezuela. 267 pp. 



Paredes, M., E. H. Weir, and K. Gil. 2001.  Reproducción  del  ave Mimus gilvus (Passeriformes: Mimidae) en Maracaibo,  Venezuela.  
Revista de Biología Tropical 49(3):1143-1146. 

Chávez, R., J. Delgado, M.  Paredes, and E. H. Weir. 2000. Primer Registro de Lironeca tenuistylis (Richardson, 1912)  (Isopoda: 
Cymothoidae) para Venezuela. Boletín del  Centro de Investigaciones  Biológicas.  34 (3): 423-428  

Weir, E.H., and K. Gil. 1999. Competencia interespecífica entre Penicillium citrinum y Fusarium   oxysporum. Boletín  del  Centro de 
Investigaciones Biológicas. 33 (2): 83-92. 

Weir, E.H., and L.Sagarzazu.  1998. Interspecific competition   between Metagonystilum minense (Diptera: Tachinidae) and Cotesia   flavipes 
(Hymenoptera: Brachonidae) parasitoids of sugarcane borers Diatraea sp. (Lepidoptera: Pyralidae). Revista de Biología Tropical 46(4): 
1133-37 

Weir, E.H., and A.  Vivas.  1997.   Preferencia  de Metagonystilum  minense (Diptera: Tachinidae)  entre Diatraea   saccharalis   y   Diatraea   rosa 
(Lepidoptera: Pyralidae). Boletín del Centro de Investigaciones Biológicas. 31  (2): 111-121 

Weir, E.H., M. Muñoz, and A. Vivas. 1996. Madurez Testicular  en  Holochilus venezuelae y Sigmodon alstoni. Boletín del Centro de 
Investigaciones  Biológicas. 30(2): 187-194. 

Weir, E.H., and Benado, M. 1996. Estudio del Comportamiento  de  Oviposición en Drosophila martensis  en  sustratos  fermentados  de  
cactos Ciencia. 4 (Suplemento Especial): 33-38. 

Mäler, K-G., S. Aniyar, C. Casler, E. H. Weir, J. Fuenmayor, J. Rojas, and J. Reyes. 1996. An Economic Model of the Los Olivitos  

Weir, E.H. 1991. Competencia intraespecifica y respuestas comportamentales en   Metagonystilum  minense. Tesis Doctoral (Intra-specific, 
Venezuela. Boletín  del  Centro de Investigaciones Biológicas 42(4): 521-549. 

Weir, E.H., W. Contreras, and Gil-Weir, K. 2007. Biological control of Diatraea spp. (Lepidoptera: Pyralidae) in sugarcane crops in Central 
Venezuela. Rev.Biol.Trop. (Int.J.Trop.Ecol) 55(2):655-658. 

 

Congress and symposia presentations:  

Gil, K. and E. Weir. Proposal of an integrated database for the wild Whooping Crane population. Presented to the board of the board of 
the Whooping Crane Recovery Program, in the Thirteen North American Crane Workshop.  Lafayette, Louisiana. 2014 

Weir, E. H. Efecto del cambio climático en la expansión o regresión en el rango geográfico de las especies. 2do. Congreso 
Multidisciplinario de Ciencias Aplicadas en Latinoamérica. Ciudad de Guatemala, Guatemala, 2014. 

Weir, E. H. 5to Congreso de Ingenieria Tecnologica. “Dinámica de la biodiversidad en ecosistemas de humedales en zonas tropicales y templadas, 
implicaciones para el manejo y conservación”. Durango. Mexico. 2013.  

Weir, E. H., and F. Chavez-Ramirez. Wet meadows distribution, use by whooping cranes and other migratory birds, and hydrological 
influence at South Central Nebraska: a literature and information summary and evaluation. 2011.  

Gil deWeir, K, Weir, E. H, C.Casler, and S. Aniyar. Ecological Functions and Economic Value of the Neotropic Cormorant  in los 
Olivitos Estuary, Venezuela. 33rd Annual Meeting-Waterbird Society. Cape May, New Jersey. November 2009.  

Weir, E. H.  Birds species richness and abundance associated with water availability, and climate in south-Central Nebraska. 33rd Annual 
Meeting-Waterbird Society. Cape May, New Jersey. November 2009. 

Weir, E. H.  Bird Species Richness and Abundance Associated with Water Availability, Habitat Management and Climate in South-Central 
Nebraska.  Fall Platte River Basin Science and Resource Management Symposium. Kearney, Nebraska. October, 2009. 
http://watercenter.unl.edu/PRS/PRS2009/PRS2009.asp 

Weir, E. H. Bird species richness and abundance associated with water availability, and climate in south-central Nebraska. 94th Annual 
Meeting of the Ecological Society of America. Albuquerque Milwaukee, New Mexico. August 2009. 

Weir, E. H. and F. Chavez-Ramirez. A simulation model for the relationship among water flow, groundwater, wet meadows, and aquatic 
birds at central Platte River, Nebraska. 93th Annual Meeting of the Ecological Society of America.Milwaukee, Wisconsin. August 
2008. 

Gil, K., W.E. Grant, R.D.Slack, and E.H.Weir. Impacts of global and regional climate on population dynamics of the endangered 
whooping crane. 93th Annual Meeting of the Ecological Society of America.Milwaukee, Wisconsin. August 2008. 

Weir, E. H. Spatial relations of aquatic bird species and water management in the Lower Rio Grande Basin. 91st Annual Meeting of the 
Ecological Society of America. Memphis, Tennessee. August, 2006. 
http://abstracts.co.allenpress.com/pweb/esa2006/document/?ID=61221 

Weir, E. H., N.  Wilkins and K. Gil.  2005.  Spatial relations of aquatic bird species, irrigation system, water reservoirs and natural areas in 
the Lower Rio Grande Basin. Río  Grande  Basin Initiative  Annual Conference. Alpine Texas. USA. April 2005. 
http://riogrande-conference.tamu.edu/wrapup2005presentations/session_5B/Task6_Weir.pdf 

Gil, K., E.H. Weir, C. Casler, and S. Aniyar. Ecological Functions and Economic Value of the Neotropic Cormorant (Phalacrocorax 
brasilianus) in Los Olivitos Estuary, Venezuela. Cambridge. U.K. 6th Annual Bioecon. Conference on “Economics and Analysis of 

http://watercenter.unl.edu/PRS/PRS2009/PRS2009.asp
http://abstracts.co.allenpress.com/pweb/esa2006/document/?ID=61221
http://riogrande-conference.tamu.edu/wrapup2005presentations/session_5B/Task6_Weir.pdf


Biology and Biodiversity”. Kings College Cambridge, University of Cambridge, England. September, 2004. 
http://www.ucl.ac.uk/bioecon/6th_paper/Gil%20De%20Weir.doc  

Weir, E. H., N. Wilkins, and W.E. Grant. Spatial relations of aquatic birds, water availability and refuges in the lower Rio Grande valley. 
89th. ESA Annual  Meeting. Portland, Oregon. August, 2004. 
http://abstracts.co.allenpress.com/pweb/esa2004/document/?ID=38182 

Weir, E. H., N. Wilkins, and Gil-Weir Karine. Spatial relations of aquatic bird species, irrigation system, water reservoirs and natural areas 
in the Lower Rio Grande basin.   Río  Grande  Basin Initiative  Annual Conference. Las Cruces New México. USA. April, 2004.  

Weir, E. H., Gil-Weir, K., and  C. Casler. Bird richness and abundance at The Olivitos Wildlife Refuge and Fishing Reserve, Zulia State, 
Venezuela. 88th. ESA Annual  Meeting. Savannah, Georgia. August, 2003. 
http://abstracts.co.allenpress.com/pweb/esa2003/document/?ID=24995 

Weir, E. H., K. Gil-Weir, C. Rodríguez. Rosales, R. Rivera,  M.  Chocron,  and J. Velazco.  Diet of nine fish species in the Los Olivitos 
estuarine, Zulia State, Venezuela.  87th. ESA Annual  Meeting.  Tucson, Arizona.  USA. August, 2002. 
http://abstracts.co.allenpress.com/pweb/esa2002/document/?ID=4942 

Gil-Weir, K., and E. H. Weir. Estimating the Economic value of the Neotropical Cormorant (Phalacrocorax brasilianus) in Los Olivitos 
estuary, Venezuela. 87th. ESA Annual  Meeting.  Tucson, Arizona.  USA. August, 2002. 
http://abstracts.co.allenpress.com/pweb/esa2002/document/?ID=4942 

Gil, K., E.H. Weir, and C. Casler.  2004.  Biodiversity of West Urdaneta Field, Lake Maracaibo, Venezuela. Universidad  del  Zulia-
SHELL  de  Venezuela. Editorial Astrodata, Maracaibo, Venezuela. 267 pp.  

Weir, E. H., K. Gil de Weir, and  C. L. Casler.  A comparative bird study at Ancon de Iturre-Quisiro Dry Forest, Estado Zulia, Venezuela.  
.86th Annual Meeting Ecological Society of America (ESA), Madison, Wisconsin, U.S.A. August, 2001. 
http://abstracts.co.allenpress.com/pweb/esa2001/document/?ID=26157 

Gil-Weir, K., and E. H. Weir. Fish and shrimp biomass consumption by the olivaceous cormorant population in Los Olivitos estuary, 
Venezuela.  International Symposium and Workshop on Interaction between fish and birds, implications for management. Hull, 
England, April, 2001. 

Weir, E. H., K. Gil-Weir, S. Ramirez, and A. Saras. A comparative study of the diversity of birds in two tropical deciduous forests, in 
Dinira National Park and Neighboring of the Los Olivitos Mangrove, Venezuela.  British Ecological Society and Ecological 
Society of America. Orlando, Florida, U.S.A. April, 2000. 

Weir, E. H., and K. Gil-Weir. A comparative study of the diversity of birds in an evergreen forest and a grassy plain, Dinira National Park, 
Lara State. Venezuela. 84th ESA Annual Meeting Ecological. Spokane, Washington. August, 1999. 

Weir, E. H., and W. E. Grant. Mangrove and estuarine productivity: simulation of shrimp and fish Production as a function of litter fall 
and cormorant densities in Los Olivitos mangrove, Venezuela.  Annual Meeting International Society for Ecological Modeling 
and 83rd ESA Annual Meeting. Baltimore, Maryland. August, 1998. 

Weir, E. H., W.Contreras, and K. Gil de Weir.  Biological Control of Diatraea sp. (Lepidoptera: Pyralidae) in sugarcane crops in Aragua 
and Carabobo States,   Venezuela.   VII   International Ecology Congress, International Association for Ecology (INTECOL), 
Florence, Italia. July, 1998. 

Weir, E. H., and L. Sagarzazu.   Interspecific Competition   Between Metagonystilum minense and Cotesia   flavipes, parasitoids of sugarcane 
borer. Annual Meeting American Society of Naturalists, Boulder, Colorado, U.S.A. June, 1997. 

Weir, E. H., and M. Benado. Estudio del Comportamiento de Oviposición de Drosophila martensis en Sustratos Fermentados de Cactos. 
VII Jornadas de la Facultad de Ciencias, Universidad del Zulia, Maracaibo, Venezuela. July 1996. 

Aniyar, S., C. Casler, and E. H. Weir. Economic Analysis of Mangrove Ecosystem in Zulia State, Venezuela. Case Study:  Los Olivitos 
Wildlife Refuge and Fishing Reserve. Beijer Research Seminar, The Beijer Institute.  Merida, Venezuela. January. 1996 

Maler, K., S. Aniyar, C. Casler, and E. H. Weir.  Coastal Wetlands and Global Warming - The Case of Los Olivitos.  Symposium on the 
Environment and Sustainable Development. The Japan Development Bank Research Center on Global Warming. Hakonen, 
Japan. 1996 

Weir, E. H., Casler C., and Aniyar S. Análisis Económico en Ecosistemas Manglarinos: Caso Refugio de Fauna y Reserva de Pesca 
Ciénaga Los Olivitos. III Congreso Latino Americano de Ecología, ULA. Mérida, Venezuela. October, 1995. 

 

Scientific reports: 

Weir. E. H., and K. Gil. 2016. Historical whooping crane sighting database: habitat use and temporal – geographic distribution patterns on 
the Central Flyway (an update to 2015). Ecosystems Advisors LP, College Station - Texas.  

K. Gil -Weir, and E. H. Weir. 2014. Historical whooping crane sighting database: habitat use and temporal – geographic distribution 
patterns on the Central Flyway (an update to 2011). Ecosystems Advisors LP, College Station - Texas.  

http://www.ucl.ac.uk/bioecon/6th_paper/Gil%20De%20Weir.doc
http://abstracts.co.allenpress.com/pweb/esa2004/document/?ID=38182
http://abstracts.co.allenpress.com/pweb/esa2003/document/?ID=24995
http://abstracts.co.allenpress.com/pweb/esa2002/document/?ID=4942
http://abstracts.co.allenpress.com/pweb/esa2002/document/?ID=4942
http://abstracts.co.allenpress.com/pweb/esa2001/document/?ID=26157


Weir, E. H., and K. Gil-Weir. 2013. Historical whooping crane sighting database: habitat use and temporal – geographic distribution 
patterns in  Nebraska –  User Manual. Platte River Recovery Implementation Programs, Kearney – Nebraska.  

Gil-Weir, K. and E. H. Weir. 2012. Historical whooping crane sighting database: habitat use and temporal – geographic distribution 
patterns in  Nebraska. Platte River Recovery Implementation Programs, Kearney – Nebraska.  

Weir, E. H., and F. Chavez-Ramirez. 2011. Wet Meadow and Whooping Crane Information Review. Platte River Recovery 
Implementation Program. 54pp 

Weir, E. H., A. Urbina, K. Gil, C. Casler, R.  Buonocore,  G. Andrade,  D. Romero, L. García-Pinto,  C.Sangronis et al.  2006.  
Biodiversidad en el Ecosistema Manglar Los Olivitos y Áreas Adyacentes. Informe Final. FONACIT (Fondo Nacional de 
Investigaciones  Científicas y Tecnológicas). Caracas. Venezuela. 1000 pp. 

Weir, E. H., N.  Wilkins and K. Gil.  2005.  Spatial relations of aquatic bird species, irrigation system, water reservoirs and natural areas in 
the Lower Rio Grande Basin. Texas A & M University. Water Resource Institute. College Station, Texas USA. 

Weir, E. H., C. Casler, K. Gil, A. Urbina, R. Parra, F. Ferrer, and  J. Romero. 2004.  Avian and Fisheries Diversity in West Urdaneta Field.  
Lake Maracaibo. Final Report.  Shell Venezuela. 

Weir, E. H., K. Gil, C.Casler, R.  Buonocore,  G. Andrade,  D. Romero, L. García-Pinto,  C. Sangronis  et al.  2002.  Biodiversity in Los 
Olivitos Ecosystem and adjacent zones, Report 2: Population and trophic dynamic in crustaceans, fish,   birds   and   bats.   
FONACIT. Caracas. Venezuela. 333 pp. 

Weir, E. H. 2002. Diversidad de Aves en el Monte Espinoso Tropical Adyacente al Ecosistema de Los Olivitos, Municipio Miranda, 
Estado Zulia. Trabajo de Ascenso presentado como requisito para ascender a la categoría de Profesor Titular. Universidad del Zulia. 
Maracaibo, Venezuela. 80 pp. 

Weir, E. H., K. Gil, C.Casler, R.  Buonocore,  G.  Andrade,  D. Romero, L. García-Pinto,  C. Sangronis  et  al.  2001.  Biodiversity  in  Los  
Olivitos Ecosystem and adjacent zones, Report  1:  Distribution,  abundance,  species composition,  and  diversity  in  plankton, 
benthos,  commercial  crabs  and shrimps, fish, birds, mammals  and  reptiles  communities.  FONACIT.   Caracas. Venezuela. 251 pp. 

 

Workshops and Conferences: 

Efecto del cambio climático global en la expansión o regresión del rango geográfico de las especies de aves. Facultad de 
Medicina Veterinaria y Zootecnia, Universidad de Juárez del Estado de Durango, Durango, México, 2017. 

Efecto del cambio climático en la expansión o regresión en el rango geográfico de las especies. 2do. Congreso Multidisciplinario 
de Ciencias Aplicadas en Latinoamérica. Ciudad de Guatemala, Guatemala, 2014. 

Dinámica de biodiversidad en ecosistemas de humedales  y agro-ecosistemas en zonas tropicales y templadas, implicaciones 
para el manejo y conservación. 5to Congreso de Ingeniería en Tecnología. Universidad Politécnica de Durango. 2013 
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Task 1: Review the Gil and Weir (2017) critique of Nebraska Public Power District’s (NPPD’s) 
Whooping Crane Risk Assessment contained within the Draft R-Project HCP and offer an 
independent assessment of Gil and Weir’s conclusion that the analysis conducted by NPPD is 
inadequate and underestimates the potential harm to cranes. Specifically, offer an independent 
opinion on the conclusions reached by Gil and Weir as listed below: 

a) HCP risk assessment does not use the best available scientific data (e.g., telemetry data from 
the Whooping Crane Tracking Partnership). 

The HCP risk assessment completed by NPPD relied on the historic whooping crane sightings 
data compiled by the U.S. Fish and Wildlife Service (NPPD 2017).  The database is primarily 
composed of incidental observations of whooping cranes reported by the public that are verified 
by a professional biologist.  Only the first observation of an individual whooping crane, group, or 
family group at a specific site is recorded in the database, even if multiple sightings within the 
same general stopover area are observed.  The database includes observations from as early as 
1946, but most (~94%) of the 737 confirmed sightings in the database occurred after 1980.  
NPPD’s HCP risk assessment determined from the historic database that 27 whooping crane 
sightings occurred in the R-Project Study Area.  The data included 1 sighting from 1968, 2 from 
the 1970’s, 7 from the 1980’s, 7 from the 1990’s, 6 from the 2000’s, and 4 from 2011-2014 
(Refer to Table 3-1, page 51 in HCP).  These data can provide useful information that can assist 
with determining aspects of whooping crane ecology such as their migration chronology, the 
extent of their migration corridor, and habitat types that the birds use during migration.  
However, one of the issues with using these data to determine the extent of their occurrence in a 
region or the importance of a stopover site is that these data are incidental observations that are 
influenced by observer accessibility to an area and number of observers likely to be in an area 
(e.g., there is a much higher likelihood that a whooping crane will be observed in the central 
Platte River valley than in an isolated wetland in the remote Nebraska Sandhills).  This limitation 
of the data makes these data problematic when determining occurrence in an area because 
whooping cranes may rarely be observed in an area not because the area does not contain optimal 
habitat for whooping cranes, but because the area is not accessible for the public to encounter 
whooping cranes and be able to report sightings.  Additionally, using historic sighting data that 
were recorded 30-50 years ago can potentially be a problem due to land-use changes (e.g., 
conversion of a wetland to cropland, degradation of a wetland) that may have occurred over that 
time period and resulted in those sites no longer being useable sites for whooping cranes.  This is 
especially a problem when you are relating historic sightings to contemporary conditions.  To at 
least minimize the potential effects of land-use change, it is probably best to restrict use of the 
historic data to the 1990’s and more recent sightings (Belaire et al. 2013).   

From 2010 to 2014, the Whooping Crane Tracking Partnership marked 68 whooping cranes (35 
juvenile and 33 subadult/adult birds) with unique GPS transmitters on the wintering grounds at 
Aransas National Wildlife Refuge.  Transmitters were programmed to record 4-5 GPS locations 
daily at equal time intervals throughout a 24-hour period (Pearse et al. 2015).  Of those 68 
marked cranes, 51 provided location data in Nebraska during 2010 to 2016.  Of these, 32 cranes 
provided location data within the R-Project Area.  The unbiased nature, consistency, and 
accuracy of the data collection (once the raw data was quality controlled) and the capability of 



3 
 

GPS transmitters to collect data from remote locations make these data the best available 
scientific data, especially since the data set is not reliant on public observations.  Moreover, these 
data show whooping crane locations in the context of current land-use conditions.  Finally, these 
data can provide estimates on movement distances from stopover sites to foraging areas, number 
of times the whooping crane may cross the proposed power line route, habitat selection patterns, 
and length of time whooping cranes may stay at a stopover location.  These data combined with 
more recent historic whooping crane sightings data (1990s to present) provide a more 
comprehensive and accurate representation of whooping crane occurrences in the R-Project Area 
than relying on the historical data alone. 
 
b) NPPD did not validate the model used in their whooping crane collision risk assessment 
model; NPPD failed to test the model for the state of Nebraska. 
The collision risk assessment model used by NPPD in their HCP involves using two simple 
equations to determine probability of collision.  I note that NPPD’s use of the term probability is 
actually a misnomer because they are not calculating a true probability (i.e., likelihood that a 
collision will occur), but rather determining a rate of collision that they extrapolated over a larger 
spatial and temporal scale (Refer to page 6, Appendix C of HCP).  The two equations are: 

Crane mortalities per year/miles of power line = Probability of collision/mile/year 

Probability of collision/mile/year*miles of R-Project*Years in Service = Probability of 
collision during the life of the power line. 

NPPD provided the results from their calculations that ranged from a probability of 0.022 
[actually, the units should be collisions for the length of the proposed power line] for the R-
Project based on 34,000 miles of transmission lines in the whooping crane migration corridor to 
a probability of 0.22 for the R-Project based on 3,400 miles of transmission lines in the migration 
corridor.  Gil and Weir are correct that NPPD did not validate the model used in their whooping 
crane risk model.  However, I do not know how NPPD could actually validate this model since 
their model is not really a predictive model that can be compared to a subset of data to determine 
the goodness of fit.  A true model to determine likelihood of power line collisions by whooping 
cranes would need to include a host of parameters such as likelihood of whooping cranes 
occurring in an area, availability of whooping crane habitat within the area, proximity to the 
power line, bias estimates to account for missed carcasses, and a more accurate estimate of rate 
of power line collisions for whooping cranes.  I reference Shaw et al. (2010) as an example of a 
modeling approach to assess power line risk to cranes.  In this case, they used field collision data 
collected from a designed study to validate a GIS model used to assess power line risk to blue 
cranes (Anthropoides paradiseus) in South Africa.  Unfortunately, the type of data used by Shaw 
et al. (2010) to model the power line risk for blue cranes are not available for this situation.   

c) NPPD’s evaluation should be revised to include a more comprehensive spatial and biological 
(i.e., anatomy, migration ecology, behavior and physiology) assessment. 
Overall, NPPD’s mathematical equations used to assess risk oversimplifies the potential risk that 
the R-Project poses to migrating whooping cranes.  Gil and Weir noted some of the spatial (e.g., 
availability of whooping crane habitat, proximity of habitat to the power line, distance of 
foraging flights from stopover sites, frequency of crossing power lines during a stopover period) 
and biological (e.g., flight characteristics of whooping cranes, response to environmental 
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conditions, vision, age and sex, behavior response to disturbance) components that may allow for 
a more accurate estimation of collision risk.  I agree that some of these components should be 
considered and they may provide a more informed risk estimate, but some of these parameters 
are difficult to determine and can be highly variable within seasons and among years.  Risk 
infers a likelihood of a catastrophic event occurring.  In order to determine the likelihood of a 
catastrophic event (i.e., power line collision by whooping cranes), factors that may make 
whooping cranes more vulnerable to power line collisions as discussed by Gil and Weir above 
should be considered and included in an assessment if appropriate data are available.   

d) NPPD’s risk assessment underestimates the risk of whooping crane collision with high 
voltage transmission lines (in general). 
NPPD estimated the risk of whooping crane collisions with the R-project power line to be from 
0.022 to 0.22 over the 50-year service of the power line.  As stated above, NPPD used a rather 
simple mathematical equation to arrive at these estimates, which in itself could underestimate the 
risk of whooping crane collision with transmission lines.  Below, I specifically describe aspects 
of their risk assessment that could contribute to an underestimation of the risk of whooping 
cranes colliding with the R-Project transmission line.     

1) NPPD used the total number of transmission line miles for the entire migration corridor 
of whooping cranes within six states (Texas, Oklahoma, Kansas, Nebraska, South 
Dakota, and North Dakota).  NPPD assumes all of these transmission lines have an equal 
probability of collision, which is incorrect given that not all transmission lines are located 
near or over potential whooping crane habitat.  NPPD later recognizes that it is unlikely 
that all transmission lines pose the same level of risk to whooping cranes but do not 
appear to incorporate some kind of correction factor in their equations.  The major 
problem with estimating collision risk for whooping cranes in the Aransas-Wood Buffalo 
population is the fact that so few whooping cranes (9 confirmed mortalities and 1 
confirmed mortality from distribution and transmission lines, respectively) have been 
observed over the last 60+ years.  This aspect of estimating collision risk for whooping 
cranes certainly presents a challenge to obtaining a realistic and scientifically defendable 
estimate of collision mortality.  In addition, using an approach that assumes risk is equal 
among all miles of transmission lines is not justifiable.  At the very minimum, removal of 
sections of transmission lines that occur in habitats that clearly are not potential 
whooping crane habitat (e.g., woodlands, urbanized areas, shrublands, large reservoirs) 
during the GIS analysis would allow NPPD to base their estimate on transmission lines 
that occur within areas that whooping cranes potentially could use.  Moreover, this issue 
is also pertinent to the proposed 225 miles of new transmission line for the R-Project—
not all 225 miles provide suitable habitat for the species.  For example, several miles 
extend along highway 83 and across a choppy, dry dune-dominated landscape that would 
not be used by whooping cranes.  However, NPPD did not incorporate a correction factor 
to account for these kinds of areas in their equations.      

2) Past studies have suggested that 70 to 80% of whooping crane mortality may occur 
during migration (Lewis et al. 1992, Stehn and Haralson-Strobel 2014).  However, the 
limited number of confirmed mortalities and methodology used at Aransas National 
Wildlife Refuge to calculate annual mortalities (i.e., subtraction of the peak number of 
white-plumaged cranes in Texas in early winter from the previous year’s combined total 
of cranes migrating northward and surviving cranes spending the summer in Texas) 
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which cannot distinguish perceived mortality during migration from those that occur on 
the breeding grounds makes it difficult to provide an accurate estimate of whooping crane 
mortality during migration.  In contrast, NPPD used 17% as an estimate of mortality 
during migration based on the assumption that whooping crane mortality is proportional 
to the amount of time whooping cranes spend in each of the components of their annual 
cycle and assumes mortality is equal between juveniles, subadults, and adults during 
migration.  Based on the citation in NPPD’s HCP risk assessment, the 17% mortality rate 
during migration was attributed to a presentation by Dave Brandt (U.S. Geological 
Survey) at the 2014 North American Crane Workshop that summarized results from the 
satellite study as of 2014.  Furthermore, more recent data indicates that 85% of the 
confirmed mortality (i.e., 17 recovered cranes) of the satellite-marked whooping cranes 
occurred on the wintering and breeding grounds, which suggests 15% of the marked 
whooping crane mortalities occurred during migration (W. Harrell, USFWS, Wintering 
Whooping Crane Update for September 16, 2016; 
https://www.fws.gov/nwrs/threecolumn.aspx?id=2147594180).  The use of 17% as 
migration mortality versus 60-80% as reported by Stehn and Haralson-Strobel (2014) 
could have also contributed to an underestimation of whooping crane collision risk 
migration.  However, NPPD using the 17% value may be appropriate given the results 
from the satellite study.  Overall, we just do not have a good enough understanding of 
whooping crane mortality during migration, which hampers our ability to assess mortality 
risks during migration.      

3) Given the simple mathematical equations used by NPPD to calculate risk to power line 
collisions, it is also likely that exclusion of some of the spatial and biological components 
as mentioned by Gil and Weir and described above in Task 1c could contribute to an 
underestimation of risk. 

4) Finally, NPPD calculated the annual mortality from collisions with transmission lines as 
3.6% by dividing the 1 confirmed transmission line mortality over 60 years by the total 
confirmed mortalities during migration (28 mortalities) over the 60 years.  There are 
several issues with assuming that an aggregate percent mortality (3.6%) over 60 years 
equates to an annual estimate of mortality.  One of the issues is the low likelihood of the 
carcasses being found, which is made difficult by large, expansive, and remote areas that 
whooping cranes migrate through, and as such, the reported annual mortality percentages  
for various factors including transmission lines may likely be lower than the actual 
percentages lost to various mortality factors.  The fact that the dataset contains 491 
unaccounted cranes, which does not include juveniles, emphasizes the suspect nature of 
using these data beyond a means of documenting mortality factors and estimating total 
mortalities for whooping cranes.  Moreover, the large number of unaccounted cranes 
certainly suggests that more cranes could have died from power line collisions than have 
been documented.  Additionally, the aggregate percent does not represent a subsample of 
the Aransas-Wood Buffalo population that could be applied to the entire population and 
as such, any inference about annual mortality for whooping cranes based on the aggregate 
percent is misleading.  Again, the overall problem is that there are not good data on 
collision mortality and these data are limited in their applicability. 

e) NPPD underestimated the amount of crane habitat that would be affected by the R-Project 
(the HCP estimates 8,969 acres of suitable whooping crane habitat within 1 mile of the R-
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Project centerline would be affected, while Gil and Weir’s analysis suggests this underestimates 
the actual area used by radio-tracked and un-banded migrating cranes. Based on a 
determination of 15 whooping crane clusters in the R-Project area, their estimate is actually 9.4 
times this total or approximately 84,576 acres, based on their observation of 15 clusters. 
NPPD used a desktop whooping crane habitat assessment developed by The Watershed Institute 
(TWI 2012) to determine suitable whooping crane habitat within 1 mile of the proposed R-
Project power line.  This assessment focuses on potential wetland stopover sites that may be 
suitable for migrating whooping cranes, but does not include riverine habitats (e.g., North Loup 
River, Middle Loup River, Dismal River, South Loup River, and North and South Platte) that 
may provide roosting habitat for whooping cranes.  Following TWI’s (2012) methodology, 
NPPD used a 2-step screening process to determine amount of suitable wetlands within 1- mile 
of the proposed power line.  Initially, they eliminated unsuitable wetlands based on wetland size 
(all wetlands < 0.25 acres were eliminated), visibility obstruction (wetlands with visibility 
obstructions >4.6 ft in height within 328 ft were eliminated), and disturbance (buffers of varying 
widths were placed around different types of disturbance [e.g., gravel roads, paved roads, private 
road, urban dwelling, single dwelling, railroad, commercial development, recreational area, 
bridges] and wetlands within those buffers or portions of wetlands within the buffers were 
eliminated).  NPPD then assessed the remaining wetlands to determine habitat quality based on a 
rating of the quality of each of the following parameters:  Cowardin et al. (1979) water regime 
modifier, proximity to food, wetland size, wetland type (natural or created), and wetland density 
(TMI 2012). For example, wetland sizes received the following scores:  >7.0 acres = 5, 5.0 – 6.9 
acres = 4, 3.0 – 4.9 acres = 3, 1.0 – 2.9 acres = 2, and 0.25 – 1.0 acres = 1.  Based on the total 
habitat quality score (i.e., scores from each parameter are summed), wetland habitats with scores 
of 13-20 were considered suitable for whooping cranes.  From this analysis, NPPD determined 
that 8,969 acres of potentially suitable whooping crane stopover habitat occurred within 1- mile 
of the proposed R-Project power line.   

Gil and Weir’s assessment used a much broader approach to determine the amount of whooping 
crane habitat within the 1-mile buffer of the proposed power line.  They determined locations of 
clusters of whooping crane sightings (GPS locations, historic sightings, and sub-sightings from 
the historic sightings [additional observations on individual whooping crane sightings beyond the 
initial sighting recorded in the historic sighting dataset]) in the R-Project Study Area (i.e., 15 
clusters of sightings) and from 8 of those clusters, they determined the maximum average 
distance that whooping cranes traveled between wetland stopover sites and foraging sites. They 
then used the average maximum distance to create an 8.9 mi2 circle buffer around each cluster.  
Gil and Weir considered the entire habitat (wetland stopover site + surround landscape) within 
the 8.9 mi2 circle as whooping crane habitat.  Hence, they determined from the 15 clusters that 
there are 84,576 acres of whooping crane habitat within the R-Project Study Area.  However, 
only 8 of the 15 clusters were within the 1 mile buffer of the proposed power line (E. Weir, 
Ecosystem Advisors LP, personal communication), which means that Gil and Weir’s estimate of 
whooping crane habitat within the 1 mile buffer is actually 45,104 acres.  

Gil and Weir’s contention that NPPD underestimated the amount of whooping crane habitat 
within the 1-mile buffer is based on the considerable difference (8,969 acres vs. 45,104 acres 
[Note:  I used 45,104 acres since 8 clusters were restricted to the 1 mile buffer]) between the 
estimated acreage from NPPD’s approach versus the estimated acreage from Gil and Weir’s 
approach.  I do agree that NPPD underestimated the amount of whooping crane habitat 
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potentially impacted, but Gil and Weir also greatly overestimated the amount of whooping crane 
habitat impacted by the R-Project.  With respect to NPPD’s approach, I think their initial 
elimination of certain wetlands (except those <0.25 acres; see comment Task 1f for an 
explanation) as unsuitable is appropriate based on our understanding of whooping crane response 
to disturbance and visual obstruction (Howe 1987, Urbanek and Lewis 2015).  However, I do not 
agree with eliminating some of the remainder wetlands in the next step of their habitat suitability 
analysis.  In fact, all of those wetlands have the potential for whooping crane use and as such, 
they should be considered suitable whooping crane habitat.  My specific reasons for not 
eliminating wetlands following their initial step of the habitat suitability assessment are: 

1) Our understanding of the hierarchical habitat selection used by whooping cranes (as 
well as most migratory birds) to select a stopover site is limited.  Consequently, it can 
be quite difficult to assess suitability of habitat for wildlife species.  In fact, this is one 
of the major problems for Habitat Suitability Models.  For example, in NPPD’s 
assessment of whooping crane habitat quality, how do we know that a 3- acre, 
seasonally flooded natural wetland that is 0.5- mile from a food source surrounded by 
three larger, seasonally flooded wetlands within a quarter section is suitable or 
unsuitable habitat for whooping cranes?  Based on the scoring from NPPD’s habitat 
suitability model, the wetland would be considered not suitable because it had a score 
of 10.  However, there is no reason this wetland would be unsuitable for whooping 
cranes except that the score was not >12. There are several flaws with the model and I 
highlight a few that result in an underestimation of suitable wetlands for whooping 
cranes.  First, during wet years and during times in spring migration when the ground 
is frozen and water is ponded, seasonal wetlands (and intermittent/temporarily 
flooded wetlands) may be very abundant on the landscape and provide considerable 
aquatic invertebrate food sources (likely higher amounts than permanent wetlands 
that may contain fish), yet they are scored low.  Second, the model states that 
Armbruster (1990) found food sources within 0.93-mile from roosting sites provided 
optimal conditions, yet, is food resources within or adjacent to cropland really 2.5 
times better than food resources 0.62-mile away?  Finally, only wetlands within a 
complex of five or more wetlands within a quarter section are considered important to 
whooping cranes.  It is not clear why a factor of five wetlands was chosen, but 1, 2, or 
3 large wetlands may actually provide more wetland habitat than the 5 wetlands and 
in fact, whooping cranes may key in on those wetlands.  What about the types of 
wetlands surrounding the wetland?   

2) The habitat suitability model has not been validated with actual whooping crane site 
data to determine effectiveness of the model.  WMI tested the model using 499 NWI 
wetland features at Quivera National Wildlife Refuge (NWR) in Kansas and 
accumulated scores that ranged from 8 – 17.  However, they did not relate their scores 
to presence and absence data of whooping cranes.  Additionally, Quivera NWR is 
essentially one large wetland complex which creates problems because of overlapping 
areas and the fact that it is one stopover site used by whooping cranes.  Furthermore, 
the model has not been tested on known whooping crane wetland stopover sites in 
Nebraska which are different in terms of size, frequency of inundation, occurrence on 
the landscape, and feeding and roosting habitats from that know at Quivera NWR.  



8 
 

3) The “quality” of stopover wetlands may change throughout the years (e.g., some 
wetlands may be more preferred during dry years while others may be more preferred 
during wet years).  Moreover, wetlands that are groundwater-fed such as some of the 
sandhills wetlands may be more reliable and hence be considered good quality from 
the temporal aspect.  The model does not take this temporal aspect into consideration.  
Consequently, we really cannot eliminate any of the suitable wetlands (based on low 
scores) because their “quality” can be highly variable within seasons and among years 
and their potential use by whooping cranes would be highly variable. 

Additionally, NPPD appears to have excluded riverine wetlands, which are commonly used by 
whooping cranes, from their estimate of the amount of whooping crane habitat with the 1-mile 
buffer.  This omission also contributes to their underestimation of whooping crane habitat. 

f) Assumptions used by NPPD regarding the size of wetlands used by whooping cranes are 
flawed (i.e., wetlands smaller than 0.25 acres do not provide habitat for cranes). 
Whooping cranes have been shown to use small wetlands (<0.4 ha [<1 acre]; Austin and Richert 
2005) for stopover sites during migration.  In fact, Armbruster (1990) noted that wetlands >0.04 
ha (~0.10 acres), which includes wetlands smaller than 0.25 acres, have a potential value as a 
stopover site.  Interestingly, Armbruster (1990) stated that the minimum area for whooping crane 
wetland stopover sites for the roosting suitability index was a function of the minimum mapping 
unit that was used for National Wetland Inventory wetlands, which further suggests that wetlands 
<0.04 ha have potential value as stopover sites.  We examined the historic sightings data and 
GPS whooping locations for the entire Nebraska dataset and found that 5 sightings from the 
historic data and 29 locations from the GPS data occurred in wetlands <0.25 acres (NOTE:  we 
used NWI data layer and only considered multiple GPS locations from the same location as one 
location).  Additionally, 3 of the historic sightings and 5 of the GPS locations occurred in 
wetlands < 0.25 acres in the 1-mile buffer around the proposed power line.  Consequently, I 
disagree with NPPD’s assumption that wetlands smaller than 0.25 acres do not provide stopover 
habitat for whooping cranes. 

g) NPPD has skewed the results of their analysis by using all 34,000 miles of Nebraska 
transmission lines in the risk assessment calculation. 
As I stated in Task 1d, NPPD likely underestimated whooping crane risk to power line collisions 
by using all 34,268 miles of transmission lines that occur within the entire migration corridor of 
whooping cranes across six states (Texas, Oklahoma, Kansas, Nebraska, South Dakota, and 
North Dakota).  By using all the miles of transmission lines, NPPD assumed that each mile of 
transmission line has an equal probability of collision for whooping cranes, which is incorrect 
given that not all transmission lines are located near or over whooping crane habitat.  This 
approach skews their results lower because their total number of transmission line miles includes 
transmission lines that bisect habitats that are clearly not whooping crane habitat (e.g., 
woodlands, urbanized areas, shrublands, large reservoirs, etc.).  Additionally, this same issue 
occurs with estimating risk for the proposed 225-mile R-Project transmission because the entire 
length of the transmission line is included in their analysis when some portions of the line do not 
provide habitat (e.g., Highway 83, choppy dune landscapes).   

h) NPPD needs to develop a more reasonable method for avoiding cranes during construction; 
surveying and monitoring protocol as proposed are insufficient. 
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Nebraska Game and Parks Commission (NGPC) and U.S. Fish and Wildlife Service (USFWS) 
developed a whooping crane survey protocol to ensure minimum disturbance to whooping cranes 
during construction projects (Appendix B in the HCP).  Specifically, NGPC’s and USFWS’s 
survey protocol states that whooping crane surveys will be conducted such that all areas within 
0.5 miles of work areas can be seen and that surveys will be conducted within 1- hour prior to the 
beginning of the workday with at least 1 survey completed no later than 10 am.  Additionally, the 
protocol states that surveys can be conducted from the ground or by either fixed-winged aircraft 
or helicopters as long as the aerial surveys are conducted at altitudes >750 feet.  NPPD stated 
that their surveying and monitoring protocol for whooping cranes (p. 73 in the HCP and p. 12 in 
Appendix E of the HCP) in the R-Project construction area will be based on the NGPC and 
USFWS protocol.  In general, NPPD follows the NGPC and USFWS protocol (e.g., conduct 
surveys within 0.5 miles of construction area), but the details of their survey protocol are not 
clearly described.  For example, it is not clear if NPPD will be using ground surveys and if so, 
how the ground surveys will be conducted.  Additionally, NPPD indicates that helicopter surveys 
will be used but again it is not clear how the surveys will be conducted.  The NGPC and USFWS 
protocol explicitly states that aerial surveys must be conducted at altitudes >750 feet, but NPPD 
does not state what altitudes they would be conducting surveys, except that if helicopters are 
available for surveys that they will be flown at higher altitudes than construction efforts.  
NPPD’s current description of their whooping crane survey and monitoring protocol is 
insufficient, but if they follow the NGPC and USFWS survey protocol and provide a more 
thorough description of their survey and monitoring protocol, their protocol is reasonable and 
sufficient to ensure disturbances to whooping cranes are minimized during construction of the R-
Project power line.   
i) Proposed construction buffers are insufficient to prevent harm to whooping cranes. 
It is recognized that whooping cranes are intolerant to human disturbances, but the level and type 
of disturbances that potentially impact whooping cranes and the distance at which whooping 
cranes will respond to a disturbance are not well documented in the literature.  For example, 
Howe (1989) reported that radio-marked migrating whooping cranes occurred on average 0.5 km 
(0.31 miles) and 1.3 km (0.81 miles) from roads and human dwellings, respectively.  
Furthermore, Howe (1989) noted that most whooping cranes tolerated moving vehicles at 
distances of <100 m, but that family groups may flush at farther distances from vehicles (200 – 
400 m).  On the wintering grounds, Mabie et al. (1989) indicated that whooping cranes tolerated 
staged recreation activities up to an average distance of 353 m, 177 m, and 530 m for airboat-
hunter, airboat, and outboard-hunter, respectively.  Lewis and Slack (1992) reported that 
wintering whooping cranes reacted most strongly to disturbances (e.g., helicopters, airboats, tour 
boats) when the activity occurred <1,000 m away.  Currently, the established protocol of the 
USFWS for minimizing disturbance effects on whooping cranes is to maintain any human 
activities at a distance of no less than 0.5 miles from whooping cranes.  There is certainly a lack 
of data quantifying the impacts of human disturbances on whooping cranes.  However, based on 
the data that is available, I do not think a 0.5-mile buffer is insufficient to prevent harm to 
whooping cranes.  Nevertheless, I will also add this caveat that NPPD should be willing to 
enlarge the buffer if observations of whooping cranes indicate a negative response to 
construction activities at the 0.5-mile buffer or farther away from the construction activity.  

j) Any model used by NPPD should be compared with other crane collision models, reviewed, 
re-parameterized and validated with data from other areas of Nebraska or similar habitats 
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As described in Tasks 1b and 1d, NPPD used a rather simplistic collision model to estimate the 
potential risk of power lines to whooping cranes that in its current form could not actually be 
validated.  However, I do agree that any future models that NPPD develops that are more 
predictive in nature must be reviewed and validated with existing data and possibly re-
parameterized as more data and additional models become available.  Shaw et al. (2010) and 
Loss et al. (2014) provide examples of some approaches (e.g., field validation study, sensitivity 
analysis) that can be used to validate models that possibly could be incorporated into future 
collision models developed by NPPD.  That said, there is still the major problem of having 
sparse power line collision data on migrating whooping cranes throughout the flyway that adds 
greatly to the uncertainty of any results generated by these models.     
Task 2: Review the model parameters, model assumptions developed by Gil and Weir (2017) in 
their risk assessment model, including general issues related to model use as listed below and 
provide an independent opinion. 

Gil and Weir modified equations from Loss et al. (2014) to estimate mortality collision 
probability.  Loss et al. (2014) used the following equations to develop their model that 
estimated bird collision and electrocution mortality for U.S. power lines based on data extracted 
from 32 studies in the scientific literature: 

Mortalitycollision (MC) = L * Kcollision* Ycollision* Bcollision 

 Moralityelectrocution (ME) = N * Kelectrocution* Yelectrocution* Belectrocution 

 MortalityTotal = MC + ME 

where L is the length of transmission line corridors in the U.S.; K is the annual mortality rate per 
km of power line (collision) or per power pole (electrocution); Y is a correction factor that 
accounts for mortality occurring during portions of the year not cover by sampling in partial-year 
studies; B is a correction factor that accounts for the biases associated with underestimation due 
to scavenger removal, underestimation due to searchers being unable to locate carcasses, 
underestimation due to a proportion of the birds being crippled by the power line and traveling 
from the survey area, and underestimation due to carcasses not being located because survey area 
contained too dense vegetation, inaccessible terrain, and logistically challenging accessibility; 
and N is the number of distribution poles in the U.S.   

Gil and Weir modified Loss et al.’s (2017) Mortalitycollision equation as follows: 

 Mortalitycollision probability (MCP) = L * Kcollision * TCL * GPi 

 Kcollision (KC) = mean direct power line collisions dead per year/APL 

 GPi = Nti/N0 

where  L is the total length of power lines in the R-Project area that are within whooping crane 
stopover habitat use areas, KC is the annual average whooping crane mortality rate per mile of 
power line collisions, M is proportion of migration time in R-Project area, APL is the average 
miles of power lines located within a whooping crane stopover habitat use area, TCL is the 
number of times that whooping cranes cross power lines during migration, and GPi is a growth 
population index that accounts for whooping crane population growth following a logistic 
growth pattern. 

a) Spatial, Biological and Technical Model Parameters 
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Gil and Weir included 5 parameters (spatial, whooping crane daily movement, number of days 
whooping cranes spend at a stopover site, group size of whooping cranes at a stopover site, and 
frequency of whooping cranes crossing a power line during a stopover event) in their model.  
Below, I describe each parameter and assess appropriateness, usefulness, and issues with each 
parameter.   

The spatial parameter used for this model assumes that habitat use by whooping cranes equals 
the polygon size covering the area of habitat used by each individual crane during daily activities 
at stopover sites.  In this description, it is not completely clear to me what polygons are being 
referenced, but Gil and Weir created circular polygons (3.35-mile diameter) around 15 clusters 
centered on wetland stopover sites that were considered high use areas by whooping cranes.  For 
this parameter, Gil and Weir assumed that all habitat is useable by whooping cranes, which is is 
likely not the case (i.e., other non-whooping crane habitats such as woodlands, shrublands, dry 
dune areas, roads, ponds, etc. also may occur within the polygon).  It is not clear how much of an 
impact inclusion of non-whooping crane habitats in the spatial parameter had on their results 
given that some of these components may account for a small amount of habitat, but it should at 
least be recognized in the description.  That said, spatial parameters in collision risk models are 
appropriate and necessary as they can include the spatial context of the likelihood of a collision 
with a power line relative to all power lines encountered by a bird species, especially if such data 
are available.  An example of using spatial parameters in such a manner is represented in the GIS 
model tested by Shaw et al. (2010) for the risk of power line collisions by blue cranes in which 
they incorporated land-use characteristics, land features, and other spatial data.  In this study, 
they also had the advantage of relating these spatial parameters to actual carcass and live blue 
crane occurrences. Gil and Weir used a daily behavior parameter that included the frequency of 
power line crossings by whooping cranes during their daily activities (i.e., movement from 
stopover site to foraging area).  This parameter can be an informative parameter that can allow 
for a determination of the likelihood of a whooping crane collision if a power line is located 
between stopover and feed sites where short, low level flights would occur or if the power line 
crosses or is in close proximity to stopover and feeding habitats.    It assumes that as the 
frequency of power line crossings increases, the likelihood of a whooping crane colliding with a 
power line also increases, however, the case can also be made for long-lived species in which 
learning migration routes and avoidance of structures that increased exposure could reinforce 
avoidance through learning.  Gil and Weir determined that on average whooping cranes at 
stopover sites in close proximity to a power line would cross the power line 2.15 times during its 
stopover, which seems reasonable given that cranes will likely be engaged in foraging flights 
from the stopover site.  This calculation was based on movement patterns of whooping cranes 
marked with GPS transmitters.   

The number of days whooping cranes spend at a stopover site is a parameter that can 
facilitate determining the likelihood of whooping cranes colliding with a power line.  However, 
this parameter can be highly variable depending on weather conditions, body condition of the 
whooping crane, availability of food resources, and other factors that may influence the amount 
of time a whooping crane stays at a stopover site.  In this case, it is assumed that the longer 
amount of time whooping cranes stay at a stopover site near a power line, the greater the  
likelihood that whooping cranes will collide with a power line, but again, it could also reinforce 
the learned behavior to avoid power lines as described above.  It is not clear how this parameter 
is represented in the model, but the parameter M is described as the proportion of migration time 
in R-Project area, which seems to describe this parameter.  Gil and Weir listed the estimated 
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value for this parameter as 1.34, which is clearly not a proportion (i.e., it should be 0.0134).  In 
personal communication with Dr. Weir, he stated that the description was a mistake and actually, 
this parameter describes the average number of times a whooping crane could potentially migrate 
through the R-Project Area annually.  I further asked him how it was calculated and he stated 
that it was quite complex and he could not describe the approach used during our phone 
conversation.  It is not clear what this parameter represents because if it represents average 
number of times a whooping crane migrates through the R-Project Area, it would be much closer 
to 2.0 (e.g., 1.90) since the average apparent survival rate for whooping cranes for the last 30 
years has been 94.8% (Stehn and Haralson-Strobel 2014).  So, I am not sure how to interpret this 
parameter in the context of their model because if I interpret M as a proportion following Gil and 
Weir’s description, then their mortality estimates are considerable lower because of a simple 
mathematical error of using 1.34 instead of 0.0134 or if I use the value as 1.34, it does not seem 
to be a correct representation of how many times the whooping crane population may migrate 
through the R-Project Area.   

The group size parameter assumes each individual has a probability of a power line collision and 
that individuals occurring in large groups will have a higher probability of colliding with a power 
line than individuals occurring in small groups.  This parameter was not included in their risk 
assessment model, but it appears that this parameter was the basis/justification for their use of 
clusters of whooping cranes that were used in their estimation of habitat use areas.  I do not 
disagree with the logic of this parameter, but it is not clear how this parameter can be used in the 
context of the GPS locations since there is really no way to determine if the GPS-marked cranes 
were occurring in groups at each location. 

b) Model Assumptions 

Gil and Weir applied the following assumptions to their model:   

1) Whooping cranes have shown site fidelity as observed from USFWS historical 
data and telemetry project records. 
I do not disagree with the assumption that whooping cranes exhibit site fidelity for 
stopover sites during their migration (especially for sites that contain habitat on a 
consistent basis such as rivers and large wetland complexes), but it is not clear how 
persistent their site fidelity may be during migration.  A literature review found limited 
information and only speculative statements about whooping crane site fidelity during 
migration (Johnson and Temple 1980, Howe 1989, Armbruster 1990).  Gil and Weir 
indicated that this assumption is based on the historic sighting data and GPS telemetry 
locations.  I examined both data sets to determine how common site fidelity for stopover 
sites by whooping cranes is during migration.  I restricted the data set to only Nebraska 
locations.  For the historic sighting data, I examined records for uniquely marked cranes 
(i.e., color band/USFWS band) that had been observed multiple times.  Of the 19 marked 
cranes that had multiple observations during spring and fall migration and/or over >1 
year, only 2 of the birds occurred on the same stopover site (one on a wetland in Custer 
county during 2 different years and one on the Platte River near the Wood River bridge; 
these comparisons were based on latitude and longitude coordinates and the description 
of the site).  In examining the GPS data, I found 2 locations that occurred at the same site.  
Now, these results do not mean that whooping cranes do not exhibit site fidelity, but 
rather that during migration site fidelity is likely a function of habitat availability.  Given 
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that wetlands in the Great Plains are so spatially and temporally dynamic, migrant 
waterbirds (e.g., shorebirds) that rely on wetlands as stopover sites must be flexible in 
their habitat selection during migration (Albanese et al. 2012).  Whooping cranes likely 
adopt a similar strategy for dealing with the shifting mosaic of wetlands on the landscape.   

2) Whooping cranes may use up to five stopover sites during the spring or fall 
migrations. 
This assumption is reasonable given that Kuyt (1992) found that the average daily flight 
distance of migrating whooping cranes is 450 miles.  However, other factors such as age 
and experience of the cranes, flight conditions, habitat conditions, and weather will 
influence the number of stopover sites whooping cranes may use during migration.  The 
GPS data of whooping cranes could also be used to further provide insight on the number 
of stopover sites that whooping cranes rely on during migration. 

3) Family groups have shown that they migrate together (up to four generations in a 
flock) and often stop in the same stopover habitat locations during migration. 
Whooping cranes migrate as family groups composed of parents and juveniles (Urbanek 
and Lewis 2015), but I am unaware of groups composed of up to four generations 
migrating together and there is no mention of this phenomena in the literature.  Gil and 
Weir suggest that observations of flocks of as many 21 individuals arriving at the same 
wetland could indicate that all the birds are related and that using the wetland is an 
inherited tradition, but this statement is highly speculative and is not supported by any 
peer-reviewed literature.   

4) The movement patterns of whooping cranes are limited to wetland areas and 
adjacent feeding areas. 
I agree that the movement patterns of migrating whooping cranes are limited to traveling 
between the stopover site (e.g., river, wetland, or lake stopover site) and adjacent feeding 
areas.  During migration, whooping cranes rely on stopover sites and adjacent foraging 
areas to replenish depleted energy and nutrient reserves so it is highly likely that the 
cranes will be limiting their movements between these areas to conserve energy.  
However, other factors such as disturbances, weather conditions, and food availability 
around a stopover site may influence their movement patterns.   

c) Is the approach used by Gil and Weir to estimate whooping crane mortality during migration 
based on the best available science? 
As stated above, I do have concerns about some aspects of Gil and Weir’s approach.  However, 
they have attempted to base their approach on the best available science.  In particular, they used 
the whooping crane GPS location data which provides the best unbiased dataset of migrant 
whooping crane locations for the Aransas-Wood Buffalo population.  The historic sighting data 
provides useful information but is biased by the nature of how the data are collected (i.e., 
incidental observations by the public that may or may not be reported).  Additionally, Gil and 
Weir rely on the long-term census and mortality data compiled by the U.S. Fish and Wildlife 
Service and Canadian Wildlife Service (Stehn and Haralson-Strobel 2014).  These data also have 
issues such as a limited number of confirmed mortalities (50 total mortalities, 9 distribution line 
mortalities, and 1 transmission line mortality) over 60 years, unknown juvenile mortalities during 
migration, and a large number of whooping cranes (491) that disappeared and were assumed to 
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have died but their fate was unknown.  Finally, Gil and Weir did rely on some unsubstantiated 
claims (see above about site fidelity) that are not based on peer-reviewed literature.  However, I 
would say that for the most part Gil and Weir did rely on the best available science. 

d)  Gil and Weir estimated bird collision and mortality risk based on the miles of power lines 
that cranes would cross, or are near to, wetland habitat historically used by cranes during 
spring and fall migration close to the R-Project. They used a modified equation from Loss et al. 
(2014), which they state allows them to calculate the probability of power line collision mortality 
for cranes crossing power lines several times during two seasons of the annual migratory cycle: 
Is use of this equation reasonable and appropriate?   
The equation developed by Loss et al. (2014) was used to quantify the annual bird mortality of 
power lines for the entire U.S., which could be modified to quantify collision mortality at 
different scales.  Gil and Weir modified the equation to include specific parameters that represent 
both spatial and biological aspects unique to whooping crane migration (i.e., frequency of 
crossings, proportion of migration time) and biology (i.e., projected population growth) and 
unique to the R-Project (i.e., average miles of power lines located within whooping crane habitat, 
total length of the R-Project power line).  In general, incorporation of spatial and biological 
parameters specific to a project is a reasonable and appropriate approach to estimate mortality 
caused by power line collisions (see Shaw et al. [2010] for an example of such an approach), but 
I do question the validity and logic of some of these above parameters that Gil and Weir use in 
their model.  Additionally, the calculations used to ultimately arrive at their parameter estimates 
appeared to be incorrect or flawed and often times, provide estimates that are not biologically 
relevant and misleading.  I discuss my concerns for Gil and Weir’s approach below: 

1) Gil and Weir state that their model calculates probability of collision mortality for 
migrating whooping cranes through the R-Project area.  In fact, Gil and Weir did not 
calculate probability of collision mortality (i.e., the likelihood of whooping cranes 
colliding with the R-Project power line), but rather they calculated number of whooping 
cranes that would be killed by the R-Project power line given their parameters and 
assumptions.   

2) Gil and Weir’s estimate of the annual collision mortality rate in the R-Project area 
(0.0041) is an overestimation.  To calculate this rate, Gil and Weir first estimated the 
mean number of direct power line collision mortalities per year.  Gil and Weir arrived at 
their estimate through a series of calculations that first begins with using only data from 
132 color-banded individuals from 1977 – 2007.  From the 101 mortalities of the 132 
color-banded individuals, Gil and Weir estimated that 42% of the mortality occurred 
during migration following the same method used by Stehn and Haralson-Strobel (2014) 
that assumed that color-banded individuals that disappeared were assumed to have died.  
Gil and Weir suggested that these data are more expansive than the Stehn and Haralson-
Strobel (2014) data set, but in fact, because all marked and unmarked whooping cranes 
were surveyed, color-banded whooping cranes were also included in the Stehn and 
Haralson-Strobel (2014) data set.  From these data, Gil and Weir calculated that ~0.73 
whooping cranes/day (0.42*101/57 days migrating) could die during migration.  This 
approach does not appear to consider that their estimate of annual mortality is based on 
101 potential mortalities (I say potential because we only know that these birds 
disappeared) that occurred over a 27 year period.  The major issue with this approach 
(which is also a problem with using the 20% collision mortality from the 50 confirmed 
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mortalities) is that this is not a reflection of annual mortality and cannot be extrapolated 
to annual mortality.  This mortality is an accumulation of mortalities over 27 years.  
Furthermore, based on Gil and Weir’s estimate of 0.73 crane deaths/day, we would 
expect annual mortality to be 42 whooping cranes during migration (0.73 crane 
deaths/day * 57 days migrating).  Furthermore, we would expect 31 whooping crane 
deaths to occur during the winter period (0.2 crane deaths/day * 155 days) and 28 
whooping crane to occur during the breeding period (0.18 crane deaths/day * 153 days) 
for a total annual mortality of 101 whooping cranes.  Clearly, the circular nature of this 
exercise in which we begin with 101 mortalities over a 27 year period and end with 101 
mortalities on an annual basis is flawed and misleading.  Furthermore, to highlight what 
appears to be a flaw of this approach, the highest estimated annual mortality for 
whooping cranes from 1950 – 2010 was 34 (excluding migrating juveniles) in 2007.  Gil 
and Weir further stated that they were able to more accurately calculate the percentage of 
documented individuals that collided with power lines, which was 23% of 101 confirmed 
deaths, from the color-banded whooping crane data set.  This is very misleading because 
the 101 mortalities of color-banded whooping cranes were not confirmed to be cause-
specific mortalities.  In fact, in Gil and Weir’s Table 2, they noted that the documented 
mortality was determined based on “last seen”.  Any of the color-banded whooping crane 
mortalities would have been included in the 50 confirmed mortalities listed in Stehn and 
Haralson-Strobel (2014).  Consequently, it is unclear how Gil and Weir arrived at a 23% 
(i.e., 23 cranes) from the color-banded whooping crane data set, especially since 7 cranes 
were documented as power line mortalities from 1997 – 2007 (Stehn and Haralson-
Strobel 2014).  Gil and Weir further used the Stehn and Haralson-Strobel (2014) data set 
to estimate the historic number of whooping crane mortalities due to power lines by 
interpolating the percent of confirmed mortalities (10 confirmed power line mortalities/49 
confirmed total deaths = 20.4% [not sure why they used 49 instead of the reported 50 
mortality value]) from the estimated total number of whooping crane mortalities (546 
mortalities) to arrive at an estimate of 111 whooping crane mortalities for power line 
collisions from 1950 – 2014.  They then further used the estimate for total mortalities 
from power line collisions to obtain an annual collision mortality rate of 1.88 cranes/year 
(111 collision mortalities/59 years).  As I explained earlier, there are serious issues with 
applying a cumulative percent over 59 years to annual mortality; it is unclear and does 
not reflect the annual rate of mortality.  Gil and Weir then state they estimate that 10% of 
the annual mortality from power lines occurs in the Sandhills Ecoregion of Nebraska (I 
assume they estimated this value to be 0.188 cranes/year) to further refine their estimate 
for collision mortality from Stehn and Haralson-Strobel (2014).  It is not clear how Gil 
and Weir arrived at the 10% estimate for collision mortality in the Sandhills Ecoregion, 
as they did not provide any supporting materials or justification.   Through all these 
different calculations, it is unclear to me what value Gil and Weir used as the mean 
power line collisions per year.  I back-calculated their equation for KCollision and the value 
would be 0.014 (0.0041 =  x for mean annual power line mortality/3.35 miles), but using 
either the calculation for annual mortality from the Stehn and Haralson-Strobel (2014) or 
the color-banded whooping crane data set provided estimates of 1.88 collisions/year and 
0.85 collisions/year, respectively.  So, I am perplexed how they arrived at an annual 
mortality rate of 0.014 to calculate KCollision. 
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3) Based on the description provided by Gil and Weir, they used the average maximum 
distance that whooping cranes traveled from the 8 clusters of high whooping crane 
occurrences (3.35 miles), which is a straight-line vector from the edge of the cluster, as 
the average miles of power lines located within a whooping crane stopover habitat.  To 
truly estimate the average miles of power lines within a whooping crane stopover habitat, 
Gil and Weir should have determined the length of power line that actually bisects each 
habitat circle and then calculated the average distance.  Below, I provide an example of 2 
scenarios in which the length of the power line bisecting the habitat use area will be quite 
different depending on the location of the habitat use area (Figure 1).   

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  An example of how the location of the power line can influence the length of 
power line miles impacting the 3.35 mile diameter whooping crane habitat use areas used 
by Gil and Weir to determine average miles located within whooping crane stopover 
habitat.   

 

Furthermore, by using such a small length of power line (3.35 mile) to initially determine 
a rate for collision mortality, the annual morality rate per mile of power line will be 
inflated because of the small denominator.  I realize Gil and Weir used this approach to 
better reflect areas where whooping cranes may have a higher likelihood of colliding with 
power lines, but without including areas with possibly a lower likelihood of collision, Gil 
and Weir are not truly determining average annual collision mortality per miles of power 
line in the R-Project area.  Inclusion of this information would allow for a more accurate 
estimate for the rate of collision mortality.  

4)  As I mentioned above in Task 2a, I am not sure how to interpret the M parameter 
representing the proportion of migration time in the R-Project area.  If the correct value 
of this parameter is not as reported in Table 4, then the risk assessment by Gil and Weir 
could be significantly lower than they reported.  This certainly is a concern because it 
may call into question Gil and Weir’s estimates of whooping crane collision mortalities 
for the R-Project area. 

Power Line 

Cluster of Location Points at a 
Wetland Stopover Site 
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e) Does the projected growth of the whooping crane population from 2016 to 2067 seem 
reasonable? 
Gil and Weir used the logistic growth model, which is a density-dependent model, to estimate 
the projected population growth of the Aransas-Wood Buffalo flock from 2016 – 2067.  The key 
components of this model that drive population growth are r, the instantaneous rate of increase, 
and K, the carrying capacity for the population.  Gil and Weir held r at a constant rate of 0.038, 
which is the average rate of increase over the last 60 years for whooping cranes.  I understand the 
reasoning with using 0.038 as actually modeling future population growth for whooping cranes 
would require a significant effort using various simulation scenarios.  However, in reality, the 
value of r for the Aransas-Wood Buffalo flock fluctuated from negative values to positive values 
during the last 60 years, and we would expect similar fluctuations occurring in the future (Butler 
et al. 2013).  That said, I do not have any major problems with using the logistic growth model to 
provide a “ballpark” estimate of future whooping crane populations.  But, I will add the caveat 
that Butler et al. (2013) found no evidence for density dependence in their population models up 
to 2040, which suggests that Gil and Weir’s population estimates may actually be an 
underestimation of the potential growth of this population as they are assuming density-
dependence limitations on the population from 2016 – 2067.  Furthermore, Butler et al. (2013) 
suggested that the presumed carrying capacity of 576 or 1156 proposed by Stehn and Prieto 
(2010) and used by Gil and Weir may be lower than the actual carrying capacity because of 
potential inaccurate estimates of whooping crane territory sizes on the wintering grounds.  
Metzger et al. (2014) estimated the current carrying capacity for wintering cranes to be 2,638 
cranes for the wintering grounds, which if used by Gil and Weir would have increased their 
population estimates.  Butler et al. (2013) and Wilson et al. (2016) also suggested that as the 
Aransas-Wood Buffalo population grows, whooping cranes might actually expand their 
wintering range beyond the area Metzger et al. (2014) assessed to determine carrying capacity.  
The expanding wintering range by whooping cranes may further slow the effect of density-
dependent factors as the population approaches carrying capacity (i.e., population growth may 
not be as limited by density-dependent factors).  Modeling future risk to power line collisions 
should consider the higher projected population levels.       

f) Has the Ecosystem Risk Model used by Gil and Weir been sufficiently validated? 

Gil and Weir stated their risk model was validated with data from Canadian Wildlife Service, 
U.S. Fish and Wildlife Service (historic mortality data), Stehn and Haralson-Strobel (2014), and 
Gil de Weir (2006).  Generally, models are validated with data that have not been used to 
develop the model, but in this case, I am not sure that it is an issue.  In the section on validation 
of the model, it is unclear how Gil and Weir actually validated their model.  They appeared to 
have used the historic mortality data from 1977 – 2009, which they multiplied by 0.25 for the 
annual collision mortality rate, to calculate a separate KCollision for each year.  They then used that 
value along with the population size for each year to provide a mortality estimate for each year 
from which they compared those values to the actual confirmed power line mortalities during 
that period (7 total with 1 mortality occurred during 7 different years) to validate their model (I 
think).  Their estimates for power line mortalities ranged from 0.19 to 3.37 within each year and 
the total number of mortalities were estimated to be nearly 40 for that period.  So, their 
validation seemed to overestimate the number mortalities.  This validation exercise further shows 
the prevalent issue of estimating the risk of whooping crane power line collisions—there are too 
few documented collisions and too much uncertainty to produce reliable and realistic estimates.   
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Task 3: Review the whooping crane telemetry data provide by USFWS to determine whether the 
conclusions reached by Gil and Weir in their analysis of these data are reasonable and valid. 

a) Based on their analysis of the telemetry data, Gil and Weir documented a total of 1,344 
sightings and sub-sightings of whooping cranes within the R-Project region (see Figures 1 and 2 
of the Gil and Weir report) during the period from 2010–2015. Does this count seem reasonable 
when compared with the USFWS historical data indicating 89 sightings between 1968 and 
2017?   

We conducted an analysis of the GPS locations, historic sightings, and subsightings data and 
determined that 424 GPS locations, 31 historic sightings, and 17 subsightings occurred in the R-
Project study area (Figure 2).  The discrepancy between our analysis and Gil and Weir’s analysis 
appears to be because Gil and Weir included all the sightings, as indicated by red dots, in their  
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Figure 2.  Otherwise, I do not know how they documented 1,344 sightings within the R-Project 
area.  We did clip the area shown in Gil and Weir’s Figure 2 and we documented ~1,400 
sightings in the same area as occurred in Gil and Weir’s Figure 2, which possibly explains the 
discrepancy.  Additionally, we noticed Gil and Weir documented different points in their map 
than we did, which could also explain some of the discrepancies.  It is also important to 
remember that the GPS locations and subsightings may be several sightings of the same 
individual over several days so the sighting data can be inflated.  Additionally, it is not clear why 
we had a discrepancy in the historic sightings (89 historic sightings vs. 31 historic sightings we 

 

Figure 2.  GPS locations (424), historic sightings (31), and subsightings (17) occurring within the 
R-Project Area in north-central Nebraska.  These locations and sightings are from 32 
individual whooping cranes. 
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documented) except that the 89 historic sightings may actually be 89 total birds observed which 
would make sense since 81 total birds were observed in our 31 historic sightings  

b) Gil and Weir documented 39 whooping crane individuals within the R-Project study area 
between 2010 and 2014 based on their analysis of the telemetry data compared to 9 individual 
cranes from historical USFWS data. Is the 39 whooping crane count reasonable? 

Yes, this sounds reasonable, but we documented 32 individuals within the R-Project study area.  
Again, I believe the discrepancy is because Gil and Weir included all the GPS locations that 
occurred in their Figure 2.   

c) Gil and Weir define a cluster as a group of points (sighting and sub-sightings) in all cardinal 
directions found in a stopover habitat. Their clusters were developed using the telemetry data 
and historical USFWS data for the R-Project area. Based on eight identified clusters found 
within the R-project area, they estimated the stopover habitat use in square miles. Is this 
approach scientifically sound and is it appropriate for use in estimating whooping crane habitat 
use in the vicinity of the R-Project?  

Within radio-telemetry studies and mark-recapture wildlife studies, a common technique to 
estimate habitat use is to create a home range using either all the points or a portion of the points 
(e.g., 95% convex polygon) to create a polygon or use a kernel density estimator to create areas 
of high, moderate, low, and no use that define habitat use (Millspaugh et al. 2012).  Gil and Weir 
took the approach of not using the accumulation of points to define use, but rather to use the 
average maximum distance traveled by individuals from 8 clusters of occurrence points to create 
whooping crane habitat use areas by calculating the area of a circle based on the average 
maximum distance traveled (i.e., 3.35 miles) by whooping cranes between the cluster (i.e., 
stopover sites) and foraging areas.  They then centered each circle (~9mi2) over each cluster to 
represent a whooping crane habitat use area (i.e., stopover area + foraging area).  This buffer 
approach has been used to delineate habitat use and can be appropriate in certain habitat use 
studies.  However, in this case, Gil and Weir are assuming that all habitat within the circle is 
useable by whooping cranes and that all foraging habitat surrounding stopover sites are useable 
by cranes.  This approach will certainly result in an overestimation of whooping crane habitat 
within the R-Project study area. 

Task 4: Review the Whooping Crane Risk Assessment developed by the Service (Appendix E of 
the DEIS) for the R-Project to assess potential collision risk and evaluate whether the approach 
used is based on best available science and represents a reasonable approach to assessing the risk 
to cranes.  

The U.S. Fish and Wildlife Service (USFWS) used a multi-step approach to assess the potential 
risk of the proposed R-Project power line to whooping crane power line collisions.  They first 
examined 6 population growth scenarios for the Aransas-Wood Buffalo flock:  average annual 
growth rates of 3.5%, 4.0%, and 4.6% (Wilson et al. 2016) under density-dependent growth and 
density-independent growth (Butler et al. 2013) for the 50-year initial life of R-project.  They 
then estimated the rate of power line strikes per crane-year.  Their approach was different from 
the Gil and Weir approach and the NPPD approach in that they partitioned known mortalities 
within migration (Stehn and Haralson-Strobel 2014) to estimate power line mortality at 38.5% 
(10 known power line mortalities/26 known mortalities during migration).  Based on that 
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estimate, they were able to calculate total crane mortality during migration from power lines to 
be 118 cranes (546 total cranes deaths* 0.56 [proportion of mortalities during migration]* 0.385 
[proportion of power line crane mortalities within migration mortalities]).  USFWS also 
evaluated their level of confidence and uncertainty in their estimates by using 95% confidence 
intervals that bounded their estimates.  To me, adding a level of uncertainty (which is essentially 
missing from the other approaches) is critical for this risk assessment.  The final steps were to 
use these estimates to estimate the rate of power line strikes to transmission lines.  USFWS 
selected only transmission lines because GIS data on transmission lines is readily available and 
reliable.  They desired to make their assessment as specific as possible to the R-Project and then 
used that estimate and associated confidence intervals to determine the risk of power line strikes 
in the R-Project area.  Similar to NPPD’s approach, USFWS used the 1 known transmission 
mortality to develop their estimates for whooping crane power line strikes of transmission lines.  
Given that only 1 of the 7 documented whooping crane power line collisions in the U.S. was 
attributed to transmission lines, USFWS used the 14.29% as their annual rate, created binomial 
95% confidence intervals around that value, and applied those to the 6 population growth 
scenarios over the life of the R-Project.  In general, USFWS’s estimates for potential whooping 
crane mortalities from power line collisions resulted in a wide range of mortality scenarios 
ranging from 2 total strikes to 1,234 total strikes.  USFWS then projected a rate of strikes based 
on the number of miles of transmission lines within the whooping crane migration corridor.  
USFWS used correction factors to weight risk within the 75th percentile and 76th to 95th 
percentile of the migration corridor.  Again, due to high uncertainty, their projected mortality 
rates ranged from 0.00006645 cranes/mile to 0.041 cranes/mile for the 75th percentile and 
0.00003322 cranes/mile to 0.0205 cranes/mile for the 76 to 95th percentile.  USFWS then applied 
these rates to the R-Project under the 6 population growth scenarios and calculated a range of 
0.008 cranes to 4.96 cranes lost to power lines over the life of the project.  However, the 
maximum likelihood estimates range from 0.422 cranes to 0.619 cranes.  Overall, the USFWS 
analysis showed that there is tremendous uncertainty with estimating the risk of power line 
collisions for whooping cranes in the R-Project area.  USFWS stated that it is not very plausible 
that >5 whooping cranes will collide with the R-Project power line during the life of the project 
and that if whooping crane population growth rates remain <4.0% that it is more likely than not 
that no strikes will occur.  Overall, USFWS used the best science available in terms of what is 
known about power line collisions by whooping cranes in the Great Plains.  Now, could they use 
other best science available such as the GPS locations to possibly further refine their approach—
yes, but as I state below, I am not sure how much more improvement USFWS would achieve by 
such an approach.  The merits of the USFWS approach is that they attempted to determine the 
“risk” by incorporating uncertainty through bounding their estimates within confidence intervals 
and using maximum likelihood to provide some level of guidance about the certainty of their 
projections.  I am not sure how much more certainty USFWS would have in their projections if 
they incorporated some spatial and biological parameters as Gil and Weir did, but they would 
likely have refined their estimates.  Ultimately, I think they would have come to the same 
conclusion because the overriding issue that is creating this uncertainty is the lack of good, 
reliable, and accurate data on whooping crane power line collisions in the Great Plains.  Without 
better data, we cannot be confident in our assessments.  

Recommendations 
It is clear after reviewing NPPD’s, Gil and Weir’s, and the USFWS’s approaches that there is 
considerable uncertainty in how whooping cranes will be impacted by the R-Project.  The fact 
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that there have only been 10 documented whooping crane power line collisions (9 distribution 
line, 1 transmission line) over the last 60+ years certainly is a major factor in this uncertainty and 
is likely a reason for the wide range of risk estimates provided by each approach.  The variability 
of weather conditions (droughts, deluges), availability of stopover habitat, land-use changes, and 
landscape modifications further add uncertainty and greatly influence the likelihood of when and 
if whooping cranes will use stopover sites near the power line.  That said, an approach that 
attempts to account for some of this variability through modeling (e.g., include climate 
projection parameters for different dry and wet season scenarios, changes in land use patterns) 
that may at least provide some guidance on the likelihood of whooping cranes occurring near the 
R-Project power line during certain conditions would be helpful.  The GPS locations may 
provide some assistance in modeling stopover use during different weather conditions.  I agree 
that incorporating some type of spatial and biological components into the model may assist in 
refining the model, but there is also a considerable amount of variability within these 
components and so I believe the uncertainty will still be considerable.   

I realize that under the Endangered Species Act that a “take” estimate must be determined, but in 
this case, I do not believe that the necessary data is actually available to obtain an estimate of 
take that is at a level of certainty that is scientifically defendable.  With GPS and historic 
sightings data, we do have a much better understanding of the types of stopover habitats 
whooping cranes will use during migration.  At the very minimum, I believe these data should be 
investigated further to determine the types of habitats whooping cranes are using within the R-
Project area, how frequent the stopover sites are being used by individuals, when are whooping 
cranes using the sites and under what conditions (dry vs. wet conditions, other weather 
conditions), and what is the surrounding landscape of these stopover sites.  From reviewing the 
materials, it appears that these aspects of whooping crane occurrences in the R-Project area are 
not fully understood or documented.  Furthermore, this information could provide guidance on 
what areas may be more likely to attract whooping cranes and what type of hazard the R-Project 
power line may pose to whooping cranes.  
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CRANES FROM THE PROPOSED R-PROJECT TRANSMISSION LINE 
 

                           

KARINE GIL Ph.D.      and     ENRIQUE WEIR Ph.D. 
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May 18, 2018 

 

 

 

Thank you for the opportunity to respond to the report submitted by Dr. Craig Davis regarding 

our analysis of the risk of harm to Whooping Cranes from the proposed R-Project transmission 

line in Nebraska.  

 

Ecosystems Advisors was tasked with reviewing NPPD’s analysis of the risk to Whooping 

Cranes from the proposed transmission line, and to show NPPD and the U.S. Fish and Wildlife 

Service how risk could be calculated using the best available data to model the likelihood of 

collisions. While we agree with Dr. Davis that this exercise is made difficult by a lack of data, 

we have endeavored to use what data is available to provide a scientifically valid model. We 

agree with Dr. Davis that NPPD’s risk assessment was not based on the best available science, 

oversimplified the risk, and ultimately underrepresented the likelihood of harm from this project.  

 

We address some of the specific concerns raised by Dr. Davis regarding our analysis below. 

These comments clarify our prior report, and provide further support for our position that the R-

Project poses a significant risk of harm to migrating Whooping Cranes. Yet, we must reiterate an 

important point from our initial report: It is not necessary to rely on a sophisticated model to see 

that this project represents a major obstacle to the Whooping Cranes’ migration, and presents a 

significant risk of collision harm. We provided our model to respond to NPPD and to show how 

NPPD and the Service could assess risk using the sighting and telemetry data; however, given 

the location of the proposed project across the migratory corridor and the historical use of the 

area by Whooping Cranes as shown in the data, and the fact power lines are the greatest known 

cause of mortality for migrating Whooping Cranes, regardless of any model it is evident that this 

project will result in harm to Whooping Cranes, and that such harm could jeopardize the species, 

since it is so critically endangered. 
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COMMENTS 

 

1. NPPD’s use of 17% migration mortality  

 

Davis Report at 5: The use of 17% as migration mortality versus 60-80% as reported by Stehn 

and Haralson-Strobel (2014) could have also contributed to an underestimation of whooping 

crane collision risk migration. However, NPPD using the 17% value may be appropriate given 

the results from the satellite study. Overall, we just do not have a good enough understanding of 

whooping crane mortality during migration, which hampers our ability to assess mortality risks 

during migration.  

 

The satellite study that NPPD and Dr. Davis refer to provides an analysis of three years of data, 

and therefore does not represent the long–term migration mortality risk for Whooping Cranes. 

Stehn and Haralson-Strobel’s work is much more comprehensive, and provides a peer-reviewed 

analysis indicating a much higher risk of mortality during migration than the 17% used by 

NPPD, which is based on the amount of time the birds spend in migration, and not on any actual 

data on mortality risk. Using such a low value is simply not supported by the available data.  

 

In our report, we provided data showing that the mortality risk is much higher during migration 

than during the wintering or breeding periods. This is not only consistent with the published 

literature, but makes sense given that the species is most at risk during the long migration, where 

collisions with man-made objects distributed along the 4,000km corridor are more prevalent. Dr. 

Davis takes issue with this analysis, stating that using our calculations, “we would expect 31 

whooping crane deaths to occur during the winter period (0.2 crane deaths/day * 155 days) and 

28 whooping crane to occur during the breeding period (0.18 crane deaths/day * 153 days) for a 

total annual mortality of 101 whooping cranes.” However, Dr. Davis has misunderstood what our 

calculations show. The information provided on page 23 of our report is intended to show that 

the data for color banded Whooping Cranes indicates a much higher incidence of mortality 

during migration than the 17% NPPD used.  

 

We understand that the language of the report may have been confusing, since we labelled the 

results as “crane deaths per day;” however, this was not intended to show the number of deaths 

during migration that would be expected per day, but rather the proportion over the 27 years of 

available data. The data clearly indicate that Whooping Cranes are at much higher risk of 

mortality during migration than at the wintering or breeding grounds, and therefore NPPD’s 

assumption (i.e. that cranes migrate during 17% of the year and therefore 17% of mortalities 

occur during that time) is not supported. Regardless, this calculation was not used in our model, 

and therefore Dr. Davis’ concerns are irrelevant to the results of the model.    

 

To clarify: the calculation we provided used the information from the 132 banded birds tracked 

over 27 years (the data for these birds confirmed mortality and provide the last time seen at the 

wintering, breeding ground, or during migration), which provides the best long-term data 

available to estimate whooping crane mortalities over their life cycle. The data presented by 

Stehn and Haralson–Strobel (2014) lacked specific information about where cranes died or were 

last observed. The banded whooping crane data we relied on have been used to estimate the age 
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specific mortality rate in two peer reviewed manuscripts, a Ph.D. dissertation and a PVA analysis 

(Gil de Weir, 2006, Gil-Weir et al., 2012 and Wilson et al. 2016, IUCN SSC Conservation 

Planning Specialist Group).  

  

2. Estimation of Whooping Crane habitat impacted by the project 

 

Davis Report at 11, 19: For this parameter, Gil and Weir assumed that all habitat is useable by 

whooping cranes, which is likely not the case (i.e., other non-whooping crane habitats such as 

woodlands, shrublands, dry dune areas, roads, ponds, etc. also may occur within the polygon). It 

is not clear how much of an impact inclusion of non-whooping crane habitats in the spatial 

parameter had on their results given that some of these components may account for a small 

amount of habitat, but it should at least be recognized in the description. *** However, in this 

case, Gil and Weir are assuming that all habitat within the circle is useable by whooping cranes 

and that all foraging habitat surrounding stopover sites are useable by cranes. This approach 

will certainly result in an overestimation of whooping crane habitat within the R-Project study 

area.  

 

While Dr. Davis is correct that we calculated the amount of whooping crane habitat that would 

be affected by the R-Project using the home range of the birds – calculated from the clusters of 

data points in the vicinity of the Project – and that these home ranges include areas that may not 

be suitable habitat, he appears to overlook the purpose of this analysis. We did not consider all of 

the areas within these polygons to be useable by Whooping Cranes, but rather that the entire area 

of the polygon shows the zone where cranes are at risk of collisions, since this is the area they 

are using during their stopover, making short low-altitude flights that put them at risk. If we were 

considering the impacts on feeding or available roosting, we would certainly limit the analysis to 

habitat areas that provide those opportunities for the birds; however, here we are considering the 

risk of collisions with power lines. Therefore, the areas that the birds fly through are not only 

relevant, but necessary to show the full risk. The Whooping Cranes are most at risk when they 

are making short flights between roosting and feeding habitat, and it does not matter whether 

they are flying over areas that would not provide foraging habitat, since the birds are still at risk 

of colliding with power lines when flying over these other areas (such as woodlands and 

shrublands). Therefore, our calculation is consistent with the analysis we are providing, which is 

collision risk.    

 

We did review Shaw et. al. (2010), as Dr. Davis suggested, and we considered this a useful 

model; however, the data that was used for their model with Blue Cranes is not available for 

Whooping Cranes, and so we could not rely on this for our analysis. 

  

3. Survey and monitoring protocol – disturbance buffer 

 

Dr. Davis suggests that the 0.5 mile buffer for construction, surveying and monitoring may be 

sufficient, and that as long as NPPD follows the NGPC and USFWS survey protocol, it will be 

sufficient to ensure that disturbances are limited. However, Dr. Davis does not appear to 

understand the purpose of the 0.5 mile survey buffer, which is intended to protect the birds from 

low-level human activities, such as surveys being undertaken by trained professionals (i.e. 

Whooper Watch participants) or other quiet activities such as bird watchers. The 0.5 mile buffer 
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is not intended to protect the birds from more severe disturbance, such as the noise associated 

with construction-related activities. As set forth in our prior comments, based on our experience 

with Whooping Cranes a 0.5 mile buffer is inadequate here, and NPPD has failed to fully explain 

its survey protocol. Furthermore, the Service does not appear to have fully analyzed the impacts 

associated with construction or monitoring activities (i.e. use of helicopters) on migrating 

Whooping Cranes.    

 

There is certainly a lack of studies on Whooping Crane behavior and tolerance to different levels 

of human disturbance during migrations. However, it is clear that noise disturbance may affect 

their rate of survivorship, breeding success or energy metabolic rate during migrations with 

detrimental results to the species, and several studies have shown that noise can adversely affect 

cranes in the wintering grounds. In order to ensure that cranes are not harmed by construction-

related noise or monitoring activities, a more robust buffer should be used. 

 

4. Number of days in the stopover area  

 

Davis Report at 12: the parameter M is described as the proportion of migration time in R-

Project area, which seems to describe this parameter. Gil and Weir listed the estimated value for 

this parameter as 1.34, which is clearly not a proportion (i.e., it should be 0.0134). In personal 

communication with Dr. Weir, he stated that the description was a mistake and actually, this 

parameter describes the average number of times a whooping crane could potentially migrate 

through the R-Project Area annually. I further asked him how it was calculated and he stated 

that it was quite complex and he could not describe the approach used during our phone 

conversation. It is not clear what this parameter represents because if it represents average 

number of times a whooping crane migrates through the R-Project Area, it would be much closer 

to 2.0 (e.g., 1.90) since the average apparent survival rate for whooping cranes for the last 30 

years has been 94.8% (Stehn and Haralson-Strobel 2014). So, I am not sure how to interpret this 

parameter in the context of their model because if I interpret M as a proportion following Gil 

and Weir’s description, then their mortality estimates are considerable lower because of a 

simple mathematical error of using 1.34 instead of 0.0134 or if I use the value as 1.34, it does 

not seem to be a correct representation of how many times the whooping crane population may 

migrate through the R-Project Area. 

 

This parameter is necessary to calculate the risk of collisions, since the species migrates through 

the flyway twice per year. Without this, the model would only calculate the risk of collision for 

one of the two migrations, which does not fully capture the risk. While it would have been 

simpler to just multiply the results of our analysis by 2 (as even Dr. Davis indicates), this would 

have overestimated the risk because even though the birds migrate through the area twice per 

year, they will not always stop in the vicinity of the R-Project. As we explained on the phone to 

Dr. Davis, we calculated this value by looking at the available telemetry data for the birds that do 

stop in the vicinity of the R-Project, which shows that these birds are likely to be in the area 1.34 

times per year. This is a much more precise, and conservative, calculation than merely applying a 

multiplier of 2 to capture the risk.  

 

Dr. Davis notes that this is not a proportion, and we understand the confusion from our use of 

this term. However, as we explained to Dr. Davis, this multiplier is based on the actual data 
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available for the birds using the R-Project area, and represents the number of times per year that 

these birds are likely to be exposed to the R-Project transmission line. Since the data 

underrepresents crane activity (i.e. only 20% are radio-tagged), this is likely an underestimation, 

and therefore the actual risk of collisions is probably higher than our model shows. 

 

5. Large family groups migrate together 

 

Davis Report at 13: Whooping cranes migrate as family groups composed of parents and 

juveniles (Urbanek and Lewis 2015), but I am unaware of groups composed of up to four 

generations migrating together and there is no mention of this phenomena in the literature. Gil 

and Weir suggest that observations of flocks of as many 21 individuals arriving at the same 

wetland could indicate that all the birds are related and that using the wetland is an inherited 

tradition, but this statement is highly speculative and is not supported by any peer-reviewed 

literature.  

 

The fact that larger groups of Whooping Cranes may travel together is supported by the available 

data from banded birds. We refer you to Gil-Weir, K., F. Chavez-Ramirez, B.W. Johnson, L. 

Craig-Moore, T. Stehn, and R. Silva. 2014. Historical breeding, stopover and wintering 

distributions of a Whooping Crane family. Proceedings of the North America Crane Workshop, 

Grand Island, NE. (see abstract attached). In this published proceeding and presentation, we 

presented our analysis of the data, collected over 24 years, of all the historical breeding, 

stopovers and wintering distributions of a banded whooping crane family, which included four 

generations of individuals based on the color bands. Further analysis of this banded family 

(RwR-Nil) has shown that the same family, consisting of up to 21 individuals, arrived at the 

wintering territory during the same period of time, confirming that larger family groups do 

migrate together. We are currently working on a new study regarding this very issue, and will be 

submitting it for peer review soon.   

 

6. Whooping Cranes show site fidelity during migration 

 

Dr. Davis takes issue with our assumptions regarding site fidelity; however, Whooping Crane 

site fidelity is supported by the available scientific literature as well as the available data. Dr. 

Davis claims that our reliance on site fidelity is undermined by the data he reviewed, which 

shows only a few birds returning to stopover areas in the vicinity of the R-Project, yet this does 

not reflect the full data. Dr. Davis’ analysis is limited to the crane data in the vicinity of the R-

Project, but there is not enough data in that area to evaluate whether the cranes in fact show site 

fidelity. We note that only a small percentage of cranes have been radio-tagged, so using a small 

sample of the data does not provide a conclusive analysis.  

 

We have analyzed this issue over a much broader area, using the data for the 134 banded birds 

during 27 years across the entire central flyway, and compared that with the telemetry data. The 

banded data shows that Whooping Cranes do indeed show site fidelity during migration. Banded 

birds return to very specific stopovers, not just designated critical habitat, and the data shows that 

the same individuals and members of the same family group used the same stopover areas over 

the course of several migrations. While this site fidelity could be during the same year (i.e. 

spring and fall migration), during consecutive years, or several years apart (Gil-Weir et al. 2014), 
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it is still important because it indicates that the birds are likely to return to areas they have used 

in the past. Also, the telemetry data shows several cases of cranes using the same stopover areas 

in the vicinity of the R-project and along the central flyway during a period of three years. This 

kind of behavior is not a surprise, since this species shows wintering territory fidelity and 

breeding ground Composite Nesting Area (CAN) fidelity. Again, we refer you to the following 

paper (abstract attached): Gil-Weir, K., F. Chavez-Ramirez, B.W. Johnson, L. Craig-Moore, T. 

Stehn, and R. Silva. 2014. Historical breeding, stopover and wintering distributions of a 

Whooping Crane family. Proceedings North America Crane Workshop, Grand Island, NE.  

 

7. Regarding our modelling of Whooping Crane mortality risk 

a. Annual mortality 

 

Davis Report at 14-15: The major issue with this approach (which is also a problem with using 

the 20% collision mortality from the 50 confirmed mortalities) is that this is not a reflection of 

annual mortality and cannot be extrapolated to annual mortality. This mortality is an 

accumulation of mortalities over 27 years. 

 

As Dr. Davis notes, there is not a lot of data on the cause of mortality for migrating Whooping 

Cranes. However, we attempted to use the best available data to make informed assumptions 

based on scientifically valid principles of extrapolation. We are confused by Dr. Davis’ 

statement here, that the data does not show annual mortality, but rather an “accumulation of 

mortalities over 27 years.” Dr. Davis fails to explain why the accumulated mortality over a given 

number of years cannot be used to calculate the average mortality per year. This is a 

scientifically valid use of the data, and we completely disagree with Dr. Davis that the data 

cannot be extrapolated to calculate annual mortality.   

 

b. Calculation of mortality risk 

 

Davis Report at 15: Furthermore, we would expect 31 whooping crane deaths to occur during 

the winter period (0.2 crane deaths/day * 155 days) and 28 whooping crane to occur during the 

breeding period (0.18 crane deaths/day * 153 days) for a total annual mortality of 101 whooping 

cranes. Clearly, the circular nature of this exercise in which we begin with 101 mortalities over 

a 27 year period and end with 101 mortalities on an annual basis is flawed and misleading.  

 

As discussed above, there appears to be some confusion as to what this data was being used to 

show. Dr. Davis is correct that the numbers add up to 101 mortalities, since that is the data set we 

have to work with; however, he is incorrect is assuming that we used the data to show an annual 

mortality that is the same as the mortality over the past 27 years. Rather, this was used to show 

the proportion of mortalities that have occurred during migration over that 27 year period, as 

opposed to mortalities at the breeding and wintering grounds. We understand that the way this 

data was presented may have been confusing, but we did not intend to show the number of crane 

deaths per day that are expected, but rather the proportion of deaths during migration. As set 

forth above, this was to respond to NPPD’s use of 17% mortality risk, which is not supported by 

the data. We note that this calculation was not used in our model or as the basis for our 

conclusions regarding the risk of collisions from this project. 
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c. Using the color-banded data to calculate collision risk 

  

Davis Report at 15: Gil and Weir further stated that they were able to more accurately calculate 

the percentage of documented individuals that collided with power lines, which was 23% of 101 

confirmed deaths, from the color-banded whooping crane data set. This is very misleading 

because the 101 mortalities of color-banded whooping cranes were not confirmed to be cause-

specific mortalities. 

 

Dr. Davis is simply incorrect that the available data does not provide cause-specific mortalities, 

allowing us to calculate the percentage of mortalities from power line collisions. There are 

several causes of mortality documented for color banded individuals in different reports (Kuyt 

1992, Stehn 2010, Gil and Weir 2012), some of them documented powerline collisions. Other 

reports show broken wings in banded birds due to powerline collisions (USFWS Report 84B-41). 

The color banded data provides one of the best databases developed on Whooping Cranes. This 

database was created from all the annual USFWS reports (Stehn, Jobman, Tacha) and CWS 

reports, documenting the yearly status of each banded individual during the last 27 years. This 

database was used to publish Whooping Crane mortality (Gil de Weir, 2006), and also to update 

the database as set forth in Gil-Weir et al. 2012, and Gil-Weir et al., 2014. There were 134 

individual cranes color banded from 1977 to 1988, in 12 cohorts. Each individual was tracked 

annually and the data documented the status, reason and location of mortality if this was known. 

This is the data we relied on. In addition, there are multiple reports of mortality from banded 

birds along the central flyway reported by Jobman 2007 (unpublished USFWS). 

 

d. Calculating collision mortality estimate for Sandhills Ecoregion 

 

Davis Report at 15: It is not clear how Gil and Weir arrived at the 10% estimate for collision 

mortality in the Sandhills Ecoregion, as they did not provide any supporting materials or 

justification.  

 

Please see Stehn and Haralson-Strobel (2014), Table 2, where they show that from 49 recovered 

carcasses (between 1951 and 2010), there were ten associated with power lines collisions. 

According to this analysis, only one of the ten died in the Sandhills Ecoregion (1988 at San Paul, 

NE). This shows that 10% of the mortality due to powerline collision occurred in the Central 

Flyway. While the data is limited, it is the best information we have on this issue.  

 

e. Validation of the model 

 

Davis Report at 17: In the section on validation of the model, it is unclear how Gil and Weir 

actually validated their model. They appeared to have used the historic mortality data from 1977 

– 2009, which they multiplied by 0.25 for the annual collision mortality rate, to calculate a 

separate KCollision for each year. They then used that value along with the population size for 

each year to provide a mortality estimate for each year from which they compared those values 

to the actual confirmed power line mortalities during that period (7 total with 1 mortality 

occurred during 7 different years) to validate their model (I think). Their estimates for power 

line mortalities ranged from 0.19 to 3.37 within each year and the total number of mortalities 
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were estimated to be nearly 40 for that period. So, their validation seemed to overestimate the 

number mortalities.  

 

Because there are not enough data of all the collisions that have occurred historically along the 

central flyway, we needed to use an estimation based on the observed mortalities due to power 

line collisions to validate the model. The very few reported collisions were only opportunistic 

observations – see Kuyt (1992), Stehn and Wassenich (2008). Our estimation tried to model a 

more realistic number of whooping crane collisions based on mortality data from 1950 to 2009 

(Stehn and Haralson-Strobel, 2014) and is validated with information from banded birds data 

(1977-2009), that include age class mortalities. The following explains our rationale: 

  

 Stehn and Haralson–Strobel estimated 20% of mortality due to powerline collision during 

69 years, and 24% had an unknown cause. If we distribute this unknown mortality in a 

similar proportion among the different identified causes of mortality, we can assume that 

an additional 6% were caused by power line collisions (to 26%). We believe this is a 

conservative number based on the available research and data. 

 From banded bird data (from 1977 to 2009), the percentage of mortality associated with 

power line collisions was 23%. Because this percentage doesn’t include juvenile 

mortality during fall migration, as with the Stehn & Haralson- Strobel 2014 data, we 

adjusted the percentage to 25% to cover this age class mortality (which is close to the 

26% from Stehn and Haralson-Strobel’s data after the adjustment for unknown 

mortalities). Again, our use of 25% (or 0.25 factor) is a conservative value based on the 

available data. 

 Because we know the total annual mortality from banded birds, we used this to estimate 

the yearly power line collision mortality, giving us the range of 0.19 to 3.37 Whooping 

Cranes deaths due to power line collisions per year. 

 In validating the model through the use of the banded bird database (which included 

juvenile mortality during fall migration, which was not included by Stehn and Haralson-

Strobel), the total number of Whooping Cranes that died by powerline collision from 

1977 to 2009 was estimated to be 40.92 individuals. We do not believe that this number 

is an overestimation because it represents only 25% of the total of 163 banded juvenile, 

sub-adult and adult Whooping Crane deaths during this period, and also follows the trend 

of the values obtained by Stehn and Haralson-Strobel (2014). Since the published 

literature confirms that collisions with power lines are the greatest known source of 

mortality for the species, this is consistent with what we would expect the data to show.  

 Because of the lack of information in the Central flyway, we must include this multiplier 

to account for the inherent uncertainty due to the under-reported mortalities from 

powerline collisions.  

 

The value of Kc (0.0041) was not overestimated. This rate of mortality represents the number of 

Whooping Cranes that could die due to powerline collision, and was calculated as follow: 

1. Average powerline collision dead per year was estimated as: 

Whooping Cranes dead in R project area (1) / years reported from Stehn and Haralson-

Strobel (2014) 

a. Validation of the model was developed using data from banded whooping cranes 

from 1977 to 2009, comparing the number of annual deaths per year: 
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X= 1 dead/69 yrs = 0.0145 dead/year  

2. Kc then is equal to: 0.0145/ 3.35miles (distance of powerline into WC activity area)                              

Kc= 0.004326 deaths/year/miles 

3. The increase in the Whooping Crane population, which would also increase the 

likelihood of collisions from the project, was considered through GPI parameter (growth 

population index). 

4. L increases from 127 to 225 miles because the number of Whooping Crane activity areas 

will increase with the population growth. 

5. Mortality collision values of Mc2016 and Mc2068 (Mc = Mortality for collision) were 

1.73 and 4.46 respectively. This was calculated from parameters in Tables 4 and 5 of our 

report.  

 

f. The number of sightings and sub-sightings in the Project area 

 

Davis Report at 18: Based on their analysis of the telemetry data, Gil and Weir documented a 

total of 1,344 sightings and sub-sightings of whooping cranes within the R-Project region (see 

Figures 1 and 2 of the Gil and Weir report) during the period from 2010–2015. Does this count 

seem reasonable when compared with the USFWS historical data indicating 89 sightings 

between 1968 and 2017? 

                                                      

The table below shows the number of GIS points associated with radio-tracked Whooping 

Cranes from 2009 to 2016 in the vicinity of the R-project. The table shows 30 radiofrequencies 

assigned to 30 whooping cranes. The total number of data points is 1,329 (we originally stated 

1,344 but looking again there are a few overlapping data points that should only be counted 

once). These points are geo-referenced between the final route of the R-project and the R-project 

buffer area. We don’t know how, exactly, Dr. Davis’ calculated the data points, but the 

information provided by us was from the USFWS data with 4 levels of accuracy (26m – 50m, < 

150m, 149m - 350m, and 350m-1000m), only for the R-project area and final R-project route, 

and we believe we accurately portrayed the number of data points in the affected area. 

In addition, our analysis of the USFWS historical sighting database shows 111 sightings and sub-

sightings of whooping cranes observed in the R-project area between 1958 and 2011. The 

number reported by USFWS (89) didn’t include sub-sightings, which are subsequent 

observations of the same individuals in each stopover, tracked by USFWS biologists and 

reported in hard copy documents. These sub-sightings are essential for establishing the area 

where cranes would be at risk during stopovers, since they show the home range – the area where 

the birds make short, low-altitude flights where they are most at risk of collisions. The sub-

sighting information is available in hard copy documents at Grand Island, USFWS archives and 

in an integrated electronic database that Ecosystems Advisors created for the Platte River 

Recovery and Implementation Program. 
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Table: Telemetry Project data 

                                                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

 

It is readily apparent from the available data that this project presents a substantial risk of harm to 

Whooping Cranes from collisions with the proposed transmission line. We hope that the 

information provided above clarifies our prior report, and we are happy to answer any further 

questions the USFWS has regarding our analysis.   

Whooping crane Number of 

Radio frequency GIS data points 

134344 9 

134346 222 

134347 13 

134348 7 

134352 1 

100528 158 

100531 4 

98801 1 

98802 1 

98803 23 

98804 6 

98805 45 

98806 4 

98807 3 

98808 196 

108432 2 

108434 32 

108437 2 

108440 40 

108441 68 

119227 200 

119230 9 

119233 203 

119234 14 

119236 14 

119237 2 

119238 2 

119239 17 

119240 30 

119242 1 

Total telemetry 

data 1329 
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INTRODUCTION 

Nebraska Public Power District (NPPD) requested Western EcoSystems Technology (WEST) 

review Ecosystems Advisors LP (EA) report, which details comments by EA in regard to the 

Draft Habitat Conservation Plan (HCP) for the R-Project transmission line (NPPD 2017). EA’s 

report (EA 2017) outlines assumptions within the draft HCP and the estimated impacts the R-

Project could have on whooping cranes due to the use of these assumptions in a risk 

assessment. This report presents our review of the scientific validity of the arguments set forth 

in the EA (2017) report focusing on three sections: EA (2017) comments on the NPPD 

assessment of impacts from construction and operation, comments on NPPD risk assessment 

and modeling, and the Ecosystems Advisors’ risk model. This review of the EA report was not 

exhaustive, but was limited to the scope of our contract with NPPD. There were additional 

statements, analyses, and conclusions made in the EA (2017) report that were not addressed 

here, and any omission of those items does not constitute implicit agreement or disagreement 

with statements, analyses, and conclusions in EA (2017). 

NPPD ASSESSMENT OF IMPACTS FROM CONSTRUCTION AND 

OPERATION 

Telemetry Data 

The EA (2017) report regularly referenced whooping crane telemetry data collected by USGS 

Northern Prairie Wildlife Research Center and affiliated entities from 2009 to 2017 (hereafter 

referred to as ‘the telemetry data’). EA (2017) purportedly analyzed the telemetry data, which 

the authors were provided by the Center for Biological Diversity, but did not provide a 

description of analysis methods, justification for the analysis decisions, or quantitative results. 

With the exception of the calculation of the amount of whooping crane habitat, commented on 

below, none of the other analyses performed by EA (2017) with the telemetry data were 

explained with enough detail to be repeated.  

EA (2017) rarely mentioned the temporal or spatial scale of the telemetry analyses. Of the 

approximately 10 times that EA (2017) referenced an analysis of the telemetry data, the 

temporal extent of the data used was only mentioned twice (2010 – 2015 p. 4; 2009 - 2015 p. 

25), and the dates were inconsistent. The spatial scale was vaguely referred to 10 times as “the 

R-Project area” with no description of what that area encompassed. Page 31 refers to a spatial 

scale of “within an eight-mile diameter of the R-Project”, but this description was equally unclear 

and, as discussed further below, was inconsistent with Figure 2 in the report.  

EA’s argument left readers assuming that EA (2017) had used a reasonable area for their risk 

assessment. However, given the spatial extent in Figure 2, it appeared EA (2017) had used a 

very large area to evaluate the potential impacts the R-Project might have on whooping cranes. 

If the dots in Figure 2 correspond to the data used in EA (2017) analyses of the telemetry data, 
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then EA’s inference area was much larger than the proposed Project area. EA’s evaluation then 

included substantial bias by artificially enlarging the Project area to include more area within the 

high-use whooping crane migration sighting corridor. Figure 2 included sightings located near 

Grand Island, NE, which is approximately 75 miles south of the eastern end of the R-Project 

permit area. 

Figure 2 from EA (2017). R-Project (Red Line) and Whooping Crane data from the Telemetry 
Project (USGS – PRRIP). Red dots (1,334 sightings and sub-sightings, from 31 individuals). 

Headwaters Corporation attempted an independent evaluation of the telemetry data used in the 

EA (2017) report (Appendix B). Headwaters was unsuccessful in replicating the 1,334 use 

locations in the R-Project area as defined by EA. Headwaters concluded that EA (2017) must 

have included the less precise Doppler locations in their analysis, despite the exclusion of these 

data by United States Geological Survey published research due to the on average ± 2.5 miles 

range of error. When Headwaters limited the range of data to 2010 – 2015 and then evaluated 

an area approximately the size of Figure 2, including the imprecise Doppler locations, it was 

able to get close to the 1,334 sightings claimed by EA (2017), but not exactly. The data 

reduction steps taken by EA (2017) were not described in their report, thus eliminating the 

possibility of precise replication of the EA (2017) analyses and leading to potentially false 

statements such as “the telemetry data suggests that this is a high use area for the species” (p. 

34). 

Assumptions and Concerns 

The lack of repeatability for the input dataset and lack of a description of the methods, 

justification for the analysis decisions, or quantitative results indicated there was a strong 

possibility EA (2017) performed quick and inaccurate analyses that were not peer reviewed. 
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Specific instances of this issue in the report section relating to Impacts from Construction and 

Operation are detailed below. 

EA (2017) claimed: “If NPPD had included sub-sightings in its analysis, it would have found that 

Whooping Cranes often move short distances of up to 10.5 miles back and forth between 

feeding and foraging locations” (p. 6). EA however, provided no further information describing 

the input data, analysis methods, sample size, or associated error of the estimate. 

EA (2017) did provide detailed methods for their habitat area calculations. EA (2017) claimed to 

have estimated the amount of whooping crane habitat in the area of the R-Project based on 15 

clusters (groups of observations) from the telemetry data (p. 6). Several problems exist with this 

approach:  

 EA (2017) indicated there were 15 observations but did not justify why only eight 
maximum distances were averaged to get the average maximum distance travelled 
within a cluster. 

 EA assumes all stopover locations encompass a fully circular area, with no scientific 
justification, resulting in an overestimate of calculated habitat area. 

 EA (2017) showed a complete lack of understanding in the valid use of precision 
estimates by expanding the standard error of the distance (1.41) with a similar 
calculation made for the mean. To correctly use the standard error, EA should have both 
added the standard error to the mean and subtracted the standard error from the mean, 
and performed subsequent calculations of those two numbers, e.g., π*[(�̅ ± se)/2]2. 

 EA (2017) made an additional, simple arithmetic error in the calculation by neglecting to 
multiply by Pi when calculating the standard error of the habitat use area (1.41/2)2 = 
0.49. Note the conversion resulted in an increase in the mean but a decrease in the 
standard error, indicating a careless mistake. 

 The estimated 5,638.4 acres of habitat calculated by EA (2017) represents the area 
used by an average crane group, or cluster in the R-project area. EA’s calculation 
assumed all stopover locations encompass a fully circular area, which is unsupported by 
any justification.  

 EA (2017) multiplied the 5,638.4 estimated acres “per individual” by 15, presumably for 
the number of clusters. Although not stated, assuming the 15 clusters were amassed in 
the telemetry data over a series of years, likely 2010 – 2015; EA (2017) estimated the 
sum of habitat across years for the set of telemetered cranes. This does not estimate the 
amount of habitat in the R-project area.  

Invalid Assumptions 

In several places in the EA (2017) report, the authors presented various arguments that were 

unsubstantiated. For example, EA (2017) claimed the R-Project linear feature would add to a 

“U-shaped trap around the Platte River” (p.7). Although the aerial view of these lines induce the 

reader to agree with the EA (2017) conclusion, the actual distance between the parallel lines of 

the “U”  will be an estimated 16.7 miles. It is improbable that whooping crane movements during 
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a stopover would be influenced by the presence of two parallel lines over 16 miles apart. 

Additionally, this argument contradicted the EA (2017) model assumptions, which use an 

estimated 3.35 miles as the average maximum distance moved within stopover locations. 

EA (2017) claimed “the historical sighting data, as well as the telemetry data, indicate that 

cranes show site fidelity along the central flyway” (p. 10). However, EA (2017) provided no 

substantiated information to determine how they reached this conclusion. Additionally EA (2017) 

stated “The telemetry project data also show that a number of radio-tracked Whooping Cranes 

have stopped in the R-Project area at least two or more years, roosting on wetlands and river 

habitats, and feeding on adjacent areas, indicating site fidelity.” Again, there was no information 

describing an analysis method or quantitative results to support this claim.  

To evaluate these EA (2017) claims, Headwaters analyzed the 2010 – 2017 telemetry data for 

site fidelity (included here as Appendix B). In this analysis, Headwaters estimated the number of 

fidelity events, defined as stopovers within 10 and 20 miles, across the total number of 

stopovers for each radio-tracked bird. The analysis consisted of data from 58 birds and the 

results showed only 4% of stopovers in Nebraska were within 10 miles of a previous stopover 

by the same bird, and only 12% were within 20 miles of a previous stopover. Headwaters 

quantitative analysis clearly describes the methods and presents results that do not support the 

validity of the statement made by EA (2017) referencing crane site fidelity. 

Unsupported Claims 

EA (2017) attempted to validate several of their critiques against the HCP using research 

articles referenced in their report. WEST reviewed several of these articles to determine the 

validity of the statements and use of literature.  

The authors of EA’s (2017) report take issue with the assertion in the HCP that construction 

activities associated with the R-Project would result in the total temporary disturbance of 12.7 

acres of potentially suitable whooping crane habitat. EA stated on (p. 9) “alterations to the 

crane’s habitat will produce an unpredictable response, even at these small scales. The claim 

that habitat can be ‘restored’ to similar conditions is insufficient - in fact, the Crane Trust made 

several attempts to restore whooping crane habitat with the same shape and substrate; 

however, whooping cranes did not respond in those areas in the same way, and therefore it 

may not be possible to restore habitat with the same functions and values that whooping cranes 

rely on (Ramirez-Yanez et al. 2011).”  

Ramirez-Yanez et al. (2011) made no mention of whooping cranes or any other cranes in this 

article. The results referenced in this article were related to small grassland passerines, 

concluding that nesting density is higher in the remnant prairies for bobolink and grasshopper 

sparrow, but higher in the restored prairie for the dickcissel. Therefore, this reference does not 

support the statements made in the EA (2017) report. 

The authors of EA (2017) report expressed concern about changes in the landscape and how 

the changes would affect whooping cranes. EA (2017) wrote “minor changes in landscape can 
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harm whooping cranes” (p. 9). This statement is unsubstantiated as no reference is given to 

support this claim. EA (2017) voiced concern regarding the landmarks that cranes memorize as 

reference points cranes for their stopover sites. Further, EA pointed to the new infrastructure 

such as roads, buildings, or towers, as likely representing a major alteration and/or disturbance, 

causing them not to recognize their historical stopover locations. Again, this statement was not 

supported by any reference. 

EA (2017) made a statement purportedly refuting NPPD’s use of Austin and Richert’s (2005) 

article: “In our experience, this estimation of the use of riverine habitat is quite low” (EA 2017, p. 

7). The authors of EA (2017) asserted by this statement that their anecdotal experience of 

observing whooping cranes in Nebraska was more unbiased than the 526 sightings on which 

the Austin and Richert (2005) study was based. Given the biases associated with convenience 

samples (non-random, non-representative) whooping crane observations (Thompson 2012), 

there is no validity to this argument by EA (2017). 

EA (2017) argued that whooping cranes bypassing a stopover site due to site disturbance may 

not have enough energy to get to the next stopover site. EA used this argument to refute the 

HCP claim: “[t]his would have minimal to no effect on migrating Whooping Cranes”. EA (2017; p. 

11) and stated “in reality the harm will depend on the remaining energy that the Whooping 

Cranes will need to make an extra-flight or flights to search for new locations to find food and 

roost, and to prevent predation (Chavez-Ramirez, 1996).” The article by Chavez-Ramirez 

(1996), however, does not support this statement. First, Chavez-Ramirez (1996) studied 

wintering cranes, not migrating cranes, and the study area for this thesis was the wintering 

grounds in Texas, not stopover habitat. Second, the author studied the energetics of wintering 

cranes obtaining fat deposits, which whooping cranes are not likely to do during migration. 

Therefore, EA’s reference to Chavez-Ramirez (1996) was unsupported. 

In summary, there were numerous unsubstantiated arguments and invalid use of reference 

literature in the Impacts from Construction and Operation section of the EA (2017) report. In 

addition, a lack of sufficient detail regarding the EA (2017) definition of a study area, analysis 

methods, or analysis decisions precluded the rigorous assessment of these calculations. 

NPPD RISK ASSESSMENT AND MODELING 

The authors of EA (2017) made many assertions regarding flaws in the HCP. However, in many 

cases, EA did not cite literature that supported their claims as some examples demonstrated 

from above. This section contains cases in the NPPD Risk Assessment and Modeling section of 

the report where EA (2017) uses unsound reasoning in regards to their arguments and fails to 

cite literature to support arguments.  

Unsound Scientific Reasoning 

Many statements in EA (2017) were not supported by the best available science. EA (2017) 

consistently referred to an outdated statistic for the percentage of whooping crane mortality 
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associated with the non-wintering time period (80%), which was based on older and less 

rigorous research. In fact, the most recent estimation of whooping crane mortality associated 

with migration from the telemetry study is 15% (Brandt et al. 2014, Pearse et al. 2018). The 

difference in the use of this number in the risk estimate is significant in that it results in much 

higher estimates of predicted mortality. 

EA (2017) also attempts to criticize the use of a Watershed Institute report (p. 18): “The 

Watershed Institute’s Potentially Suitable Habitat Assessment for Whooping Cranes, however, 

only analyzed wetland characteristics independent of the historical use of wetlands by 

Whooping Cranes. This analysis was not subject to validation and testing of the model with 

historical sightings and sub-sightings, and did not consider the more recent telemetry data.” 

The Watershed Institute’s assessment of suitable whooping crane habitat is a reproducible work 

product based on current science, to guide line marking, which was how NPPD used it. The 

Watershed Institute’s model was not a part of NPPD’s risk assessment as EA (2017) asserted. 

The scoring criteria in their model clearly assessed quality of habitat based on published 

whooping crane research. In addition, the Watershed Institute’s model was calibrated using the 

U.S. Fish and Wildlife Service (USFWS) definition of critical habitat for whooping cranes. To 

question the use of this model by NPPD to identify lines to mark is akin to EA (2017) ignoring 

the best available science. 

The HCP uses data from Stehn and Haralson-Strobel (2014) that estimate total whooping crane 

mortality and the proportion of crane mortality during migration attributed to power line collision. 

The analysis in the HCP assumed the 50 total birds found dead by the study authors was a 

representative sample of whooping crane mortality, which constituted the best available 

science. After describing this calculation, EA (2017) asserted “The number of Whooping Crane 

deaths attributed to power lines is, however, very much unknown, and is likely much higher than 

NPPD claims” (p. 11), but offers no citation for its conjecture on this issue. Here is an example 

where EA (2017) attempted to cast doubt on NPPD’s risk assessment, yet offered no defensible 

argument against the reference in the HCP.  

In a subsequent invalid argument, EA (2017) stated “Research, such as Stehn and Haralson-

Strobel (2014), has actually estimated that 108 individuals died due to powerline collisions from 

1950 to 2010” (p. 13). EA (2017) used this statement in an attempt to refute the 3.6% estimate 

of whooping crane mortality associated with powerlines during migration. The data EA (2017) 

cited, from Stehn and Haralson-Strobel (2014), were mortalities due to powerlines, i.e., 541 

identified birds died during the 61-year period with an estimated 20% due to powerlines for a 

total of 108 birds.  However, not all of these 108 fatalities were attributed to the migration 

season, which was what the NPPD statistic referenced. EA (2017) refuted the 3.6% through an 

“apples to oranges” comparison by taking the Stehn and Haralson-Strobel (2014) information 

out of context. 
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Another example refers to telemetry study results. EA (2017) asserted that Brandt (2014) and 

Pearse (2014) from the Thirteenth North American Crane Workshop did not support the 

conclusion that the risk of mortality is correlated to the time spent in migration (p. 12).  

Although the presentations made at this conference were not available to review, subsequent 

peer-reviewed research by Dr. Aaron Pearse, United States Geological Survey, using the 

results of the telemetry study, clearly supports the conclusion that the risk of mortality is 

correlated to the time spent in migration, as noted in NPPD risk assessment. That research 

includes the following statements in reference to mortality of radio-tracked cranes of the 

Aransas-Wood Buffalo population (AWBP; Pearse et al. 2018):  

 “Of these, more occurred during winter (~45%), compared with summer (~40%) or 
migration (~15%).” 

 “Migration has been identified as a time when 60–80% of AWBP Whooping Crane 
deaths occur (Lewis et al., 1992; Stehn and Haralson-Strobel, 2014). Our findings do not 
support these assertions and indicate that migration contributed the least proportionally 
to annual mortality while also representing the smallest proportion of the annual cycle.” 

In addition, the EA (2017) arguments about NPPD’s use of these telemetry results directly 

contradict each other. On the one hand, they assert that “The estimation of mortality specifically 

during spring and fall migration continues to be unknown, which was the purpose of the recent 

telemetry project. NPPD, however, failed to use these data in estimating the likelihood of harm 

from collisions” (p. 12). On the other hand, they attempt to criticize NPPD’s use of that telemetry 

data to estimate mortality during migration, as presented in Brandt (2014) and Pearse (2014), 

which was the only information available at the time the draft HCP was prepared. 

EA (2017) asserted “NPPD’s model assumes only one crossing per year, further diluting the 

results of the assessment” (p. 15). The estimates of mortality during migration NPPD 

incorporated into their risk assessment from Brandt (2014), Pearse et al. (2018), and Stehn and 

Haralson-Strobel (2014) did not discriminate between spring and fall events, but encompassed 

time spent during both spring and fall. The EA (2017) assertion that the NPPD risk assessment 

estimate should be doubled is erroneous.  

EA (2017) stated the NPPD risk model needed to incorporate the whooping crane’s large body 

size, flight direction and height, and poor vision (p 15). In addition EA (2017) criticized the NPPD 

for not accounting for “biases associated with scavenger removal, search detection of carcasses, 

proportion of crippling, and inaccessible search habitat”. However, there is no indication that EA 

(2017) accounted for any of these items in its risk assessment model.  

Unsupported Claims 

EA (2017) made claims in the NPPD Risk Assessment and Modeling section of the report that 

lacked a published literature citation. 
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 “The risk of collision with powerlines and other man-made objects, predation, and other 
harm is much higher during migration” (p. 13) 

 “Historical USFWS data show up to 50% of juveniles may be killed during migration” (p. 
13) 

In addition, EA (2017) contained many instances where the telemetry data were cited as the 

source data of an analysis, but there was no description of methods or quantitative results. EA 

(2017) claims (p. 18) “The data indicate that Whooping Cranes come back to the same wetlands 

regardless of the size (from a simple water mirror to a large wetland), or stop in specific types of 

wetlands based on weather conditions during migration.” But EA (2017) did not provide statistics 

to indicate how this was measured or the magnitude of the measurement. The Headwaters 

analysis referenced above found that only 4% of stopovers in Nebraska were within 10 miles of 

a previous stopover, and only 12% were within 20 miles of a previous stopover. 

EA (2017) again claims (p. 15) the telemetry data were analyzed stating “Our analysis indicates 

that there are places where the R-Project line will divide wetlands used for roosting from grain 

fields used for feeding, and therefore will pose a high risk of collision by placing a transmission 

line in areas frequented by Whooping Cranes, as shown through the telemetry data (Fig. 2)”. 

There was no information provided to determine how EA reached this conclusion. EA claims (p. 

18) “Using the USFWS’ historical records and telemetry data to identify specific wetlands used 

by cranes could provide an important adjustment to the model. The data indicate that 

Whooping Cranes come back to the same wetlands regardless of the size (from a simple water 

mirror to a large wetland), or stop in specific types of wetlands based on weather conditions 

during migration. For example, the data indicate that some cranes use small wetlands during 

wet years and then concentrate in a river during dry years.” Again, these statements were 

made without any evidence an analysis was conducted due to a lack of information regarding 

methods, sample sizes, quantitative results, and levels of precision. 

In summary, the NPPD Risk Assessment and Modeling section of the EA (2017) report 

contained numerous instances of unsupported claims, failures to use best available science, 

and unsound reasoning. 

ECOSYSTEMS ADVISORS’ COLLISION MODEL 

In general, there was insufficient information in the EA (2017) report to fully evaluate the EA risk 

model. That is, not enough detail was presented to determine the primary assumptions, the data 

used for each model component, whether certain information provided (e.g., the summary of 

results from Stehn and Haralson-Strobel (2014)) was intended to provide supportive evidence or 

instead was used in any direct way in the model, and most importantly how the results were 

obtained. Given the lack of both important detail and a narrative that connects such detail into a 

coherent argument, EA (2017) were essentially demanding that the reader accept their results 

and conclusions on faith. 
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Risk Assessment Model Description 

The EA (2017) risk model was a linear equation, modified from Loss et al. (2014) and briefly 

described in the Methods section (p. 22) and in the Results section (p. 25). The equation was 

given as: 

MC = L  KC  M  Tcl  GPi

The intent with this model was to predict the number of mortalities due to collision with 

powerlines (MC). Given the apparent simplicity of this model, it would seem reasonable to 

provide both detailed explanations of all the terms on the right-hand side of the equation, and 

the logic for connecting these components into the predicted number of whooping crane 

mortalities. However, as described in greater detail below, EA (2017) provide at best partial 

explanations and very little logic. Furthermore, the notation used for several of these parameters 

was inconsistent throughout the report. 

Model Details 

First, concerning the equation that represents the Risk Assessment Model, the predicted 

quantity (i.e., the number of individuals), MC, was confusingly labelled MCP and described as a 

“collision probability” (i.e., a likelihood of collision) in several places (pp. 22, 24, 25, 26, and 28), 

though it appears from results presented in Tables 4 (p. 25) and 5 (pp. 26-27) that it was the 

expected number of whooping crane mortalities in a given year. 

Considering each of the terms on the right-hand side of the equation, only the first two (L 

(length) and KC (average power line collisions per miles per year)) were contained in the model 

presented by Loss (2014). Otherwise, the EA (2017) model dropped two terms from the Loss 

(2014) model and added three other terms (M, Tcl, and GPi) that do not appear in the Loss 

model. In more detail: 

(1) L was defined as “the total length of power lines in the R-Project that are within Whooping 

Crane (WC) stopover habitat use areas” (p. 22). This definition was further refined within 

Table 4 (p. 25) where Lt=0 was defined as “Current R project powerlines in contact with WC 

clusters” and had a value of 147 miles. Similarly, in Table 4 on p. 25, Lti was defined as 

“Future R project powerlines in contact with WC clusters, with WC carrying capacity” and 

had a value of 225 miles. The clear implication of this value, though not stated by EA, is 

that the entire length of the R-Project powerline (225 miles) would be within stopover 

habitat use areas. There was no other direct explanation of the quantity L. However, one 

might infer from the above definition and the results in Tables 4 and 5 that L had been re-

calculated for each year as the population grows, perhaps under the assumption that a 

larger population means more cranes stopping over in the vicinity of the R-Project.  If that 

was the case, the future length of line in contact with WC clusters would also depend on 

carrying capacity, though there was no such explanation in the report. In any case, EA 

(2017) does not explain the method for calculating L, or the method for assessing the 

mileage of “powerlines in contact with WC clusters.” 
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(2) �̅�� , a component of KC, was defined as “the average miles of power lines within a WC 

stopover habitat use area, which was ≤ to the average of maximum flight distance within 

its stopover habitat (this average was calculated through the maximum distance recorded 

among all the external sightings of each Whooping Cranes [sic])” (p. 22). While this 

definition lacks clarity, the calculated value was reported as 3.35 miles in Table 4 (p. 25). 

Referring back to the EA (2017) critique of the NPPD analysis (p. 6), it appears that this 

value was based on analysis of telemetry data for whooping crane clusters stopping over 

in the R-Project area. Furthermore, while not stated by EA, this value of �̅�� appears to 

imply that all of the analysis circles (p. 6) would necessarily have been centered on the R-

Project transmission line; that is, all the stopover locations (in question) would have been 

located exactly on the transmission line. Otherwise, the value would have been less than 

3.35 miles (the diameter of the circles). Such an outcome is hardly credible and raises 

further doubts about EA methods. 

(3) KC was defined as “the annual average Whooping Crane mortality rate per mile of 

powerline collisions” (p. 22) and was calculated as �̅direct power line collisions dead per year / �̅��.  In 

Table 4 (p. 25), the value of KC was given as 0.0041. There was no explanation for the 

derivation of KC. By back-calculation, �̅direct power line collisions dead per year  = KC  �̅�� = 0.0041 

3.35 = 0.013735. However, there was no further explanation for this quantity, i.e., for �̅direct 

power line collisions dead per year. Since this is a key element of the risk model, explanation as to how 

it was derived is critical to evaluating the validity of the model. As an aside, it appears that 

Table A1 within Appendix A (pp. 38-39) may have been relevant to these quantities (KC

and �̅direct power line collisions dead per year), but there was no explanation in the report of any direct 

connection. Indeed, the only mention of Appendix A was within the sub-section on model 

validation (p. 29). If these data were used for model validation, as indicated, then it would 

not have been appropriate to also use them for model development. 

(4) M was not defined within the Methodology section (p. 22), though within the results in 

Table 4 (p. 25), M was defined as the “proportion of migration time in R project area”. 

However, the value given for M within Table 4 was 1.34 indicating that it cannot be a 

proportion (which is restricted to the closed interval between 0 and 1). The report provided 

no further explanation of this quantity, how it was calculated, or how it related to the other 

components of the risk model. 

(5) Tcl was defined as a correction factor “that accounts for the number of times that WCs 

cross power lines during migration” (p. 22) and its value in Table 4 (p. 25) was given as 

2.15. There was no explanation of how this quantity was estimated or of what data might 

have been used to estimate it. That said, it is intuitively reasonable that the expected 

number of mortalities (i.e. the mean) would be directly proportional to the number of 

powerline crossings. 

(6) GPi was defined as an “index that accounts for population growth following a logistic 

pattern of growth” (p. 22), calculated as GPi = Nti/N0, where N0 was the current population 

size and Nti was the future population size (in year i). Some results for GPi were shown in 
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Table 5 (pp. 26-27) (labelled as PGI rather than GPi), though, as discussed in more detail 

below, the values do not correspond to population growth under either of the two carrying 

capacities. 

Comments on the Risk Model 

A dimensional analysis provides one way to assess a mathematically simple model such as the 

EA (2017) risk model.  In basic terms, both sides of the equation should have equal units. The 

units for MC on the left-hand side of the equation were apparently mortalities/year. On the right-

hand side of the equation, L had units of miles, and KC had units of mortalities/mile/year. 

Otherwise, GPi was unit-less given its definition (Nti/N0). As noted above, the remaining two 

parameters on the right-hand side, M and Tcl, were ambiguously defined at best (and M could 

not be a proportion, as asserted). If both were assumed to be unit-less, then this analysis would 

indicate that the equation was dimensionally correct because the product of L and KC on the 

right-hand side yielded mortalities/year, as on the left-hand side. However, a more rigorous 

dimensional analysis was not possible due to the poorly defined parameters in this model. 

Unlike the Loss et al. (2014) model on which the EA (2017) model was based, there was no 

explicit model parameter representing the combined corrections for probability of carcass 

detection, carcass removal by scavengers, and crippling bias (birds surviving long enough to 

exit the survey area). Failure to account for these factors could lead to substantial negative bias 

in model predictions. That is, if the model were otherwise correct (which cannot be determined 

based on the complete lack of explanation as to the sources of the values used), the number of 

mortalities could be underestimated. It was conceivable that these factors might be incorporated 

into parameter KC in the EA (2017) model, but since the derivation of this parameter was not 

provided, it was not possible to determine whether the potential bias had been accounted for. 

Because all of the parameters within the risk model were estimated from data, it would be 

appropriate to include an analysis of the variability in each parameter as well as the consequent 

uncertainty in predicted mortalities. However, there was no such analysis in the EA (2017) 

report. 

Additional Data & Assumptions 

Data 

According to a summary on p. 19 of EA (2017), the following essential data needed to evaluate 

collision risk were available in the USFWS Whooping Crane database and the USGS Whooping 

Crane Telemetry project database: 
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We agree with the potential value of such data, and we do not dispute that the cited databases 

contain the appropriate information. However, the EA (2017) report does not explain how the 

necessary information was extracted from these databases nor does it provide any summary of 

the parameters that would be estimated from these data. And, finally, with one exception, the 

report does not explain how the estimated parameters were integrated into the risk assessment 

model. Each of the listed data types is discussed in more detail below. 

 Habitat use range. The EA (2017) report refers to the area used, but nowhere was that 

area clearly delineated. While Figure 2 in the EA (2017) report shows the proposed R-

project transmission line, whooping crane sightings from the telemetry, and the Project 

Area as defined in the draft HCP, they do not show the analysis area used by EA (2017).  

Furthermore, there was no unambiguous explanation in the text that describes the 

analysis area. 

 Number of days in stopovers. Elsewhere in the report, it was mentioned that stopovers 

may last several days, but otherwise no parameter estimate was provided nor was there 

any explanation of how this parameter relates to the number of mortalities predicted by the 

risk model (equation above). 

 Group size. No parameter estimate was provided, nor was the parameter explicitly 

included in the model. Elsewhere in the report (top of p. 29), EA (2017) indicated that 

group size along with other factors “could be incorporated into the model” (p. 29), strongly 

suggesting that it was not currently incorporated and contradicting the EA (2017) 

statement that these would be “essential data.” 

 Daily behavior during stopovers and frequency of crossing a power line. The frequency of 

crossing a power line was an explicit parameter in the risk model, and an estimate was 

provided in Table 4. However, as noted in the Model Description, there was no explanation 

of how this parameter was estimated. 
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Mortality Data 

There was substantial discussion in the report on whooping crane mortality during migration, 

particularly, mortality associated with power lines (pp. 19-21 and pp. 23-24). However, a 

detailed critique of the data cited in this discussion was not worthwhile, because – as discussed 

above (Model Description) – the report provided no explanation of how any of these data, or any 

analyses of these data, were used to estimate the essential model parameter, KC, “the annual 

average Whooping Crane mortality rate per mile of powerline collisions.” 

Also, as noted above, the table in Appendix A contains a summary of historical data that was 

apparently used “to estimate observed mortality” (p. 38). However, the contents of this table 

were not explained within the report, it was unclear what the various column headings represent 

or how the contents of the table were calculated. And, to reiterate, there was no explicit 

connection between this table and the model parameter KC, or any other model parameter. 

Assumptions 

A summary at the bottom of p. 22 of the EA (2017) report includes the following model 

assumptions: 

The report made no clear connection between the first three of these assumptions and any 

parameter in the risk model. The fourth of these assumptions may be related to the estimated 

frequency at which whooping cranes cross power lines during stopovers (i.e., parameter Tcl in 

the risk model), but a quantitative analysis is lacking. If these assumptions had any relevance 

for the calculation of mortality associated with power lines, unambiguous explanations of those 

connections should have been presented. And, as discussed above, the site-fidelity assumption 

is unsupported. 

Comments on Results 

EA (2017) Table 4 (p. 25) and Table 5 (pp. 26-27) summarized the main results of the risk 

model. The presentation of the information in these tables raised further questions about how 

results were obtained. In Table 4, GPI0 and GPIti were not reported, so it was unclear what 

values were used in calculating the predicted mortalities for 2016 and 2068, i.e., Mc2016 and 
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Mc2068, respectively. If the values for GPI for those two years were taken from Table 5 and the 

remaining quantities were taken from Table 4, then Mc2016 = 1.74 and Mc2068 = 4.86. The former 

was very close to the value reported in Table 4, but the latter (Mc2068 ) was about 8% greater 

than the reported value. Otherwise, in Table 4, only one value for Lti was given. Presumably, 

this represented the value of L at carrying capacity, but it was unclear which carrying capacity 

was used. Also, in Table 4, the reported value of Mc2068, (i.e., 4.46) can be seen to agree with 

the reported value in the last row and last column of Table 5, that is, the number of predicted 

mortalities for the larger carrying capacity (1156) in the final year (though in Table 5, the last 

year was 2067 rather than 2068). 

EA (2017) Table 5 had other confusing features. The table caption refers to the two alternative 

carrying capacities, and the last two columns showed predicted mortalities for those two 

carrying capacities. However, only one set of predicted population sizes (Nt) and one set of 

values for PGI appear in the table. Given that there were two alternate carrying capacities, there 

should be two sets of Nt and PGI, one for each carrying capacity. Furthermore, if the equation 

for logistic growth shown at the top of p. 26 was used to project population size forward in time 

for each of the two carrying capacities, neither set of projections agreed with the values of Nt in 

Table 5. Projected population sizes for the smaller carrying capacity were smaller than those in 

Table 5, while projected sizes for the larger carrying capacity were larger than those in the table. 

Therefore, it was unclear that the columns representing Nt and PGI had any relevance for 

predicted mortality. 

Overall Assessment of Model Results 

EA (2017) provide little logic for the construction of their risk model, and they provide 

inadequate explanations of how most of the model parameters were estimated. Therefore, given 

this lack of internal coherence, it was impossible to assess whether the calculations leading to 

the results were correct. 

Ecosystems Advisors Comments on Effectiveness of Bird Flight Diverters 

EA (2017) ultimately concluded that estimates from their collision risk model, “even with the use 

of diverters” would be between 1.5 and 3.8 collisions per year (p. 31). The report did not include 

any indication diverters were incorporated into the collision model in the methods section for the 

model. Since it was not described how the effectiveness of flight diverters was included in the 

EA collision risk model, e.g., the word diverter is not mentioned in the report between pages 3 

and 23, it is doubtful EA actually made a quantitative evaluation of risk with diverters in place. 

EA (2017) asserted “While the use of bird flight diverters may reduce this risk by up to 50% for 

other birds, these devices are less effective for cranes, and would likely reduce Whooping 

Crane collisions by a smaller or null amount, perhaps by 15%” (p.28). EA (2017) followed this 

claim with references to cited literature, but none of these references stated a 15% 

effectiveness level for flight diverters. EA (2017) stated “The science on bird flight diverters 

indicates that they may be up to 50% effective (A.P.L.I.C. 2012)” (p. 29). In fact A.P.L.I.C. 

(2012) stated “collision risk can be lowered 50% to 80% when these lines are marked”. 
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EA (2017) cited Drewitt and Langston (2008), Shaw et al. (2010), Jenkins et al. (2010) as saying 

“recent studies indicate that Whooping Cranes in particular may not be able to see these 

devices in time to allow them to effectively avoid collisions” (p. 29). Drewitt and Langston (2008) 

discussed several man-made structures and their effect on birds, and cranes were mentioned in 

the paper, but not as a specific species. Shaw et al. (2010) specifically referenced Blue Cranes 

in Africa. Jenkins et al. (2010) mentioned whooping cranes in relation to mitigation with colored 

or marked wires and the significant decrease in fatality rates due to increased lift over the wires 

that were marked as compared to unmarked wires. However, there was no discussion in this 

paper about Whooping Cranes not being able to see these devices in time to allow them to 

effectively avoid collision. These studies do not support the conclusions that EA (2017) made. 

EA (2017) referenced Drewitt and Langston (2008), Shaw et al. (2010), and Jenkins et al. 

(2010) as experts documenting that cranes may not be able to see powerline diverters while 

flying (p. 30) and furthermore, EA claimed that these authors made statements that cranes were 

looking down for forage and roosting requirements, rather than the open airspace around them. 

However, there was no support for EA’s statements in Drewitt and Langston (2008) or Shaw et 

al. (2010). Jenkins et al. (2010) mentioned morphology as a factor in a bird’s ability to see a 

power line, but did not claim cranes can‘t see the diverters. In fact, Jenkins et al. (2010) provide 

evidence of documented reductions in casualties for African Blue Crane and Grey Crowned 

Cranes with the use of diverters. 

EA (2017) cited Janss and Ferrer (1998), Janss and Ferrer (2000), and Drewitt and Langston 

(2008) in stating “Several studies have therefore concluded that these devices are below the 

limit of visual resolution and/or are not seen until well after the point at which larger birds, like 

cranes, can react in time to avoid the lines" (p. 30). This statement was unsupported by the 

literature cited. Janns and Ferrer (1998) documented bustards not responding well to power-line 

diverters, but did not mention whooping cranes in the article. These authors did mention 

common cranes and actually found the results of powerline diverters in regards to common 

cranes as “convincing” however, statistically not significant. Janss and Ferrer’s (2000) article 

also did not support the statement EA (2017) made in this bullet point. The study took place in 

Spain and involved the common crane and great bustard, and made no mention of cranes not 

seeing power-line diverters. EA (2017) also referenced Drewitt and Langston (2008) in regards 

to the above statement, however, Drewitt and Langston (2008) made no statements to support 

EA (2017) use of this citation. 

EA (2017) referenced Martin and Shaw (2010) in regards to the visual information extraction of 

birds and the comprehensive visual coverage and blind areas, which were both statements that 

were supported in the Martin and Shaw (2010) article. However, the subsequent conclusion EA 

(2017) made was not supported by Martin and Shaw (2010). EA concludes: “This makes it hard 

for them to see bird flight diverters, and suggests that they are much less than 50% effective for 

cranes (most studies find diverters to be 50% effective generally, but that is for all bird species)” 

(p. 30). WEST did not find support for this conclusion in Martin and Shaw (2010). In general, this 

section of the EA (2017) report does not support the EA claim that bird flight diverters “are less 
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effective for cranes, and would likely reduce Whooping Crane collisions by a smaller or null 

amount, perhaps by 15%” (p.28). 

VALIDITY OF CONCLUSIONS 

Given the incoherent presentation of both methods and results for the collision model presented 

in this report, the validity of the conclusions based on those results was questionable at best. 

For instance, EA (2017) concludes that “this Project . . . presents a significant risk of collision 

harm” (p. 28). Of course, if the number of mortalities had been overestimated, then the 

conclusion of significant risk may be unjustified. 

EA (2017) also concluded that take of whooping cranes due to the Project “could jeopardize the 

species” (p. 28). This conclusion was not based on any analysis of the impact of the take, for 

instance, a detailed analysis of the consequences of take for population viability. Therefore, 

even if the take estimates were accurate, it was not evident that such take would cause 

jeopardy. This conclusion represents opinion without any basis in the results. 
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Clayton Derby, Chief Services Officer/Project Manager

PROFESSIONAL EXPERIENCE

2016-Present Chief Services Officer/Project Manager, Western EcoSystems Technology, 
Inc., Bismarck, North Dakota

2005-2015 

1995-2005 

Senior Manager/Project Manager, Western EcoSystems Technology, Inc., 
Bismarck, North Dakota 
Wildlife Biologist/Project Manager, Western EcoSystems Technology, Inc. 
Cheyenne, Wyoming 

1994 Wetland Ecology Teaching Assistant, University of Wyoming, Laramie 
Wyoming 

1994 General Biology Teaching Assistant, University of Wyoming, Laramie, 
Wyoming 

1992-1995 Graduate Research Assistant, University of Wyoming, Laramie, Wyoming 
1992 Environmental Technician, Falkirk Mining Company, Underwood, North 

Dakota 
1988-1992 Research Assistant, North Dakota State University, Fargo, North Dakota 

EDUCATION 

M.S.  
University of Wyoming 
Laramie, Wyoming 
1995 
Zoology 

B.S. 
Moorhead State University 
Moorhead, Minnesota 
1992 
Biology 

SCIENTIFIC ORGANIZATION 
MEMBERSHIP 

The Wildlife Society 

SPECIALTY AREAS

Mr.  Derby serves as the Chief Services Officer (CSO) for WEST; in this role he is 
responsible for ensuring quality standards and client satisfaction. Mr. Derby assists in 
leading national business development and internal and external teaming opportunities for 
the retention and development of new business. 

Project Management: Mr. Derby has been the project manager for wind energy 
development projects throughout the country, several large and involved multi-state natural 
gas, crude oil, and natural gas liquid pipeline development projects in the western and 
Midwestern U.S., and numerous other projects throughout the country.  As project manager, 
Mr. Derby has insured that the federal and state listed species, wildlife, wetland, vegetation 
surveys and reviews are completed on time, in budget, and to the resource agencies and 
client’s high demands.  As part of managing numerous projects from across the country, Mr. 
Derby has worked with resource agencies and development personnel to address the 
biological and regulatory needs of many species including the whooping crane, eagles, 
piping plovers, least terns, and other state and/or federally listed species. 

Cooperative Agreements and Consensus Building: Mr. Derby was the Assistant 
Executive Director to the Platte River Endangered Species Partnership.  Mr. Derby has 
experience facilitating meetings, consensus building and coordinating with representatives 
from the States of Nebraska, Wyoming, Colorado, Department of the Interior, water users, 
and environmental organizations.  This work involved working with and building consensus 
among a very diverse group of stakeholders and interested parties related to pallid 
sturgeon, least terns piping plovers and whooping cranes.  Mr. Derby has provided several 
presentations on whooping crane habitat use at international meetings and prepared 
habitat management methods documents and monitoring protocols for targeted threatened 
and endangered species. Mr. Derby has served on an expert elicitation panel for whooping 
crane habitat use in Nebraska (Hefley, T. & Baasch, D. & Tyre, A. and E Blankenship. 
(2015). Use of opportunistic sightings and expert knowledge to predict and compare 
whooping crane stopover habitat: Species distribution model for whooping cranes. 
Conservation Biology. 29. 10.1111/cobi.12515.) 

Wildlife Studies: Mr. Derby has conducted numerous wildlife studies, including general 
wildlife observations and census studies for natural gas pipelines, wind energy 
developments, highway corridor projects and reclaimed coal mine land; conducting breeding 
bird counts of song birds, waterfowl, upland birds, and raptors; nest searching and nest 
monitoring of waterfowl; small mammal identification surveys and trapping; prairie grouse 
lek counts; aerial surveys for big game and raptor nests; black-footed ferret searches; 
aquatic macroinvertebrate and habitat bioassessments; and wetland delineations. 

Fisheries and Piscivorous Bird Research: Mr. Derby has extensive field research 
experience investigating food habitats of cormorants and pelicans.  Experience in fish 
habitat investigations, macroinvertebrate sampling, water quality investigations and fish kill 
investigations. 



ADDITIONAL TRAINING

1996  ASTM Phase I Environmental Site Assessment Training, Denver, Colorado 
1998  Black-Footed Ferret Survey Techniques, USFWS, Laramie, Wyoming 
2000 Field identification for Colorado butterfly plant and Ute ladies tresses, Wyoming 

Natural Diversity Database, Laramie, Wyoming 

SELECTED PROFESSIONAL PUBLICATIONS AND PRESENTATIONS

Derby, C.E., S. Howlin, and D. Strickland. 2008. Whooping Crane Migrational Habitat Use 
during the Cooperative Agreement Period, 2001-2006 Central Platte River, NE. 
Presentation for the 11th North American Crane Workgroup Proceedings. 

Derby, C.E., S.Howlin, and D. Strickland. 2004. Platte River Cooperative Agreement and 
Proposed Program: Whooping Crane monitoring and habitat use along the central 
Platte River, Nebraska, during migration 2001 and 2002. Presentation and Abstract 
for the Ninth North American Crane Workgroup Proceedings. 

Derby, C. 2006. Platte River Recovery Implementation Program - Discussions and 
Decisions Regarding Forest Management. Invited testimony to the National 
Academy of Science. 

Derby, C. and D. Strickland.  2002. The Cooperative Agreement and proposed Program: 
efforts to protect, restore, and manage habitat for least terns, piping plovers, and 
whooping cranes.  Abstract in Eighth North American Crane Workgroup 
Proceedings. 

Derby, C.E. 2001. The Cooperative Agreement Monitoring and Research. Presented at the 
11th Platte River Symposium, Kearney, Nebraska. 

Derby, C.E. and D. Strickland. 2001. The Cooperative Agreement Extension Period. 
Presented at the 11th Platte River Symposium, Kearney, Nebraska. 

Derby, C.E. and D. Strickland. 2000. The Cooperative Agreement and proposed Program: 
efforts to protect, restore, and manage habitat for least terns, piping plovers, and 
whooping cranes. Presented at Eighth North American Crane Workshop, 
Albuquerque, New Mexico. 

Lovvorn, J.R., D. Yule, and C.E. Derby.  1999.  Greater predation by double-crested 
cormorants on cutthroat versus rainbow trout fingerlings stocked in a Wyoming 
river.  Canadian Journal of Zoology 77:1984-1990. 

Johnson, G.D., M.D. Strickland, J.P. Buyok, D.P. Young, Jr., and C.E. Derby.  1999.  
Quantifying impacts to riparian wetlands associated with reduced flows along the 
Greybull River, Wyoming. Wetlands 19:71-77. 

Derby, C.E. 1999. The Cooperative Agreement and proposed Program. Invited speaker at 
the 1999 Nebraska Wildlife Federation Annual Meeting, Lincoln, Nebraska. 

Derby, C.E., and J.R. Lovvorn.  1997.  Predation on fish by cormorants and pelicans in a 
coldwater river: a field and modeling study.  Can. J. Fish. Aquat. Sci. 54:1480-1493

Derby, C.E., and J.R. Lovvorn. 1997. Comparison of pellets versus collected birds for 
sampling diets of double-crested cormorants. Condor 99:549-553. 

Derby, C.E., and J.R. Lovvorn. 1995. Predation of fish by cormorants and pelicans in a 
coldwater river. Presented at 1995 Annual Conference of The Wildlife Society, 
Portland, Oregon. 

Derby, C.E. 1995. Predation of fish by cormorants and pelicans in a coldwater river. M.S. 
Thesis Defense, Univ. Wyoming, Laramie. 

Derby, C.E., and J.R. Lovvorn. 1995. Predation of fish by cormorants and pelicans on the 
North Platte River. Presented at the American Fisheries Society, Colorado-
Wyoming Chapter annual meeting, Casper, Wyoming. 

Derby, C.E., and J.R. Lovvorn. 1994. Predation of fish by cormorants and pelicans on the 
North Platte River. Presented at The Wildlife Society, Wyoming State Chapter 
annual meeting, Casper, Wyoming. 

Derby, C.E. 1994. Estimation of trout and other fishes consumed by double-crested 
cormorants in the North Platte River, based on population energy requirements and 
food habits. Department of Zoology Seminar, Univ. 



Shay Howlin, Consulting Biometrician

PROFESSIONAL EXPERIENCE

1999-Present Consulting Biometrician, Western EcoSystems Technology, Inc., Cheyenne, 
Wyoming 

1997-1999 Research Assistant, Environmental Protection Agency, Western Ecology 
Branch 

1998-1999 Teaching Assistant, Department of Statistics, Oregon State University, 
Corvallis, Oregon 

1997 Research Field Assistant, Forest Science Department, Oregon State 
University, Corvallis, Oregon 

EDUCATION 

M.S. 
Oregon State University 
Corvallis, Oregon 
1999 
Statistics 

B.S. 
The Pennsylvania State University 
University Park, Pennsylvania 
1993 
Wildlife & Fisheries Science

SPECIALTY AREAS

Ecosystem Monitoring: Shay has experience designing study plans and analyzing data 
from ecological monitoring studies. While working with the Technical Committee of the 
Platte River Endangered Species Partnership, Shay designed and tested study protocols 
for monitoring reproduction by least tern and piping plover, for monitoring habitat use of 
migrating whooping cranes on the central Platte River. 

Data Analysis: Shay has conducted extensive data analysis as a consultant for WEST. 
She has applied numerous statistical techniques to ecology including generalized linear 
models, multivariate methods, resource selection and sampling. Shay has been involved in 
multiple projects estimating survival of animals using proportional hazard survival models. 

SELECTED PROFESSIONAL PUBLICATIONS
Baasch, D.M., P.D. Farrell, S. Howlin, A.T. Pearse, J.M. Farnsworth, and C.B. Smith. 

Whooping Crane Use of Riverine Stopover Sites within the North-central Great 
Plains, USA, In Prep. 

Prosser, D.J., J. L. Nagel, S. Howlin, P. R. Marban, D. D. Day, and R. M. Erwin. 2017.  
Measuring the effects of local shoreline and subestuary watershed condition on 
waterbird use:  influences of geography, scale, and season in the Chesapeake Bay 
region. Estuaries and Coasts DOI: 10.1007/s12237-017-0288-0. 

Suring, L.H., K. A. Murphy, S. Howlin, and K. Preston. 2017. Modeled Distribution of 
Human Use and Potential Wildlife Disturbance in Western Prince William Sound. In: 
A.J. Poe and R. Gimblett, eds. Sustaining Wildlands: Integrating Science and 
Community in Prince William Sound. The University of Arizona Press. 

Ballachey,B.E.,D.H. Monson, K.A. Kloecker,G.G. Esslinger,F.C. Mohr, T.P. Lipscomb, 
M.J.Murray, and S. Howlin. 2014. Synthesis of nearshore recovery following the 1989 
Exxon Valdez oil spill: Sea otter liver pathology and survival in Western Prince William 
Sound, 2001 - 2008, Exxon Valdez Oil Spill Restoration Project Final Report 
(Restoration Projects 070808 and 070808A), U.S. Geological Survey, Alaska Science 
Center, Anchorage, Alaska. 

Rochefort, R. M., M. M. Bivin, J. R. Boetsch, L. Grace, S. Howlin, S. A. Acker, C. C. 
Thompson, and L. Whiteaker. 2012. Alpine and subalpine vegetation monitoring 
protocol for the North Coast and Cascades Network. Natural Resource Report 
NPS/NCCN/NRR—2012/570. National Park Service, Fort Collins, Colorado. 

Rochefort, R. M., M. M. Bivin, J. R. Boetsch, L. Grace, S. Howlin, S. A. Acker, C. C. 
Thompson, and L. Whiteaker. 2012. Prairie vegetation monitoring protocol for the 
North Coast and Cascades Network. Natural Resource Report NPS/NCCN/NRR—
2012/538. National Park Service, Fort Collins, Colorado. 

Nielson, R.M., L.L. McDonald, J.P. Sullivan, C. Burgess, D.S. Johnson, D.H. Johnson, S. 
Bucholtz, S. Hyberg, and S. Howlin. 2008. Estimating the response of ring-necked 
pheasants (Phasianus colchicus) to the Conservation Reserve Program. The Auk 
125(2): 434-444. 

Suring, L.H., S.D. Farley, G.V. Hilderbrand, M.I. Goldstein, S. Howlin, W.P. Erickson. 2006. 
Patterns of landscape use by female brown bears on the Kenai Peninsula, Alaska. 
Journal of Wildlife Management. 70(6) 1580-1587. 

Ostrand, W. D., T.A. Gotthardt, S. Howlin and M.D. Robards. 2005. Habitat selection 



models for Pacific Sand Lance (Ammodytes hexapterous) in Prince William Sound, 
Alaska. Northwestern Naturalist. 86(3): 131-143. 

Hughes, R.M., S. Howlin, and P.R. Kaufmann. 2004. A biointegrity index (IBI) for coldwater 
streams of Western Oregon and Washington. Transactions of the American Fisheries 
Society 133:1407-1515. 

Ostrand, W. D., S. Howlin, and T. A. Gotthardt. 2004.  Fish School Selection by Marbled 
Murrelets in Prince William Sound, Alaska: Responses to Changes in Availability.  
Marine Ornithology.  32: 69-76. 

Hagar, J., S. Howlin, and L. Ganio. 2004.  Short-term Response of Songbirds to 
Experimental Thinning of Young Douglas-fir Forests in the Oregon Cascades.  Forest 
Ecology and Management 199: 333-347. 

Ballachey, B.E., J.L. Bodkin, S. Howlin, A.M. Doroff, and A.H. Rebar.  2003.  Correlates to 
survival of juvenile sea otters in Prince William Sound, Alaska, 1992-93.  Canadian 
Journal of Zoology 81: 1494-1510. 

Erickson, W.P., T.L. McDonald, K. Gerow, J. Kern and S. Howlin.  2001.  Statistical issues 
in resource selection studies with radio-marked animals. Pages 209-242 in J. J. 
Millspaugh and J. M. Marzluff, editors. Radio Tracking and Animal Populations. 
Academic Press, San Diego, California, USA. 

PROFESSIONAL REPORTS 
Howlin, S., L. Jeroue. 2017. Analysis Methods for Whitebark Pine Monitoring Data. 

Prepared for National Park Service North Coast and Cascades Network. Prepared by 
Western Ecosystems Technology, Inc. Laramie, Wyoming. March 2017. 

Howlin, S., K. Nasman. 2016. Correlates of Whooping Crane Habitat Selection and 
Trends in Use in the Central Platte River, Nebraska. Prepared for the Platte River 
Recovery and Implementation Program. Prepared by Western Ecosystems 
Technology, Inc. Laramie, Wyoming. June 2017. 

Howlin, S., J. Mitchell. 2016. Monitoring Black-tailed Prairie Dogs in Colorado with the 
2015 NAIP Imagery. Prepared for the Western Association of Fish and Wildlife 
Agencies. Prepared by Western Ecosystems Technology, Inc. Laramie, Wyoming. 
December 2016. 

Howlin, S., J. Mitchell. 2016. Analysis Methods for Prairie Vegetation Monitoring Data. 
Prepared for National Park Service North Coast and Cascades Network. Prepared by 
Western Ecosystems Technology, Inc. Laramie, Wyoming. November 2016. 

McDonald, L. J. Mitchell, S. Howlin, and C. Goodman. 2015. Range-wide monitoring of 
black-tailed prairie dogs in the United States: Pilot Study. Prepared for the Western 
Association of Fish and Wildlife Agencies. Prepared by Western Ecosystems 
Technology, Inc. Laramie, Wyoming. December 2015. 

Howlin, S., A. Telander, and L.A. Starcevich. 2015. A Statistical Evaluation of Trinity River 
bed mobility and bed scour data, WY 2010-2013. Prepared for the Trinity River 
Restoration Program. Prepared by Western Ecosystems Technology, Inc. Laramie, 
Wyoming. January 2015. 

Howlin, S., A. Telander, and L.A. Starcevich. 2015. An Analysis of Power to Estimate 
Trends in Invasive Plant Cover Area in the Mediterranean Coast Network. Prepared 
for National Park Service Mediterranean Network. Prepared by Western Ecosystems 
Technology, Inc. Laramie, Wyoming. April 2015. 

Burger, A.E., B. Hansen, E.A. Stewart, D. Bellefleur, D. Edwards, H.R. Carter, S. Howlin, 
and A.J. Gaston.  2006.  Population trends of the Marbled Murrelet Evident from At-
Sea Surveys in British Columbia.  Appendix E in Status Review of the Marbled 
Murrelet (Brachyramphus marmoratus) in Alaska and British Columbia.  USGS Open 
file report 2006-1387. 

Piatt, J., G. Drew, M. Arimistu, S. Howlin, and L. McDonald.  2006.  Comparison of Two 
Large-Scale Surveys for Brachyrampus Murrelets in Southeast Alaska.  Appendix F in 
Status Review of the Marbled Murrelet (Brachyramphus marmoratus) in Alaska and 
British Columbia.  USGS Open file report 2006-1387. 



Christopher S. Nations, Research Biometrician

PROFESSIONAL EXPERIENCE

1999-Present Research Biometrician, Western EcoSystems Technology, Inc., Cheyenne, 
Wyoming 

1998-1999 Research Scientist, Department of Zoology & Physiology, University of 
Wyoming, Laramie, Wyoming 

1995-1998 Graduate Teaching Assistant, Department of Statistics, University of 
Wyoming, Laramie, Wyoming 

1994-1995 Biological Technician, Intermountain Research Station, USDA Forest 
Service, Laramie, Wyoming 

1990-1994 Graduate Teaching Assistant, Department of Zoology & Physiology, 
University of Wyoming, Laramie, Wyoming 

1983-1990 Research Specialist, Respiratory Physiology Program, Harvard School of 
Public Health, Boston, Massachusetts 

EDUCATION 

M.S.  
University of Wyoming 
Laramie, Wyoming 
1998 
Statistics 

M.S.  
University of Wyoming 
Laramie, Wyoming 
1994 
Zoology 

B.S. 
University of North Carolina 
Chapel Hill, North Carolina 
1981 
Zoology 

PROFESSIONAL SERVICE 

American Statistical Society 

Ecological Society of America 

SPECIALTY AREAS

Statistical Analysis and Modeling: Experience in a variety of techniques in ecological 
statistics: sampling design; capture-recapture and band-recovery estimation of survival and 
population size; resource selection for diverse animals such as elk, passerines, and snakes; 
home range estimation based on telemetry data; statistical and mathematical models for 
animal movement; and, population modeling including age- and stage-based matrix 
methods, and demographic sensitivity analysis.  Training and experience in multivariate 
methods, survival analysis, linear models including mixed models, generalized linear 
models, and computer intensive techniques including bootstrapping, simulation, and 
nonlinear optimization. 

Wind Power Studies. Design of a mathematical model for quantifying probability of turbine 
collisions for whooping crane and marbled murrelet, including analysis of parameter 
sensitivity. Analysis of visual survey data. Marine radar studies of local bird and bat flight 
patterns. Development of new methods for analysis and presentation of marine radar data, 
including estimation of and adjustment for detection probability. NEXRAD studies of larger-
scale bird migration, including development of specialized software for automated analysis 
of large quantities of NEXRAD data. Developed software for automated classification of 
acoustic data from passive remote bat detectors. Quantitative avian risk assessment. 

KEY PROJECT EXPERIENCE 

2007-2014   Client:  Shell Exploration and Production Company (WEST sub-contracts 
to Greeneridge Sciences, Inc.)  This work has assessed the effects of noise from offshore 
oil exploration and development on bowhead whale behavior and migration in the Beaufort 
Sea.  Post-processing of acoustic data includes characterization of anthropogenic sounds 
and localization of calling whales.  Recent analyses have used generalized linear models to 
examine the relationship between whale calling rate and received sound levels from airguns 
and drilling operations. 

2010-2014 Clients: American Wind Energy Association, Buckeye Wind, EDP 
Renewables, Fowler Ridge Wind Farm, and Invenergy  Habitat Conservation Plans 
(HCPs) for terrestrial wind development.  A portion of the impact assessment in each case 
has entailed mathematical/statistical modeling of migration of endangered species 
(whooping cranes and Indiana bats) and the potential effects of encounters with wind 
projects during migration. 

2006-2007  Client:  Florida Power & Light (WEST subcontracted to AECOM/ENSR)  As 
part of a quantitative avian risk assessment for the Long Island Offshore Wind Project, 
WEST analyzed and synthesized results from multiple independent surveys of bird activity: 
visual surveys (both aerial and boat-based), marine radar studies (both land-based and 
boat-based), and NEXRAD studies.  New methods were developed for analysis of marine 
radar data, including estimation of and adjustment for detection probability. A mathematical 
model was designed for estimating the probability of bird collisions with offshore wind 
turbines. 



SELECTED PROFESSIONAL PUBLICATIONS

Nations, C.S. and D.P. Young.  In preparation.  Modeling encounters between migrating 
bats and wind projects. 

Blackwell, S.B., C.S. Nations, T.L. McDonald, A.M. Thode, D. Mathias, K.H. Kim, C.R. 
Greene, Jr., and A.M. Macrander.  In preparation.  The effects of airgun sounds on 
bowhead whale calling rates: evidence for two behavioral thresholds. 

Blackwell, S.B., C.S. Nations, T.L. McDonald, C.R. Greene Jr, A.M. Thode, M. Guerra, and 
A.M. Macrander. 2013. Effects of airgun sounds on bowhead whale calling rates in the 
Alaskan Beaufort Sea. Marine Mammal Science 29:E342-E365. 

Thode, A.M., K.H. Kim, S.B. Blackwell, C.R. Greene, C.S. Nations, T.L. McDonald, and 
A.M. Macrander. 2012. Automated detection and localization of bowhead whale sounds 
in the presence of seismic airgun surveys. Journal of the Acoustical Society of America 
131:3726-3747. 

McDonald, T.L., W.J. Richardson, C.R. Greene, Jr., S.B. Blackwell, C.S. Nations, R.M. 
Nielson, and B. Streever. 2012. Detecting changes in the distribution of calling 
bowhead whales exposed to fluctuating anthropogenic sounds. Journal of Cetacean 
Research and Management 12:91-106. 

Kuletz, K.J., C.S. Nations, B. Manly, A. Allyn, D.B. Irons, and A. McKnight. 2011. 
Distribution, abundance and population trends of the Kittlitz’s murrelet Brachyramphus 
brevirostris in Prince William Sound, Alaska. Marine Ornithology 39: 97-109. 

Wilk, R.J., M.G. Raphael, C.S. Nations, and J.D. Ricklefs. 2010. Initial response of small 
ground-dwelling mammals to forest alternative buffers along headwater streams in the 
Washington Coast Range, USA. Forest Ecology and Management 260:1567-1578. 

Jones, S.L., C.S. Nations, S.D. Fellows, and L.L. McDonald. 2008. Breeding abundance 
and distribution of long-billed curlews (Numenius americanus) in North America. 
Waterbirds 31:1-14. 
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Hayward, G.D., D.G. Miquelle, E.N. Smirnov, and C.S. Nations.  2002.  Monitoring Amur 
tiger populations: characteristics of track surveys in snow. Wildlife Society Bulletin 
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Nations, C.S. and M.S. Boyce.  1997.  Stochastic demography for conservation biology.  In:  
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Tuljapurkar and H. Caswell (eds.), Chapman and Hall, New York. 
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WHOOPING CRANE TELEMETRY DATA ANALYSIS 

 

 

Task 1: Summary of Whooping Crane Telemetry Data 

General description of data collected including types, frequencies, and associated error/uncertainty.  

We used GPS data collected from 58 unique whooping cranes that were captured and fitted with platform 

transmitting terminals (transmitters) with global position system (GPS) capabilities at Wood Buffalo 

National Park and sites along the Texas Gulf Coast. Transmitters were programmed to record 4–5 GPS 

locations daily at equal time intervals, which provided daytime and nighttime locations (Pearse et al. 

2015). Pearse et al. (2016) did an evaluation of the accuracy/error of the GPS locational data provided by 

the transmitters and we found this error to be approximately 10 m, which is very small relative to the 

distance metrics included in our assessments. Locations known as “doppler data” were not included in our 

assessments due to the relatively large error (average ±4.063 km; range 0.145–26.458 km; unpublished 

data) known to exist in these data. Data used in our assessments were collected within our study area 

(between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the North Dakota-Canada 

border) between March 2010 – April 2017.  

We also used a subset of these data that were associated with stopover sites that were evaluated in the 

Program’s Stopover Study, 2013–2015. This dataset included 4,937 locations from 43 unique individuals 

within 520 stopover sites that were evaluated within the U.S. (See ‘2013-2015 Stopover Study Locations 

Distance to Powerline (FINAL)’ and ‘Metadata for 2013-2015 Stopover Study Locations Distance to 

Powerline (FINAL)’. 

Summary of marked population with functioning transmitters during migration in relation to total 

population including the number of marked birds and age structure per migration season and throughout 

the duration of the study. 

Capture and marking of wild whooping cranes began in December 2009 and concluded in February 2014. 

They captured one juvenile and one adult crane in 2009, one adult crane in January 2011, 11 adult cranes 

during late November and early December 2011, one juvenile and 11 adult cranes during late November 

2012 through early January 2013, and 11 adult cranes during late January and early February 2014 along 

the Gulf Coast of Texas. Capture teams also marked 9 juvenile cranes during August 2010, 12 juvenile 

cranes during August 2011, and 10 juvenile cranes during July and August 2012 at Wood Buffalo 

National Park in Canada (USGS 2016). During the course of the telemetry tracking project, juveniles 

advanced to sub-adults and adults advanced to adults as they aged which is represented in the Excel file 

titled ‘$N30-N49 Stopover Locations (FINAL)’ and presented below by migration season (Table 1). The 

proportion of the whooping crane population with functioning transmitters that stopped within our study 

area is also presented in Table 1.
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Table 1. Numbers of marked birds that stopped within the U.S portion of the migration corridor we evaluated (between 30⁰ N latitude and 49⁰ N 

latitude which includes southcentral Texas to the North Dakota-Canada border) per migration season as compared to the estimated population size 

during each migration. Population estimates are based on annual survey results from Aransas National Refuge. Spring and fall proportions are 

calculated as the number of marked cranes that migrated and stopped within the study area during each migration divided by the population estimate 

collected nearest the migration season (e.g., fall 2009 and spring 2010 proportions are both based on the January 2010 population estimate). 

 

SP 

2010 

FA 

2010 

SP 

2011 

FA 

2011 

SP 

2012 

FA 

2012 

SP 

2013 

FA 

2013 

SP 

2014 

FA 

2014 

SP 

2015 

FA 

2015 

SP 

2016 

FA 

2016 

SP 

2017 

Juvenile 1 8 8 12 9 8 8 0 0 0 0 0 0 0 0 

Sub-Adult 0 1 1 6 7 6 5 8 8 0 0 0 0 0 0 

Adult 1 1 2 2 10 14 20 18 20 23 18 12 9 5 5 

Total Marked 

Birds  
2 10 11 20 26 28 33 26 28 23 18 12 9 5 5 

Population 

Estimate 
263 283 283 272 272 279 279 304 304 310 310 329 329 431 431 

Proportion of 

the Population 

Radio-Marked 

0.76% 3.53% 3.89% 7.35% 9.56% 10.04% 11.83% 8.55% 9.21% 7.42% 5.81% 3.65% 2.74% 1.16% 1.16% 
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List of peer reviewed publications and reports that have resulted from the whooping crane telemetry 

project.  

- Whooping Crane Tracking Partnership - 2011 breeding season and fall migration update 

- Whooping Crane Tracking Partnership - 2011 winter season and 2012 spring migration update  

- Whooping Crane Tracking Partnership - 2012 breeding season and fall migration update 

- Whooping Crane Tracking Partnership - 2012 winter season and 2013 spring migration update 

- Whooping Crane Tracking Partnership - 2013 breeding season and fall migration update 

- Whooping Crane Tracking Partnership - 2013 winter season and 2014 spring migration update  

- Whooping Crane Tracking Partnership - 2014–2015 project update 

- Whooping Crane Tracking Partnership - 2015–2016 project update 

- Pearse, A.T., D.A. Brandt, W.C. Harrell, K.L. Metzger, D.M. Baasch, and T.J. Hefley. 2015. 

Whooping crane stopover site use intensity within the Great Plains: U.S. Geological Survey 

Open-File Report 2015–1166, 12 p., http://dx.doi.org/10.3133/ofr20151166. 

- Pearse, A.T., M.J. Harner, D.M. Baasch, G.D. Wright, A.J. Caven, and K.L. Metzger. 2016. 

Evaluation of nocturnal roost and diurnal sites used by whooping cranes in the Great Plains, 

United States. Open File Report 2016–1209. https://doi.org/10.3133/ofr20161209. 

- Pearse, A.T., M. Rabbe, L.M. Juliusson, M. Bidwell, L. Craig-Moore, D.A. Brandt, and W. 

Harrell. Delineating and identifying long-term changes in whooping crane migration corridor. 

(Submitted to Conservation Biology). 

- Pearse, A.T., D.A. Brandt, B.K., Hartup, and M. Bidwell. Mortality in Aransas-Wood Buffalo 

Whooping Cranes: Timing, Location, and Causes. (Submitted for publication). 

- Baasch, D.M., P.D. Farrell, S. Howlin, A.T. Pearse, J.M. Farnsworth, and C.B. Smith. Whooping 

crane use of riverine stopover sites within the North-central Great Plains, USA. (PRRIP peer 

reviewed unpublished report). 

Task 2:  Review Ecosystems Advisor’s (2017) Report  

We performed a review of Ecosystems Advisor’s (2017) Report and focused on answering the following 

priority questions: 

1. How were Ecosystem Advisors’ Risk model input parameters derived? 

2. Are there data available to validate Ecosystem Advisors’ (2017) Risk model? 

3. What telemetry data does it appear Ecosystems Advisors (2017) used in their assessments? 

How were Ecosystem Advisors’ Risk model input parameters derived? 

Ecosystem’s Advisors (2017) appears to have estimated morality collision probability using USFWS 

historic banded individual database, with 12 cohorts of color banded birds from 1977–1988 at Wood 

Buffalo National Park and monitored for 27 years via opportunistic sightings, as well as data from Stehn 

and Haralson-Strobel (2014). Model form and input parameters are described below. Mortality collision 

probability (Mcp) was modeled as: 

Mortality collision probability (Mcp) = L * Kc* M * Tcl * GPi, where: 

L = total length of powerlines in the R-Project area that are within whooping crane stopover habitat 

use areas. 

▪ Appears to be based on the 147 miles of the proposed R-project powerline, however, this is 

not explicitly stated in the report nor is the data source referenced or provided. 

  



Final Whooping Crane Telemetry Study Report   

Page 4 of 24 

Kc = the annual average whooping crane mortality rate per mile of powerline where: 

• Kcollision= average annual powerline collisions per year/Āpl. 

▪ Average annual powerline collisions per year 

o Appears to be derived from mortality data in APPENDIX A, Table A1, but 

assumptions used to derive this number were not provided.  

o Ecosystems Advisors (2017) does not describe how they determined average annual 

powerline collisions per year in the proposed R-project area. 

o Ecosystems Advisors (2017) state 1.88 whooping cranes die per year due to 

powerline collisions during migration and that 10% of these die in the Sandhills of 

Nebraska. However, it is unclear how these numbers are used in their Collision 

Model to get average annual powerline collisions per year within the R-project area. 

▪ Āpl = average miles of powerlines located within a WC stopover habitat use area 

o It appears this number was calculated as the average maximum distance recorded 

between all sightings of individual whooping cranes within the clusters which 

assumes stopover sites are centered on the proposed powerline and movements are 

equal in all directions within the stopover site. 

M = Proportion of migration time in the R-project area 

• Ecosystems Advisors (2017) does not describe how a proportion of 1.34 was determined. 

This number does not inherently represent a proportion, as it does not fall between 0 and 1.  

Tcl = number of times WCs cross powerlines during migration 

• Not sure of the data source used or how an average of 2.15 was determined as no references 

nor the source of data of was provided. 

GPi = population growth index 

• T0 = current whooping crane population 

• Ti = whooping crane population at some time in the future 

▪ It appears only a single value (“average intrinsic rate of growth”) was used to estimate a 

logistic population growth rate at carrying capacities of 576 and 1,156 whooping cranes. 

However, past trends in the population growth rate appear to be following an exponential 

growth curve (USFWS unpublished data; Figure 1). 

 Model Validation 

It appears Appendix A – Table A1 data was used to develop parameters in Ecosystems Advisors (2017) 

Collision Model and was also used to validate their model. 
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Figure 1. Modeled whooping crane population growth projected growth based on USFWS historic data 

assuming no carrying capacity limits. 

Are there data available to validate Ecosystem Advisors’ Risk model? 

There are data available to validate certain parameters in Ecosystems Advisors (2017) model (i.e., M, 

Āpl, Tcl, Lt0, and Lti), but we do not believe there are reliable data available to validate Kc (average 

collisions with powerlines in the R-project area) in their model due to the low frequency of deaths 

associated with powerline collisions throughout the U.S. from 1956–2008 (9 known mortalities associated 

with powerlines; Stehn and Wassenich 2008). Furthermore, occurrences of mortality during migration are 

often assumed, but generally go unconfirmed. Ecosystems Advisors (2017) attempted to validate their 

collision model, but it is unclear how the validation was performed without making numerous 

assumptions that are not based on empirical data.  

Based on mortality data from Stehn and Haralson-Strobel (2014), 546 mortalities were estimated to have 

occurred between 1950 and 2009, of which 300 (55%) were estimated to have died during migration and 
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111 of the 300 (37% of migration mortalities) were reported to be associated with powerline collisions. 

However, based on the telemetry tracking project data from 2010-2015, only 16% of annual mortalities 

occur during migration, none of which were associated with powerline collisions (Table 10; Pearse et al. 

USGS peer reviewed report that has been submitted for publication).  

What telemetry data does it appear Ecosystems Advisors used in their assessments? 

It appears all telemetry project data (doppler and GPS locations) from 2010–2015 were used to estimate 

occurrence of whooping cranes in the R-project area and estimate crane use habitat area size in the R-

project area by Ecosystems Advisors (2017). However, we are uncertain of how they came up with 1,334 

locations, 31 whooping cranes, or 8 stopover sites 4 miles of the centerline of the proposed R-project 

powerline as we were unable to reproduce their dataset.  

Task 3:  Compilation, Analysis and Summaries of Satellite Telemetry Data and compare results in 

these analyses to Ecosystems Advisors (2017) assessments. 

We performed an in-depth QA/QC of the complete 2010–2017 satellite telemetry dataset. We applied 7 

filters to the raw dataset to remove spurious, redundant, or sporadic locations as well as locations that fell 

outside of what we considered the timeframe of a typical spring or fall migration season (See ‘Metadata 

for Final GPS location data’). Our raw dataset was initially comprised 14,764 GPS locations (See ‘N30-

N49 Stopover Locations (FINAL)’). We applied 7 filters to the raw dataset to remove spurious, 

redundant, or sporadic locations as well as locations that fell outside of what we considered the timeframe 

of a typical spring or fall migration season (See ‘Metadata for N30-N49 Stopover Locations (FINAL)’). 

Next, we used several criteria (speed, distance traveled between successive locations, time of day, etc.) 

and expert judgement to identify locations that were collected during a migration event and locations that 

were collected within a 20-mile radius stopover, day use, or multi-day stopover site; however, we 

deviated from the 20-mile radius stopover site criterion on a few occasions when it appeared the data 

were valid and associated with the same stopover site. This resulted in us identifying 732 locations that 

were collected during a migration event and 13,150 locations that were associated with a stopover site. 

We further identified 17 locations we classified as ‘Multi-Day’ stopover locations in our datasheet that 

included daytime locations that were collected over the course of 2 or more days at a stopover site, but no 

night time locations were associated with the stopover site. We also identified 11 locations that we 

classified as ‘Day Use’ locations that included daytime observation(s) collected at a stopover site during a 

single day, but no night time locations were associated with the stopover site. However, ‘Day Use’ and 

‘Multi-Day’ stopover locations were not handled any differently than the other 13,122 stopover locations 

that included a nighttime location. The final dataset used in our assessments included these 13,150 

locations that we were able to associate with one of the 1,399 ‘Stopover’, ‘Day Use’, or ‘Multi-Day’ 

stopover sites we identified within the study area (See ‘N30-N49 Stopover Locations (FINAL)’). 

We developed summary statistics for whooping crane telemetry data stopover locations including number 

of stopovers in the U.S. per migration season and average, minimum, and maximum duration of 

stopovers, 2010–2017 (Table 2). We calculated crane use days as the difference in days between the first 

stopover location and last stopover location. A value of 0.25 crane use days was assigned to stopover sites 

where only a single GPS location was recorded during the day (day use) and 0.50 crane use days was 

assigned to stopover sites when only a single observation was observed during the night. We also 

calculated the average, median, and 75th percentile, and maximum distances moved within and between 

stopover locations separated by ≤30 hours (Table 3) as well as average number of stopovers per bird and 

average time spent within stopovers each migration season (Table 4). We also used telemetry data to 

identify repeat uses of stopover sites (site fidelity) in Nebraska and throughout the U.S. portion of the 

migration corridor. We considered individual birds were using the same site, or a site fidelity event, when 
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the center of a stopover location was within 10 or 20 miles of the center of a previous stopover by the 

same individual during a different migration season. We evaluated site fidelity within 10 miles of the 

centroid of a previous stopover site so that the outer range of a subsequent stopover site would be in 

contact with the outer range of any previous stopover site for an individual bird (Figure 2). We evaluate 

site fidelity within 20 miles of the centroid of a previous stopover site so that the outer range of the largest 

stopover sites would be in contact with the centroid of any previous stopover site for an individual bird 

(Figure 2); however, any distance could have been used. A Fidelity Index was calculated in which the 

total number of fidelity events was divided by the total number of stopovers observed for each bird. Of 

the 58 individual birds with stopover data available, 26 birds (45%) exhibited at least one site fidelity 

event within 10 miles of a previous stopover and 36 birds (62%) within 20 miles of a previous stopover 

(Table 5). On average, throughout the U.S. portion of the migration corridor 5% of stopovers were 

considered site fidelity events within 10 miles of a previous stopover and 10% of stopovers were within 

20 miles of a previous stopover. The greatest proportion of site fidelity events observed for an individual 

was 40% within 10 miles and 48% within 20 miles of a previous stopover; however, site fidelity varied 

considerably between birds. Within Nebraska, on average 4% of stopovers were considered site fidelity 

events within 10 miles of a previous stopover and 12% of stopovers were within 20 miles of a previous 

stopover (Table 6). The greatest proportion of site fidelity events observed for an individual was 50% 

within 10 miles and 75% within 20 miles of a previous stopover; however, once again site fidelity varied 

considerably between birds. 

 

 

 

 

 

 

 

                                10 miles               10 miles                           20  miles 

 

 

 

 

 

 

 

Figure 2. Illustration of why we evaluated site fidelity within a 10 (black circles) and 20 (red dashed 

circle) mile radius of the centroid of a previous (black dot) and subsequent (blue dot) stopover site. 

Similar to Ecosystems Advisors (2017), we used GPS telemetry data and calculated the average of the 

maximum width of stopover sites as measured as the maximum distance between two use locations within 
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a stopover of the same individual from 2010–2017 (n = 1,399). We found the average of the maximum 

widths to be 2.86 miles (median = 0.45 miles; 75th percentile = 2.50 miles; range = 0.00 – 33.42 miles). 

Ecosystem Advisors (2017) used a sample size of 8 of the 15 clusters of locations they identified and 

determined the average maximum stopover site width to be 3.35 miles. Using all GPS telemetry data 

within the U.S. portion of the migration corridor we evaluated from 2010–2017, the circular area 

encompassed by the average of the maximum widths for stopover sites was smaller (1.432*π = 4,112 

acres per individual) than what Ecosystem advisors (2017) reported (1.6752*π = 5,638 acres per 

individual). When looking at the median (0.22252*π = 100 acres per individual) and 75th percentile 

(1.252*π = 3,142 acres per individual) the area encompassed by the median and 75th percentile of the 

maximum widths for stopover sites was substantially smaller. The discrepancies within the results 

obtained from average, median, and 75th percentile areas within our assessments are due to 211 extreme 

values (i.e., outliers as defined by 1.5 * the inner quartile range of the data) where the maximum use area 

widths were large (i.e., >6.18 miles; Figure 3). We also used GPS telemetry data to calculate the average 

distance of whooping crane migratory movements between documented stopovers separated by less than 

30 hours within our study area from 2010–2017 (n =) and found it to be 191.14 miles (median = 177.02; 

range = 20.37 – 651.84 miles; Table 3). Thirty hours between stopover sites was chosen to capture the 

time associated with whooping crane roosting and foraging activities one day and the subsequent day and 

to limit the potential for multiple-day movement events occurring when transmitters didn’t provide data 

where the bird could have migrated more than once. Based on GPS telemetry data, movements within 

Nebraska stopovers were similar to stopover movements within the U.S. portion of the migration corridor.  

 

 
 

Figure 3. Distribution of within-stopover-site movements within the U.S portion of the migration corridor 

we evaluated (between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the North 

Dakota-Canada border) during the Telemetry Tracking Project, 2010–2017. The “>6.00” category 

includes 214 locations with a maximum within-site movement distance of 34.42 miles.  
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Table 2. Number and average, minimum, and maximum duration of stopovers within the U.S. portion of 

the migration corridor we evaluated per migration season, 2010–2017. 

Season Year 

Number of 

Stopovers 

Average 

Stopover 

Duration (days) 

Min Stopover 

Duration (days) 

Max Stopover 

Duration (days) 

Fall 

 

2010 50 2.83 0.21 33.39 

2011 98 1.25 0.25 12.46 

2012 149 2.08 0.20 23.44 

2013 132 1.76 0.20 25.50 

2014 83 2.10 0.20 27.20 

2015 80 1.93 0.20 17.54 

2016 27 0.91 0.20 3.58 

Fall 619 1.87 0.20 33.39 

Spring 

 

2010 10 3.77 0.50 12.46 

2011 69 2.36 0.21 17.46 

2012 149 2.61 0.25 53.08 

2013 236 3.40 0.20 48.42 

2014 153 2.15 0.20 24.53 

2015 93 0.96 0.20 6.58 

2016 47 1.56 0.20 10.57 

2017 23 1.39 0.20 12.56 

Spring 780 2.45 0.20 53.08 

Spring and Fall 1,399 2.07 0.20 53.08 

 

Table 3. Average, median, 75th percentile, and maximum stopover duration and the average maximum 

radius of stopover sites as measured as one half of the maximum distance between two use locations 

within a stopover of the same individual in the U.S. and Nebraska portion of the migration corridor and 

between stopover locations separated by less than 30 hours within the U.S. and Nebraska portion of the 

migration corridor, 2010–2017. 

Variable Average Median 

75th 

Percentile Maximum 

U.S. Stopover Duration (days) 2.20 0.60 1.75 53.08 

U.S. Stopover Site Radius (mi) 1.43 0.22 1.25 16.71 

U.S. Migration Movements (mi) 191.14 177.02 269.37 651.84 

Nebraska Stopover Duration (days) 1.64 0.60 1.59 16.46 

Nebraska Stopover Site Radius (mi) 1.83 0.29 1.47 14.83 

Nebraska Migration Movements (mi)1 207.27 195.72 277.96 562.56 
1 Includes all migration movement events into, within, and out of the state of Nebraska. 
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Table 4. Numbers of radio-marked birds, stopovers, average number of stopovers, total crane use days at 

stopover locations, and average crane use days at stopovers within the U.S portion of the migration 

corridor we evaluated (between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the 

North Dakota-Canada border) during each migration season, 2010–2017. 

Season Year 

Marked 

Birds 

Number of 

Stopovers 

Average Number 

of Stopovers per 

Bird 

Total Crane 

Use Days at 

Stopovers 

Average Crane 

Use Days at 

Stopovers 

Fall 

2010 10 50 5.00 141.59 2.83 

2011 20 98 4.90 122.88 1.25 

2012 28 149 5.32 310.11 2.08 

2013 26 132 5.08 243.40 1.84 

2014 23 83 3.61 232.43 2.80 

2015 12 80 6.67 165.65 2.07 

2016 5 27 5.40 29.69 1.10 

  
Fall 

Total 
124 619 4.99 1,246 2.01 

Spring 

2010 2 10 5.00 37.65 3.77 

2011 11 69 6.27 162.71 2.36 

2012 26 149 5.73 388.46 2.61 

2013 33 236 7.15 802.03 3.40 

2014 28 153 5.46 278.93 1.82 

2015 18 93 5.17 66.56 0.72 

2016 9 47 5.22 62.58 1.33 

2017 5 23 4.60 28.12 1.22 

  
Spring 

Total 
132 780 5.91 1,827 2.34 

 Grand Total 256 1,399 5.46 3,073 2.20 
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Table 5. Total number of stopovers per bird within the U.S portion of the migration corridor we evaluated 

(between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the North Dakota-Canada 

border) as well as the number (Fidelity Events) and proportion (Fidelity Index) of stopovers identified 

within 10 or 20 miles of a previous stopover site, 2010–2017.  

Bird ID 

Total 

Stopovers 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

E51 34 10 0.29 12 0.35 

D31 50 13 0.26 15 0.30 

B08 33 7 0.21 7 0.21 

A02 44 9 0.20 15 0.34 

C13 22 3 0.14 4 0.18 

C11 16 2 0.13 2 0.13 

E49 26 3 0.12 3 0.12 

C15 35 4 0.11 9 0.26 

C19 9 1 0.11 1 0.11 

C80 64 6 0.09 13 0.20 

D37 23 2 0.09 2 0.09 

A01 36 3 0.08 8 0.22 

B07 39 3 0.08 5 0.13 

D28 29 2 0.07 4 0.14 

D25 32 2 0.06 5 0.16 

D21 38 2 0.05 5 0.13 

E48 40 2 0.05 2 0.05 

B05 21 1 0.05 1 0.05 

D33 22 1 0.05 3 0.14 

B04 50 2 0.04 9 0.18 

C12 24 1 0.04 4 0.17 

C90 25 1 0.04 3 0.12 

B06 31 1 0.03 5 0.16 

D23 31 1 0.03 5 0.16 

E52 35 1 0.03 3 0.09 

B03 37 1 0.03 4 0.11 

D30 45 1 0.02 3 0.07 

C05 22 0 0.00 2 0.09 

C09 25 0 0.00 3 0.12 

C99 25 0 0.00 1 0.04 

D24 37 0 0.00 3 0.08 

D26 14 0 0.00 1 0.07 

D32 36 0 0.00 4 0.11 

D41 26 0 0.00 4 0.15 

E44 25 0 0.00 1 0.04 

E47 30 0 0.00 1 0.03 

E56 31 0 0.00 1 0.03 

B01 3 0 0.00 0 0.00 

B09 9 0 0.00 0 0.00 

C01 8 0 0.00 0 0.00 
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Table 5. Continued. 

Bird ID 

Total 

Stopovers 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

C02 24 0 0.00 0 0.00 

C04 16 0 0.00 0 0.00 

C06 24 0 0.00 0 0.00 

C07 36 0 0.00 0 0.00 

C08 2 0 0.00 0 0.00 

C10 6 0 0.00 0 0.00 

C14 8 0 0.00 0 0.00 

C16 13 0 0.00 0 0.00 

C17 14 0 0.00 0 0.00 

C18 1 0 0.00 0 0.00 

C20 3 0 0.00 0 0.00 

D29 8 0 0.00 0 0.00 

D34 5 0 0.00 0 0.00 

D35 21 0 0.00 0 0.00 

D36 6 0 0.00 0 0.00 

D42 7 0 0.00 0 0.00 

E45 5 0 0.00 0 0.00 

E53 18 0 0.00 0 0.00 

Average 24.12 1.47 0.04 2.98 0.09 

 

Table 6. Total number of stopovers per bird within the Nebraska portion of the migration corridor as well 

as the number (Fidelity Events) and proportion (Fidelity Index) of stopovers identified within 10 or 20 

miles of a previous stopover site, 2010–2017. 

Bird ID 

Total 

Stopovers 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

E51 8 4 0.50 6 0.75 

C11 4 1 0.25 1 0.25 

D21 4 1 0.25 1 0.25 

D31 11 2 0.18 3 0.27 

E48 9 1 0.11 2 0.22 

B04 10 0 0.00 4 0.40 

B08 9 0 0.00 3 0.33 

C09 7 0 0.00 2 0.29 

A01 4 0 0.00 1 0.25 

C80 8 0 0.00 2 0.25 

C99 4 0 0.00 1 0.25 

A02 9 0 0.00 2 0.22 

D30 9 0 0.00 1 0.11 

B01 1 0 0.00 0 0.00 

B03 5 0 0.00 0 0.00 

B05 4 0 0.00 0 0.00 

B06 5 0 0.00 0 0.00 
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Table 6. Continued 

Bird ID 

Total 

Stopovers 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

B07 5 0 0.00 0 0.00 

B09 3 0 0.00 0 0.00 

C01 1 0 0.00 0 0.00 

C02 5 0 0.00 0 0.00 

C04 2 0 0.00 0 0.00 

C05 2 0 0.00 0 0.00 

C06 4 0 0.00 0 0.00 

C07 7 0 0.00 0 0.00 

C10 1 0 0.00 0 0.00 

C12 4 0 0.00 0 0.00 

C13 1 0 0.00 0 0.00 

C14 1 0 0.00 0 0.00 

C15 6 0 0.00 0 0.00 

C16 3 0 0.00 0 0.00 

C17 2 0 0.00 0 0.00 

C19 1 0 0.00 0 0.00 

C20 1 0 0.00 0 0.00 

C90 4 0 0.00 0 0.00 

D23 5 0 0.00 0 0.00 

D24 7 0 0.00 0 0.00 

D25 3 0 0.00 0 0.00 

D26 1 0 0.00 0 0.00 

D28 7 0 0.00 0 0.00 

D29 1 0 0.00 0 0.00 

D32 4 0 0.00 0 0.00 

D33 3 0 0.00 0 0.00 

D34 1 0 0.00 0 0.00 

D35 4 0 0.00 0 0.00 

D36 2 0 0.00 0 0.00 

D37 3 0 0.00 0 0.00 

D41 3 0 0.00 0 0.00 

D42 1 0 0.00 0 0.00 

E44 7 0 0.00 0 0.00 

E45 1 0 0.00 0 0.00 

E47 5 0 0.00 0 0.00 

E49 4 0 0.00 0 0.00 

E52 5 0 0.00 0 0.00 

E53 4 0 0.00 0 0.00 

E56 4 0 0.00 0 0.00 

Average 4.27 0.16 0.04 0.16 0.12 
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Table 7. Comparison of results from Ecosystems Advisors (2017) assessment within 4 miles of the 

centerline of the proposed R-project powerline and Headwaters Corporation assessments within 4 miles 

of the centerline of the proposed R-project powerline and throughout the U.S. portion of the migration 

corridor we evaluated. 

Metric 

Ecosystems Advisors1 

(within 4 miles) 

Headwaters  

(within 4 miles) 

Headwaters  
(U.S.) 

Stopover Locations 1,334 211 13,150 

Stopover Sites2 8 16 1,399 

Whooping Cranes 31 13 58 

Stopover Radius3 1.675 miles 3.42 miles 1.43 miles 

Stopover Area4 5,638.4 acres 23,520 acres 4,112 acres 

Average Site Fidelity4 High 0% - 19% 4% - 9% 

Within Site Movements5 10.5 miles 2.52 miles 3.19 miles 

Migration Mortality6  High 0% 16% 
1 Uncertain of the datasets used in Ecosystems Advisors (2017) assessments. We used GPS telemetry data, 2010–

2017 in all of our assessments and included all stopover locations associated with a stopover site with any location 

within 4 miles of the centerline of the proposed R-project powerline which increase our count by 13 locations that 

were outside of this area.  

2 Total number of stopover sites for the 1,334 locations was not defined by Ecosystems Advisors (2017), however 

they state they based their assessments on 8 of the 15 clusters of locations they identified.  

3 We used GPS telemetry data and calculated the average of the maximum widths of stopover sites as measured as 

the maximum distance between two use locations within a stopover of the same individual.  

4 The 0% and 4% were based on a 10-mile radius and the 19% and 9% were based on a 20-mile radius for our 

assessments. It is unclear how Ecosystems Advisors (2017) determined site fidelity events. 

5 We reported the 95th percentile of within-site movements while Ecosystems Advisors (2017) stated “whooping 

cranes often move short distances up to 10.5 miles back and forth between feeding and foraging locations.” 

6 Pearse et al. (USGS peer reviewed report that has been submitted for publication) found mortality to be 

proportional to time whooping cranes spend during migration (16%) and on the wintering (43%) and breeding 

grounds (41%) for all radio-marked whooping cranes with no mortalities documented within 4 miles of the 

centerline of the proposed R-project powerline. Ecosystem Advisors (2017) state “…up to 50% of juveniles 

may be killed during fall migration” and that “…80% of whooping crane mortalities occur off the wintering ground 

and likely occur during migration.”  

How does Ecosystems Advisors data appear to differ from what was used in our assessments and what 

would be the potential implications?  

Our assessments included QA/QC’d GPS location data collected during the 2010 – 2017 Whooping 

Crane Tracking Project. It appears Ecosystems Advisors (2017) used the historic USFWS observations, 

Whooping Crane Tracking Project data 2010–2015 (including GPS and doppler data), and historic 

information from whooping cranes banded during 1977–1988 and tracked through 2009 in their 

assessments. 

o Implication 1: More spatial locations within the defined R-project area due to the apparent 

inclusion of USFWS historic observation data, banded individual data, and the telemetry tracking 

project GPS data and doppler data which, as mentioned above has a high degree of uncertainty 

and error. 

o Implication 2: Increased mortality risk due to powerlines derived from the banded individual data 

as opposed to telemetry data (3 of 19 deaths or 16% during migration with 0 associated with 

powerlines). 
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o We found smaller use areas associated with stopovers throughout U.S. portion of the migration 

corridor we evaluated than Ecosystems Advisors (2017) did; however, within 4 miles of the 

centerline of the proposed R-project powerline use areas were much larger. Based on Ecosystems 

Advisors’ (2017) Collision Model, it appears increasing the use area size vastly decreases the 

estimated collisions per year within the R-project area.  

Task 4:  Summarize telemetry-data derived movements in relation to the R-Project powerline 

We evaluated the Program’s stopover study data (2013–2015) with respect to distance to powerlines 

including data from 43 individual whooping cranes and 4,937 use locations within 520 stopover sites. 

Powerlines were classified into 7 categories including ‘major thick over thin’, ‘major thin over thick’, 

‘major unspecified’ ‘minor same thickness’, ‘minor thick over thin’, ‘minor thin over thick’, and ‘minor 

unspecified’. All classes of major powerline supported ≥5 lines or were identified as transmission lines 

and all classes of minor powerlines supported <5 powerlines. There were 1,672 instances where there we 

no powerlines identified within the 1-mile radius of the associated roost location (Table 8). There were 

157 instances where a powerline classified as a ‘major powerline’ was closest to the use location and the 

average distance to these powerlines was 713 m (range 16–1,605 m). There were 3,107 instances where a 

powerline classified as a ‘minor powerline’ was closest to the use location and the average distance to 

these powerlines was 796 m (range 3–1,603 m). For use locations within the 1-mile buffer of an evaluated 

roost location, few were located within 200 m of any powerline and the distribution of distances were 

otherwise similar for all major and minor powerline types (Figure 3). We also evaluated use locations that 

had any type of major powerline within the 1-mile buffer of evaluated roost locations and found this 

occurred 493 times with an average maximum distance to a major powerline of 1,069 m (range = 16–

1,608 m; Table 9). The average distance to a major powerline within all stopovers was 936 m (range = 

105–1,552 m).  

Table 8. Number of use locations that occurred within a 1-mile radius of any powerline during the 

Program’s Stopover Study as well as minimum, average, and maximum distance to any powerline within 

those buffers. 

Powerline Type 

Count of Use 

Locations 

Minimum 

Distance (m) 

Average 

Distance (m) 

Maximum 

Distance (m) 

No Powerline 1,672 NA NA NA 

Major Thick Over Thin 5 890 942 1,021 

Major Thin Over Thick 127 16 743 1,605 

Major Unspecified 26 259 454 755 

Minor Same Thickness 2,899 3 779 1,603 

Minor Thick Over Thin 3 811 862 956 

Minor Thin Over Thick 160 197 817 1,580 

Minor Unspecified 45 91 725 1,376 

 

Table 9. Number of use locations that occurred within a 1-mile radius of any ‘major powerline’ during 

the Program’s Stopover Study as well as minimum, average, and maximum distance to any ‘major 

powerline’ within those buffers. 

Powerline Type 

Count of Use 

Locations 

Minimum 

Distance (m) 

Average 

Distance (m) 

Maximum 

Distance (m) 

No Major Powerline 4,444 NA NA NA 

Major Thick Over Thin 11 888 1,157 1,563 

Major Thin Over Thick 421 16 1,017 1,608 

Major Unspecified 61 259 914 1,500 
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Figure 3. Empirical cumulative distribution function (ECDF) of distance to nearest powerline for use 

locations within a 1-mile radius of evaluated roost locations during the Program’s Stopover Study, 2013–

2015.  

 

We obtained and provided a detailed report produced by Pearse et al. (USGS peer reviewed report that 

has been submitted for publication) where documented mortalities observed during each season (spring 

and fall migration and wintering and breeding areas) of the telemetry project (2010–2015) are thoroughly 

outlined and discussed in relation to published literature. They found daily survival rates were similar 

among seasons (winter, summer, and migration). Mortality during winter was greatest and accounted for 

43% of all annual mortality, 41% during summer, and 16% during migration with no powerline collisions 

documented (Table 10; Pearse et al. USGS peer reviewed report that has been submitted for publication).  
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Table 10. Estimates of annual mortality (m) and numbers of deaths (n), 2010–2015, for whooping cranes 

of the Aransas-Wood Buffalo Population marked with satellite telemetry devices (Pearse et al. USGS peer 

reviewed report that has been submitted for publication).  

Data subset Season n m SE 90% CI  Proportion 

All Summer 8 0.060 0.021 0.026–0.094  41% 

 Winter 8 0.064 0.022 0.028–0.100  43% 

 Migration 3 0.023 0.013 0.001–0.045  16% 

 Overall 19 0.147 0.031 0.096–0.199   

Restricted1 Summer 6 0.047 0.019 0.016–0.079  42% 

 Winter 6 0.049 0.019 0.017–0.081  44% 

 Migration 2 0.016 0.011 0.000–0.035  14% 

 Overall 14 0.112 0.028 0.066–0.159   

Post-fledged 

birds only 
Summer 5 0.040 0.018 0.011–0.069  38% 

 Winter 6 0.049 0.020 0.017–0.081  47% 

 Migration 2 0.016 0.011 0.000–0.035  15% 

 Overall 13 0.106 0.028 0.060–0.151   
1 Includes mortality events confirmed with carcass recovery and those occurring 14 days post marking to account for 

potential biases from capture and marking. 

 

We evaluated stopover site movements, durations of stopovers, and the proportion of radio-marked birds 

that had a stopover location within 1, 2, 3, and 4 miles of the centerline of the proposed R-project 

powerline. All stopover locations associated with a stopover site with at least 1 location within the area 

used in the assessment were included in the assessments (i.e., some stopover locations included in the 

assessments were outside of the area used in the assessments; Table 11). Age-specific numbers of marked 

birds with a stopover location within 1 and 4 miles of the centerline of the proposed R-project powerline 

are included in Tables 12 and 13, respectively. An average of 5.30% of marked birds stopped within 4 

miles of the centerline of the proposed R-project powerline per migration season (Table 12). An average 

of 1.54% of marked birds stopped within 1 mile of the centerline of the proposed R-project powerline per 

migration season (Table 13). The number of stopover sites and stopover locations, average, minimum, 

and maximum duration and average stopover radius and crane use days for stopovers with a stopover 

location within 1 and 4 miles of the centerline of the proposed R-project powerline, 2010–2017 are 

presented in Tables 14 and 15, respectively. The total number of stopover sites and stopover locations per 

bird associated with a stopover location within 1 and 4 miles of the centerline of the proposed R-project 

powerline as well as the number and proportion of fidelity events identified within 10 or 20 miles of a 

previous stopover site, 2010–2017 are presented in Tables 16 and 17, respectively. 

Table 11. Number of stopover locations that were within each of the areas in the assessments and the 

number of additional stopover locations that were included in each of the assessments because the 

stopover sites were associated with a stopover location within the assessment area. 

Position of Locations 4 Miles  3 Miles 2 Miles 1 Mile 

Locations Within the Area 198 187 161 21 

Locations Outside the Area 13 21 29 34 

Number of Locations Included in the Final Assessments 212 209 190 55 
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Table 12. Age-specific numbers of marked birds that stopped within 4 miles of the centerline of the proposed R-project powerline per migration season as 

compared to the proportion of the total marked birds and the estimated population size during each migration.  

 

SP 

2010 

FA 

2010 

SP 

2011 

FA 

2011 

SP 

2012 

FA 

2012 

SP 

2013 

FA 

2013 

SP 

2014 

FA 

2014 

SP 

2015 

FA 

2015 

SP 

2016 

FA 

2016 SP 2017 

Juvenile 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Sub-Adult 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 

Adult 0 0 0 0 1 1 2 3 1 1 1 3 0 0 0 

Total Marked 

Birds1 
2 10 11 20 26 28 33 26 28 23 18 12 9 5 5 

Proportion of 

Marked Birds 
0.00% 0.00% 0.00% 0.00% 3.85% 7.14% 6.06% 11.54% 10.71% 4.35% 5.56% 25.00% 0.00% 0.00% 0.00% 

1 Total Marked Birds include all whooping cranes that were radio-marked during the 2010–2017 Telemetry Tracking Project with functioning transmitters that stopped 

between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the North Dakota-Canada border.  
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Table 13. Age-specific numbers of marked birds that stopped within 1 mile of the centerline of the proposed R-project powerline per migration season as 

compared to the proportion of the total marked birds and the estimated population size during each migration.  

 

SP 

2010 

FA 

2010 

SP 

2011 

FA 

2011 

SP 

2012 

FA 

2012 

SP 

2013 

FA 

2013 

SP 

2014 

FA 

2014 

SP 

2015 

FA 

2015 

SP 

2016 

FA 

2016 SP 2017 

Juvenile 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Sub-Adult 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Adult 0 0 0 0 0 1 0 2 0 0 0 1 0 0 0 

Total Marked 

Birds1 
2 10 11 20 26 28 33 26 28 23 18 12 9 5 5 

Proportion of 

Marked Birds 
0.00% 0.00% 0.00% 0.00% 0.00% 7.14% 0.00% 7.69% 0.00% 0.00% 0.00% 8.33% 0.00% 0.00% 0.00% 

1 Total Marked Birds include all whooping cranes that were radio-marked during the 2010–2017 Telemetry Tracking Project with functioning transmitters that stopped 

between 30⁰ N latitude and 49⁰ N latitude which includes southcentral Texas to the North Dakota-Canada border.  
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Table 14. Number and average, minimum, and maximum duration and average stopover radius and crane use days for stopovers with at least 1 location 

within 4 miles of the centerline of the proposed R-project powerline per migration season, 2010–2017. 

Season Year 

Number of 

Stopovers1 

Number of 

Stopover 

Locations1 

Average Stopover 

Duration (days) 

Min Stopover 

Duration (days) 

Max Stopover 

Duration 

(days) 

Average 

Stopover Radius 

(mi) 

Crane 

Use Days 

Fall 

 

2010 0 0 NA NA NA NA NA 

2011 0 0 NA NA NA NA NA 

2012 2 37 4.54 1.59 7.48 1.40 9.08 

2013 3 23 1.71 1.25 2.49 6.51 5.14 

2014 1 3 0.40 0.40 0.40 0.05 0.40 

2015 3 13 0.73 0.59 0.80 4.21 2.19 

2016 0 0 NA NA NA NA NA 

Fall 9 76 1.87 0.40 7.48 3.89 16.80 

Spring 

 

2010 0 0 NA NA NA NA NA 

2011 0 0 NA NA NA NA NA 

2012 1 3 0.50 0.50 0.50 8.80 0.05 

2013 2 7 0.87 0.25 1.49 0.52 1.74 

2014 3 122 9.76 0.40 14.55 2.81 29.28 

2015 1 3 0.40 0.40 0.40 1.48 0.40 

2016 0 0 NA NA NA NA NA 

2017 0 0 NA NA NA NA NA 

Spring 7 135 4.56 0.25 14.55 2.28 31.92 

Spring and Fall 16 211 3.05 0.25 14.55 3.42 48.73 
1 Includes all stopover sites that had at least 1 location within 4 miles of the centerline of the proposed R-project powerline and all locations associated with these stopover 

sites. 
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Table 15. Number and average, minimum, and maximum duration and average stopover radius and crane use days for stopovers with at least 1 location 

within 1 mile of the centerline of the proposed R-project powerline per migration season, 2010–2017. 

Season Year 

Number of 

Stopovers1 

Number of 

Stopover 

Locations1 

Average Stopover 

Duration (days) 

Min Stopover 

Duration (days) 

Max Stopover 

Duration 

(days) 

Average 

Stopover Radius 

(mi) 

Crane 

Use Days 

Fall 

 

2010 0 0 NA NA NA NA NA 

2011 0 0 NA NA NA NA NA 

2012 2 37 4.54 1.59 7.48 1.40 9.08 

2013 2 13 1.32 1.25 1.40 9.41 2.64 

2014 0 0 NA NA NA NA NA 

2015 1 5 0.80 0.80 1.80 6.89 0.80 

2016 0 0 NA NA NA NA NA 

Fall 5 55 2.50 0.80 7.48 5.70 12.52 

Spring 

 

2010 0 0 NA NA NA NA NA 

2011 0 0 NA NA NA NA NA 

2012 0 0 NA NA NA NA NA 

2013 0 0 NA NA NA NA NA 

2014 0 0 NA NA NA NA NA 

2015 0 0 NA NA NA NA NA 

2016 0 0 NA NA NA NA NA 

2017 0 0 NA NA NA NA NA 

Spring 0 0 NA NA NA NA NA 

Spring and Fall 5 55 2.5 0.8 7.48 5.70 12.52 
1 Includes all stopover sites that had at least 1 location within 1 mile of the centerline of the proposed R-project powerline and all locations associated with these stopover 

sites.  
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Table 16. Total number of stopovers per bird with at least 1 location within 4 miles of the centerline of 

the proposed R-project powerline as well as the number (Fidelity Events) and proportion (Fidelity Index) 

of stopovers identified within 10 or 20 miles of a previous stopover site, 2010–2017. Information 

associated with the fidelity events as well as distances between stopover fidelity events is presented in 

Table 18. 

Bird ID 

Total 

Stopovers 

Stopover 

Locations1 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

C80 2 76 0 0.00 1 0.50 

D30 2 51 0 0.00 1 0.50 

A02 2 34 0 0.00 1 0.50 

C02 1 10 0 0.00 0 0.00 

D37 1 8 0 0.00 0 0.00 

D28 1 6 0 0.00 0 0.00 

C07 1 5 0 0.00 0 0.00 

C15 1 5 0 0.00 0 0.00 

D23 1 3 0 0.00 0 0.00 

D35 1 3 0 0.00 0 0.00 

E48 1 3 0 0.00 0 0.00 

C99 1 2 0 0.00 0 0.00 

E52 1 5 0 0.00 0 0.00 

Total 16 211 0 0.00 3 0.19 
1 Stopover locations include 13 locations that were associated with one of the stopover sites, but outside 2-mile 

distance to the centerline of the proposed R-project powerline. 

 

Table 17. Total number of stopovers per bird with at least 1 location within 1 mile of the centerline of the 

proposed R-project powerline as well as the number (Fidelity Events) and proportion (Fidelity Index) of 

stopovers identified within 10 or 20 miles of a previous stopover site, 2010–2017.  

Bird ID 

Total 

Stopovers 

Stopover 

Locations1 

Fidelity Events 

(10 mi) 

Fidelity Index 

(10 mi) 

Fidelity Events 

(20 mi) 

Fidelity Index 

(20 mi) 

A02 1 31 0 0.00 0 0.00 

C15 1 5 0 0.00 0 0.00 

C80 1 5 0 0.00 0 0.00 

D28 1 6 0 0.00 0 0.00 

D37 1 8 0 0.00 0 0.00 

Total 5 55 0 0.00 0 0.00 
1 Stopover locations include 34 locations that were associated with one of the stopover sites, but outside the 1-mile 

distance to the centerline of the proposed R-project powerline. 
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Table 18. Stopover site fidelity events identified in Table 16 that occurred within 4 miles of the centerline of the proposed R-project powerline. 

 First Stopover  Second Stopover  

Bird ID Age Season Year Stopover ID   Age Season Year Stopover ID  Distance Between Stopover Centroids (mi) 

A02 Adult Spring 2012 276  Adult Fall 2012 280 15.54 

C80 Adult Spring 2014 1199  Adult Fall 2015 1217 13.66 

D30 Sub-adult Spring 2014 757  Adult Spring 2015 765 12.32 
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Task 5:  Report Writing and Deliverables 

We generated this Draft Report for NPPD presenting the analyses described in Tasks 1–4. In addition, 

Headwaters Corporation will provide NPPD with a Final Report as well as a copy of the telemetry 

datasets and associated metadata used in our assessments.  
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Take Calculation for Whooping Cranes (Grus americana) for the  
Nebraska Public Power District’s R-Project Transmission Line 

 
 
OVERVIEW 
 
Purpose:  The purpose of this report is to demonstrate that take of the endangered whooping 
crane (Grus americana) is reasonably certain to occur over the 50-year life of Nebraska Public 
Power District’s (NPPD) R-Project Transmission Line (R-Project or Project).  This conclusion is 
based on: (1) a calculated probability of collision, which includes a projected number of 
whooping cranes that would be taken over the 50-year life of the R-Project; (2) the amount and 
distribution of stopover habitat adjacent to the R-Project; (3) the use of stopover habitat by 
whooping cranes adjacent to, and bisected by, the R-Project; and (4) the physiological 
characteristics that make whooping cranes disproportionally susceptible to power line collisions, 
which limits the efficacy of NPPD’s proposal to mark the R-Project with bird flight diverters 
(BFD).  This evaluation also demonstrates that operation of the R-Project over the 50-year life of 
the Project has negative implications for recovery of this species.   
 
The goal of this analysis is to update the U.S. Fish and Wildlife Service’s (Service) Draft 
Environmental Impact Statement (DEIS), which will inform the Service’s biological opinion and 
decision about whether to issue a section 10 permit to NPPD for the Project.  NPPD has applied 
for a section 10 permit pursuant to the Endangered Species Act for take of the endangered 
American burying beetle (Nicrophorus americanus) but has chosen not to seek coverage for the 
whooping crane.  The results of this analysis are also intended to assist NPPD in the reevaluation 
of their decision not to seek coverage for the whooping crane under section 10.  Unlike the 
earlier whooping crane risk assessments completed by NPPD and the Service and included in the 
DEIS, the conclusions in this report are based on an analysis of whooping crane telemetry data.  
These previous risk assessments were developed using only the Service’s historical sightings 
data for the species as the whooping crane telemetry data was unavailable to the Service when 
the DEIS was prepared and released for public comment in May 2017.  The Service’s provisional 
telemetry dataset was derived from raw data previously collected through a research partnership 
(U.S. Geological Survey [USGS], Service, Canadian Wildlife Service, Crane Trust, and Platte 
River Recovery Implementation Program) during a telemetry study on whooping cranes (Pearse 
et al. 2015).  The telemetry data was then quality assured and quality controlled by the Service’s 
Branch of Decision Support with assistance from USGS.  
 
This analysis finds:  (1) an expected take of 40-84 whooping cranes over the 50-year life of the 
R-Project using two take calculation methods; (2) over 600 permanent water features (i.e., 
roosts) ranging in size from 0.05-72 acres identified within 3.35 miles of the R-Project 
centerline; and (3) an expected 8,223 crane stopovers and 36,730 crane days of usage within 3.35 
miles of the R-Project centerline over the 50-year life of the R-Project.  Key to these findings 
was a thorough analysis of 12 of the 58 marked whooping cranes with repeated stopovers within 
3.35 miles of the R-Project centerline, analysis of additional marked birds crossing the R-Project 
at low altitudes, analysis of the habitat in the R-Project Study Area, and support from previous 
peer-reviewed studies. 
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Background:  The NPPD R-Project is a 225-mile-long, 345 kilovolt (kV) transmission line that is 
proposed to extend across the remote Nebraska Sandhills.  There are three purposes of the R-
Project:  (1) enhance reliability of NPPD’s electric transmission system; (2) relieve congestion 
from existing lines; and (3) provide for development of renewable energy projects.  The R-
Project is proposed to extend entirely across the primary whooping crane migration corridor.  
Whooping crane telemetry data shows frequent use of the R-Project Study Area by whooping 
cranes as well as the presence of large amounts of suitable stopover habitat, including wetlands, 
rivers, lakes, and sub-irrigated meadows; much of this stopover habitat occurs in large 
complexes.   
 
Criteria for Determining Take Will Occur:  As stated in guidance provided by the Service “an 
incidental take permit is only needed if a non-federal party's activity is ‘in an area where ESA-
listed species are known to occur and where their activity or activities are reasonably certain to 
result in incidental take’ (USFWS 2018b).  In the absence of specific guidance as to the 
definition of “reasonably certain to occur,” the following criteria were utilized: 

• Quantitative whooping crane risk assessment considering population growth over the 50-
year life of the R-Project.  

• Amount and distribution of whooping crane habitat in relation to the R-Project centerline. 

• Amount and frequency of habitat use by whooping cranes given population growth over 
the 50-year life of the R-Project.  

• Unique characteristics of whooping cranes that make them susceptible to power line 
collisions even if marked with BFDs. 

 
These criteria provide important context about the likelihood and amount of take expected over 
the 50-year life of the R-Project.    
 
WHOOPING CRANE RISK ASSESSMENT FOR THE R-PROJECT 

Quantitative Whooping Crane Risk Assessment 
A total of 68 birds in the Aransas-Wood Buffalo Population (AWBP) of wild whooping cranes 
were fitted with platform transmitting terminals that collected global position system (GPS) 
locations, but only 58 provided data during migrations from 2010-2016 (Pearse 2018).  
Individuals were captured at the breeding and wintering grounds and were fitted with solar-
powered transmitters that were attached to the tibia-tarsus of each bird.  Transmitters were 
programmed to record 4-5 GPS locations daily at equal time intervals, which provided daytime 
and nighttime locations.  For additional details, see Pearse et al. (2015).  Marking of 58 birds was 
done to obtain a sample large enough that reliable estimates could be made about the entire 
population (Pearse 2018).  During most of the 7-year study, between 11 and 20 percent of the 
entire AWBP of whooping cranes was marked.  It is extremely rare to have such a large 
percentage of any wildlife population marked (Pearse 2018). 
 
Whooping cranes have a relatively narrow and defined migratory corridor between their 
wintering and nesting grounds based on the historic sightings database (Tacha et al. 2010).  
Pearse et al. (2015) compared the locations of the 58 marked birds with the sighting corridors 
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from Tacha et al. (2010).  This comparison confirmed that the 58 marked birds provide a 
representative sample of the longitudinal distribution of whooping cranes as they migrate.  This 
allows for reasonable conclusions to be drawn about the proportion of the migrating flock that 
crosses the R-Project during spring and fall migrations.   
 
Pearse (2018) evaluated low-level flight distances during migration stopovers and determined 
that whooping cranes on average traveled 3.5 miles between roosting to foraging habitats in 95 
percent of all stopovers in the entire migration corridor.  Gil and Weir (2017) determined the 
average low-level flight distance from roosting to foraging habitats during stopovers in the R-
Project Study Area to be 3.35 (±1.41) miles.  A telemetry point was used as the center of a circle 
with a radius of 3.35 miles – this circle was considered a “stopover area” where low-level flights 
between roosting and foraging habitats occurred.  Given that flight distances from roosting to 
foraging habitats during a stopover are likely a function of habitat distribution and resource 
availability and that it is reasonable to assume that resource distribution varies throughout the 
migration corridor, this analysis uses the more conservative average distance of 3.35 miles for 
the R-Project risk assessment.  
 
Table 1 is a summary of the total whooping crane migrations by season and year for marked 
birds and the number of marked birds using stopovers within 3.35 miles of the R-Project 
centerline by season and year.  Twelve of the 58 marked birds (20.7 percent) stopped within 3.35 
miles of the R-Project during at least one migration (spring or fall) during the time span they 
were transmitting data.  Some of the birds used stopovers within 3.35 miles of the R-Project over 
multiple migration seasons, for a total of 15 marked bird stopovers (spring and fall) in the area 
out of a total possible 281 marked bird migrations. 
 
Table 1:  Stopovers within 3.35 miles of the R-Project centerline by season from 2010-2016 for 
12 birds.  Total stopovers by season from 2010-2016 for all 58 marked birds are provided here 
for comparison. 
 

 
R-Project Stopovers 20
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Total R-Project 
stopovers1 and total 
stopovers for marked 
birds by migration 
season  

Spring 0 0 1 2 3 1 0 7 
Fall 0 1 2 3 1 1 0 8 
Totals 0 1 3 5 6 2 0 15 
Total Stopovers         
Spring 2 11 29 33 28 20 11 134 
Fall 10 23 36 30 25 13 10 147 
Total Migrations 12 34 65 63 53 33 21 2812 

 
1Within 3.35 miles of the R-Project centerline. 
2All 58 whooping cranes were not marked at once but instead marked incrementally over the course of the six year study. 
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Calculating Collision Rates:  An analysis was completed to calculate the probability of a 
whooping crane colliding with the R-Project.  Collisions result in death and injury and provide 
the basis for this quantitative risk assessment.  This analysis was based on the percent of 
whooping cranes that actually stopped at the R-Project from 2010 to 2016 using the whooping 
crane telemetry data (Table 1).  Given the large percentage of the population that was equipped 
with transmitters and the Pearse et al. (2015) comparison that confirmed that the 58 marked birds 
provide a representative sample of migration location data, the telemetry data makes it possible 
to evaluate demographic variation and habitat use and selection over time for marked and 
unmarked birds.  To calculate take, this analysis first estimates usage of the stopover area within 
3.35 miles of the R-Project centerline and collisions for year one, then extrapolates over the 50-
year life of the Project, using known population growth estimates. 
 
Estimated Stopovers for the R-Project in Year 1 
 
Spring: (7 stopovers/134 total stopovers) * 505 cranes (2018 population estimate) = 26.38 
marked and unmarked stopovers within 3.35 miles of the R-Project centerline in the spring. 
 
Fall: (8 stopovers/147 total stopovers) * 505 cranes = 27.48 marked and unmarked whooping 
crane stopovers within 3.35 miles of the R-Project centerline in the fall. 
 
26.38 cranes + 27.48 cranes = 53.86 marked and unmarked whooping crane stopovers within 
3.35 miles of the R-Project centerline in the first year.   
 
Take Estimates for the R-Project for Year 1 
 
This analysis utilizes Brown et al. (1987), which reported a mortality rate for whooping crane 
collisions with power lines in the San Luis Valley in Colorado based on 13-29 whooping cranes 
using the area for 3-4 months during spring and fall migrations from 1983-1984.  Brown et al. 
(1987) reported one whooping crane killed per year on 20.69 miles of transmission line.  The 
analysis corrects for the time whooping cranes spent in the Brown et al. (1987) study area (3-4 
months) so as to be comparable to the time spent by marked whooping cranes during stopovers 
within 3.35 miles of the R-Project.  The transmission lines in the San Luis Valley bisected roost 
and foraging habitats making this study applicable to the R-Project, which also bisects low-level 
flight paths between roosting and foraging habitats.  The mortality rate originating from Brown 
et al. (1987) and used in this calculation of take was expressed using two methods for 
comparison purposes (Table 2).   
 
Table 2:  Take rates for Methods 1 and 2, including low and high 95 percent confidence 
intervals, based on values from Brown et al. (1987), using approaches described in Faanes 
(1987) and Loss et al. (2014).  
 

Method Average Low High 
Method 1 (collisions/crossing) 0.104% 0.086% 0.127% 
Method 2 (collisions/crane-day/mile) 0.000021918 0.0000202 0.000023866 
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Method 1 (collisions/crossing):  Method 1 follows the approach used by Faanes (1987) and 
others for calculating take as a rate of collisions per crossing.  Based on the data and map in 
Brown et al. (1987), Method 1 estimates an average of 2,205 crane-days occurred each year with 
0.4375 crossings per crane-day.  Faanes (1987) reported a collision per crossing rate of 1.163 
percent in prairie habitat, which is 11.2 times the estimated average rate (0.104%) of Method 1.  
Faanes (1987) also stated that “collisions with overhead wires were strongly weighted toward 
waterfowl, pelicans, herons, and other large species possessing relatively low maneuverability.”  
Even though Method 1 relies upon the estimations noted above from the Brown et al. (1987) 
study, based on previous studies in similar habitat, such as Faanes (1987), and due to the size and 
maneuverability of whooping cranes, the take rate used in Method 1 represents a conservative 
estimate.  
 
The average number of crossings per stopover within 3.35 miles of the R-Project cetnerline 
(1.42) was derived from an analysis of the telemetry data relative to the proposed location of the 
R-Project.  Nineteen whooping cranes were found to have crossed the R-Project in one of two 
ways:  1) individual birds who have stopover records within 8 miles on both sides of the 
proposed R-Project during a single migration (a review of the telemetry showed whooping 
cranes flew up to 8 miles at low altitude from roosting to foraging habitats within the R-Project 
Study Area); and/or 2) individual birds who have stopover records within 3.35 miles of the 
proposed R-Project when their previous record was on the opposite side of the Project during a 
migration (any duplicates between the two approaches of counting a crossing were eliminated). 
 
Analysis of the telemetry data shows that most of these birds took low-level flights only once 
while some made up to three low-level crossings of the R-Project during an individual stopover.  
The average number of crossings per stopover (1.42) is likely an under-estimation of the crane’s 
reliance on the area given that these birds often travel in pairs and/or small flocks, indicating that 
even more low-level flights crossing the R-Project would likely occur than the data shows.  
Additionally, there are likely other flocks of unmarked birds taking low level flights across the 
R-Project given the availability of a large amount of suitable habitat. 
 
Method 2 (collisions/crane-day/mile): Method 2 follows the Loss et al. (2014) method of 
calculating take as a rate of collisions/year/mile.  To be useful for analytical comparison with 
Brown et al. (1987), Method 2 used crane-days per year, instead of simply crane-years as did 
Loss et al. (2014).  Method 2 assumes each stopover equates to circle with a 3.35 mile radius as 
described above.  Method 2 uses a value of 106.37 miles of R-Project that would cross whooping 
crane core use areas or peripheral use areas (hexagons) from Pearse et al. (2018) (Figure 1).  
Pearse et al. (2018) identified high use areas based on telemetry data showing spatial distribution 
and intensity of space use for whooping cranes in migration.  Hexagonal grid cells (10 kilometer 
radii) were ranked using stopover frequency.  Grid cells were identified as either core use areas 
(having ≥ 3 stopover sites) or peripheral use areas (˂ 3 stopover sites).   
 
It is estimated that each whooping crane stays at a stopover an average of 4.47 days, based on the 
average length of stay documented using the telemetry data (range=1-16 days for whooping 
cranes that stopped within 3.35 miles from the R-Project from 2010 to 2016).  As with Method 1, 
it estimates, based on the data and map provided in Brown et al. (1987), an average of 2,205 
crane-days occurred each year of that study.  Method 2 did not estimate the number of crossings, 



  

Final Take Calculations for the Whooping Crane for the R-Project   6 
 

since this take rate was based on collisions per crane-day per mile and not on crossings.  As with 
Method 1, all assumptions are based on telemetry data and reported data from Brown et al. 
(1987). 
 
A correction factor of 3.25 from Murphy et al. (2016) was applied to both methods.  Murphy et 
al. (2016) identified biases (e.g., crippling and nocturnal use) that would increase the actual 
number of collisions by a factor that ranges from 2.7-3.8, for an average of 3.25.  Because it is 
difficult to quantify mortality from power lines, it is common to incorporate biases based on 
studies that utilized actual take under existing power lines (Loss et al. 2014).  Since Murphy et 
al. (2016) was conducted on power lines marked with BFDs, between roosting and foraging 
habitats for migrating sandhill cranes, this correction factor is applicable to this study.  For 
comparison, Faanes (1987) used a crippling bias that factored 74 percent of the birds that hit a 
power line continued flying out of the area, based on an average of values recorded by Meyer 
(1978) and others, and reported by Beaulaurier (1981).  
 

 
 
Figure 1: The proposed R-Project route plotted over the high use areas as identified by Pearse et 
al. (2018).  Black hexagons represent core use areas; gray hexagons represent peripheral use 
areas.  Both hexagons grouped together represent high use areas in our analysis.  
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Take Calculations for Year 1 
 
Method 1 Take: 
 
53.86 crane stopovers * 1.42 average crossings per crane stopover = 76.49 crossings/year 
 
76.49 crossings/year * 0.001036605 collisions/crossing * 3.25 (Murphy correction factor = 0.26 
whooping crane collisions expected in the first year of R-Project. 
 
Method 2 Take: 

(53.86 crane stopovers * 4.47 average days/stopover)/3.35 stopover miles = 71.82 crane-
days/year/3.35 mile radius circle 
 
71.82 crane-days/year/3.35 mile radius circle*106.37 R-Project miles * 0.000021977613 * 3.25 
(Murphy correction factor) = 0.54 whooping crane collisions expected in the first year of R-
Project operation. 
 
Take Estimates over the 50-Year Life of the R-Project 
 
Using data in Table 1 and the calculations shown above, 53.86 stopovers of marked and 
unmarked birds are expected within 3.35 miles of the R-Project the first year.  Our analysis 
shows that an average of 0.26 (95% CI 0.10-0.59) and 0.54 (95% CI 0.25-1.10) whooping cranes 
would be taken in the first year of R-Project using Methods 1 and 2, respectively.  The values 
were applied to population growth tables over the next 50 years under three growth scenarios: 
3.5 percent, 4 percent, and 4.6 percent from Wilson et al. (2016) (Appendix A).  The low growth 
scenario (3.5 percent) used the low 95 percent confidence interval values for the mortality rates, 
the current population, as well as the percentage of birds stopping within 3.35 miles from the R-
Project, while the high growth scenario (4.6%) used the high 95 percent confidence interval 
values for all sampled/estimated data.  The results are summarized in Table 3, with Method 1 
resulting in an expected 40 collisions over the 50-year life of the R-Project; and Method 2 
estimating 84 collisions over the 50-year life of the R-Project.  
 
Table 3 and Appendix A also show the high use of stopovers over the 50-year life of the Project, 
with an expected total 8,223 stopovers and 36,730 crane days within 3.35 miles of the R-Project 
centerline.  A more detailed analysis of the use of the area by whooping cranes follows below. 
 
The approach of this risk assessment is unlike previous risk assessments done by NPPD (2016) 
and the Service (Skorupa 2017) for the R-Project.  Their efforts were wholly reliant on historical 
sightings data, spring versus fall whooping crane count comparisons to make conclusions about 
mortality, and extremely limited information about causes of mortality during summer nesting at 
Wood Buffalo National Park, spring and fall migrations, and wintering at Aransas National 
Wildlife Refuge.  For these reasons, broad-scale evaluations such as those done by NPPD (2016) 
and the Service (Skorupa 2017) can only calculate migration corridor-wide estimates that are 
then scaled to the R-Project.  These estimates cannot incorporate detailed project-level habitat 
use and selection, make predictions about unmarked birds that use stopovers within 3.35 miles of 
the R-Project centerline, or calculate mortality estimates with certainty.  The approach presented 
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here is consistent with Loss (2016), which recommended use of detailed spatial and biological 
information and cautioned against the use of large-scale analyses that obscure demographic 
details about local-level or discrete impact  
 
Table 3:  Summary of expected take of whooping cranes over the 50-year life of the R-Project 
(see Appendix A).  Values calculated in the growth tables were rounded up to whole birds.  
 

50-year R-Project Life Expected 95% CI Low 95% CI High 
Total stops 8,223 4,021 15,327 

Total crane days 36,730 17,962 68,463 
Method 1 Total Take 40 16 91 
Method 2 Total Take 84 41 155 

 
Amount and Distribution of Whooping Crane Habitat  
High Use Areas:  Whooping crane mortality is greatest where high use areas intersect with 
power lines (Stehn and Wassenich 2008 and Brown et al. 1987).  Until the availability of the 
whooping crane telemetry data, high use areas were difficult, if not impossible, to identify, 
especially in remote areas where historic sighting data provides very little information.  A large 
segment of the proposed R-Project is proposed to be located in remote areas (see Figure 2, 
compare historic siting data with telemetry data).   
 
Identification of Roost Habitat:  Whooping cranes spend their days during stopovers feeding in 
various diurnal foraging habitats on waste grain, frogs and snakes, and invertebrates.  However, 
they must always spend the night at a roost safe from predators.  For this reason, roost habitat is 
considered a key factor in the risk assessment because it is at the roost and during low-level 
flights between roosts and foraging habitats during low visibility conditions, that the risk of a 
collision with a power line is the greatest.  For example, roost departure and arrival flights are 
often conducted in low light conditions in the morning and evening when whooping cranes 
cannot see well.  Nocturnal predators are attracted to whooping cranes at the roost and can flush 
them, leaving them with little ability to visually navigate back to the roost subjecting them to a 
potential power line collision.  Inclement weather conditions such as fog or snow cause 
whooping cranes to fly at low altitude, which obscures their vision as they fly between roosting 
and foraging habitats.  
 
The amount and distribution of whooping crane roost habitat along the entire 225-mile-long R-
Project was calculated using Arc-GIS.  The lateral boundary of the roost habitat evaluation was 
3.35 miles perpendicular to the R-Project centerline (on either side) as mentioned above.  Habitat 
was evaluated using shapefiles from the Service’s National Wetland Inventory (NWI) in 
Nebraska and the telemetry data overlaid on 2016 Farm Service Agency color aerial imagery to 
identify whooping crane roosts that potentially could be used during migration.  NWI and 
imagery was used to search for permanent water sources (i.e., roosts) within 3.35 miles of the 
entire 225-mile-long R-Project.  Permanent water sources including freshwater emergent 
wetlands (ponds and lakes), originating from the Cowardin Classification System, were selected 
to depict suitable roost habitat.  
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Figure 2: Whooping Crane use of NPPD’s Study Area as represented by historical sightings and 
telemetry data.  Telemetry data provides much more detail about whooping crane stopovers than 
previously was available when considering historical sightings data. 

Sewage lagoons, other artificial water features, and areas enclosed by trees, which lack the 
characteristics of suitable roost habitat, were excluded from analysis.  Whooping cranes roost on 
ephemeral water features as well; these were not included in this analysis.  Based on these 
conservative methods for selection of permanent water sources, the true amount of potential 
roost habitat present within 3.35 miles of the R-Project centerline is likely to be higher.   
 
Over 600 permanent water features (i.e., roosts) were identified within 3.35 miles of the R-
Project centerline.  These 600 permanent water features (i.e., roosts) were distributed over two 
thirds of the entire 225-mile-long Project and ranged in size from 0.05-72 acres.  Figure 3 shows 
an example of the amount and distribution of roost habitat overlaid with whooping crane 
telemetry locations on a 20-mile segment of the R-Project.  These permanent water features were 
typically in large complexes – they were most dense in the east-west segment of the R-Project 
and coincided with the Pearse et al. (2018) core intensity use black hexagons (Figure 1).  Based 
on research from Stehn (2007), clusters of migratory observations suggest relationships of 
whooping cranes with large-scale spatial patterns in land cover (Richert et al. 1999, Richert and 
Church 2001).  Areas characterized by wetland mosaics appear to provide the most suitable 
stopover habitats for whooping cranes. 
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Figure 3:  Amount and distribution of whooping crane roost habitat overlaid with whooping 
crane telemetry data on a 20-mile segment of the R-Project.  This figure shows 5 fall seasons of 
marked whooping crane usage within 3.35 miles of the centerline of this segment of the R-
Project.  It is likely that numerous cranes use this area as whooping cranes migrate in pairs or 
small flocks; other unmarked birds may also be present. 
 
Amount and Frequency of Habitat Use by Whooping Cranes  
As noted above, this analysis shows that 53.86 marked and unmarked whooping cranes would be 
expected to stopover within 3.35 miles of the R-Project centerline in the spring (26.38 birds) and 
fall (27.48 birds) during the first year.  This likely underestimates the true level of whooping 
crane habitat use within 3.35 miles of the R-Project now and into the future because:  

• There is a large amount of suitable roosting and foraging habitats within 3.35 miles of the 
R-Project centerline that could be used by marked and unmarked whooping cranes.  
Telemetry data confirms that this habitat is used by whooping cranes. 

• Each individually marked whooping crane (12) within 3.35 miles of the R-Project 
centerline was likely accompanied by other unmarked whooping cranes of various age 
classes.  Whooping cranes migrate in pairs, family groups and/or small flocks.   

• It is reasonable to assume that other unmarked whooping cranes within 3.35 miles of the 
R-Project centerline were likely accompanied by other unmarked whooping cranes of 
various age classes.   

• The 58 birds marked but no longer transmitting will likely continue to use stopovers 
within 3.35 miles of the R-Project centerline into the future. 
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Table 4:  Amount and frequency of whooping cranes using stopovers within 3.35 miles of the R-
Project.   

 
 95%CI 

Low 
95% CI 

High 
Number of Individually Marked Cranes Stopping within 
3.35 miles of the R-Project (2010-2016) 12   

Total Number of Individual Birds Marked (2010-2016) 58   
Percentage of Marked Birds Stopping at least once 
within 3.35 miles of the R-Project 20.7% 11.2% 33.4% 

Estimate of 2018 population using the area within 3.35 
miles of the R-Project at least once in 5.6 years1 104.48 49.168 192.718 

    17 years/(15 stopovers/12 birds)=5.6 years 

Whooping cranes and their progeny will likely use stopovers within 3.35 miles of the R-Project 
centerline as the population grows over the 50-year life of the R-Project.  Currently, given a 25-
year life expectancy, each of the estimated 104.48 whooping cranes would stopover within 3.35 
miles of the R-Project an average of 4.46 times over their life span (25/5.6=4.46).  
 
As summarized in Table 3 above and detailed in Appendix A below, using population growth 
rates from Wilson et al. (2016), there is an expected 8,223 (4,021 low 95% CI; 15,327 high 95% 
CI) whooping crane stopovers within 3.35 miles of the R-Project, each averaging 4.47 days in 
length, for a total of 36,730 (17,962 low 95% CI; 68,463 high 95% CI) expected crane days 
within 3.35 miles of the R-Project over the 50-year life of the R-Project.  
 
Unique Characteristics of Whooping Cranes  
 
For bird species, susceptibility to collision with power lines is largely a function of morphology, 
ocular structure, and acuity (Jenkins et al. 2010); these factors all affect a bird’s ability to not 
only see a power line but take evasive action (Bevanger 1994; Drewitt and Langston 2008).  A 
bird’s size, weight, and wing structure further influences the time required to make necessary 
flight adjustments (Brown 1992; Bevanger 1994; Rubolini et al. 2005) to avoid a collision.  
Heavy-bodied birds tend to fly at higher speeds, affecting reaction time; this higher wing loading 
also confers reduced maneuverability (Bevanger 1994; Janss 2000; Smith and Dwyer 2016).   

Whooping cranes are particularly susceptible to striking power lines because of their large body 
size, broad wing span, slow wing beat, and relative lack of maneuverability (Stehn and 
Wassenich 2008; Morkill and Anderson 1991; Jenkins et al. 2010).  Further, cranes have eyes on 
the sides of their head - while this lateral placement of eyes allows for a large visual field, 
monocular vision is a disadvantage because eye movement is not coordinated and it is difficult to 
judge distance.  Thus, while whooping cranes may be able to see power lines ahead of them 
given perfect conditions (e.g., clear skies), they are unable to determine how far away the lines 
are and when evasive measures are necessary (Martin and Shaw 2010; Jenkins et al. 2010).  
Additionally, juveniles are even more vulnerable to collisions than adults, presumably due to 
lack of experience and flight skills (Ward et al. 1986; Brown et al. 1987; Ward and Anderson 
1992; APLIC 1994, Brown and Drewien 1995).  Finally, whooping cranes often migrate in small 
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flocks and can be associated with large flocks of other birds such as waterfowl and sandhill 
cranes; large flocks of birds can obscure vision making avoidance of power lines difficult 
(Jenkins et al. 2010).   

Bird Flight Diverters and Application to the R-Project and Whooping Cranes:  Collisions with 
power lines have been well documented for both sandhill and whooping cranes as they are 
particularly susceptible to colliding with lines (Bevanger 1998; Janss 2000; Rubolini et al. 2005).  
As an avoidance and minimization measure, attempts to reduce mortality from such collisions 
often include placing BFDs on static and some electrified wires to increase their visibility (Miller 
et al. 2010; Folk et al. 2013; Stehn and Haralson-Strobel 2014).  However, the effectiveness of 
BFDs is highly variable (9-80 percent effective) and collisions of cranes with power lines persist 
nonetheless (APLIC 2012; Barrientos 2012).  This is likely the result of several factors.  First, 
BFDs may not be sufficiently visible in all conditions, particularly in low light conditions, such 
as dawn and dusk, when cranes are searching for a stopover site or coming to, and going from, 
the roost (Murphy et al. 2016; APLIC 2012).  Furthermore, BFDs are not effective in extreme 
conditions such as thick fog or snow or even at night (Morkill and Anderson 1991).  BFDs are 
ineffective at night because cranes are a diurnal species and cannot see them regardless of 
whether or not they are affixed to the power line.  Additionally, BFDs are seemingly least 
effective for species with high wing loading and high flight speeds such as cranes (Sporer et al. 
2013).  The effectiveness of power line marking may be limited by the distance at which the 
markers become visually prominent in flight.  Birds such as sandhill and whooping cranes with 
relatively poor maneuverability, may not perceive BFDs until they are too close to the power line 
to make effective evasive maneuvers, particularly during nocturnal flights that occur when 
cranes are startled and flush from the roost (Murphy et al. 2016).  This may be particularly true if 
the field of vision for a bird in flight fails to include all wires of a power line upon close 
approach (Martin and Shaw 2010).   

Thus, based on this information, the installation of BFDs on the R-Project to reduce collisions by 
whooping cranes would be minimally effective.  As outlined above, this is likely due to the 
combination of the type and amount of habitat in the R-Project Study Area, how and when 
whooping cranes use that habitat, and the morphological characteristics of cranes that make 
avoiding collision with a line difficult.  As determined using the whooping crane telemetry data, 
roost habitat is abundant and widely distributed within 3.35 miles on either side of the R-Project 
centerline and is found in large complexes.  In numerous cases, it is bisected by the R-Project 
(see Figure 3); this forces cranes to cross the proposed R-Project to reach foraging habitat and 
then subsequently cross it again when returning to the roost, all in low light conditions.  
Additionally, this is further compounded by the fact that whooping cranes cross the R-Project 
during transitional seasons (early-spring and late-fall), when inclement weather conditions are 
common including fog, snow, and sleet, which further reduces visibility.  These low visibility 
conditions make it difficult for cranes to see the static wire of a power line, even if marked with 
BFDs.  If roost habitat is located underneath or immediately adjacent to the power line as it is for 
the R-Project, whooping cranes startled and flushed from the roost are still at risk of colliding 
with the R-Project as BFDs will be ineffective since they cannot be seen at night.  Finally, 
whooping cranes are heavy-bodied birds with large wing spans that lack maneuverability – these 
characteristics in combination with their tendency to migrate in flocks, make them particularly 
susceptible to collision with power lines as they cannot quickly avoid obstacles.  
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RELEVANCY TO WHOOPING CRANE RECOVERY 
 
The above four criteria demonstrates with reasonable certainty that an average of at least 40 
(Method 1) or 84 (Method 2) whooping cranes are expected to be taken through power line 
collisions over the 50-year life of the R-Project.  This is a sizable number of birds that would be 
removed from the wild migrating AWBP.  Thus, this amount of take should be viewed in the 
context of the status of the AWBP numbering 505 birds (USFWS 2018a) and its relationship to 
our ability to recover this species.  Loss of future productivity and genetic material resulting 
from the R-Project alone would hamper species recovery and this would be exacerbated when 
coupled with climate change and wind energy development (an indirect effect of the R-Project).  
Each of the threats and their interface with the R-Project is summarized below.   
 
Juvenile Mortality - Loss of Future Productivity:  Collision with power lines is the greatest 
source of mortality for fledged whooping cranes in the wild migrating whooping crane 
population (Stehn and Wassenich 2008).  Juveniles are more vulnerable to collisions than adults 
due to lack of flight skills and inexperience (Ward et al. 1986; Brown et al. 1987; Ward and 
Anderson 1992).  Cohorts consisting of fledged and juvenile whooping cranes are critical for 
continued population growth needed to meet recovery goals as outlined in the International 
Recovery Plan for the Whooping Crane (Recovery Plan) (CWS and USFWS 2007).  Thus, 
expected collisions with the R-Project could hamper the ability to recover this species.        
 
Adult Mortality - Loss of Genetic Material:  Collisions with the R-Project resulting in adult 
mortality yield loss of already limited genetic material (CWS and USFWS 2007).  As a 
consequence of the 1941 population bottleneck, the current population is derived from an 
estimated 6 to 8 founding birds, with a loss of 66 percent of all genetic material (Mirande et al. 
1993; Glenn et al. 1999).  Genetic theories suggest that small populations can continue to lose 
genetic diversity with each generation, and that continued loss of genetic material leads to 
inbreeding depression and declining productivity (Jimenez et al. 1994; Frankham 1995; Lacy 
1997; Brook et al. 2002; Woodworth et al. 2002).  These are all factors that could hamper 
meeting recovery goals as outlined in the Recovery Plan (CWS and USFWS 2007).  
 
Climate Change - Elevated R-Project Risk:  Changing temperature and precipitation patterns 
affect the availability, quality, and distribution of stopover wetland habitat (Jorgensen and 
Bomberger Brown 2017; Chavez-Ramirez and Wehtje 2012; Urbanek and Lewis 2015).  A 
warmer and drier climate will limit the availability of ephemeral wetlands and increase 
whooping crane reliance and use of groundwater-fed wetlands like sub-irrigated lakes, ponds, 
and meadows in the Sandhills, which are crossed by the R-Project.  Increased use of these 
habitats surrounding the R-Project coupled with population growth would reasonably be 
expected to result in an increase in collisions by whooping cranes.  These effects could impede 
the ability to meet recovery goals as outlined in the Recovery Plan (CWS and USFWS 2007). 
 
Wind Energy Development - An Indirect Effect of the R-Project:  Facilitating the development 
of renewable energy, including wind energy, is a stated purpose of the R-Project.  Wind energy 
development in the Sandhills is an indirect effect of the R-Project because it provides the 
required transmission and line capacity that is currently lacking to develop wind energy projects.  
Thus, the R-Project will facilitate wind energy development in the whooping crane migration 
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corridor in the Sandhills.  The impact of wind turbines on whooping cranes has been identified as 
a conservation concern, particularly during migration (CWS and USFWS 2007; Belaire 2014); 
this concern is further exacerbated by the rapid growth of wind energy and turbine size (Loss 
2016) in the Great Plains (Pearse et al. 2015).  The impact can be direct via collision with wind 
energy infrastructure including power lines (CWS and USFWS 2007) or indirect via an impact to 
energetics (Pearse and Selbo 2012).  Whooping cranes are believed to avoid wind turbines as 
they obstruct vision, forcing them to seek other less familiar stopover habitats, increasing 
migration distance, and energy expenditure as well as the time needed to replenish fuel reserves 
(Masden 2010; Pearse and Selbo 2012).  Wind turbines sited in the migration corridor have the 
potential to cause significant mortality, thereby threatening the recovery of the species (CWS and 
USFWS 2007).  While wind energy development is a concern and would likely increase take, it 
was not included in the take calculations.  Further analysis would be needed to account for the 
take associated with this indirect effect. 
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Appendix A. Whooping crane population growth tables over the 50-year life of the R-Project.  
Tables were calculated at 3.5 percent, 4 percent, and 4.6 percent growth. 
 
 

Growth: 4% Average/Maximum Likely Estimate 

Year Population Stops Crane days Take Method 1 Take Method 2 
1 505.00 53.86 240.59 0.26 0.54 
2 525.20 56.02 250.21 0.27 0.57 
3 546.21 58.26 260.22 0.28 0.59 
4 568.06 60.59 270.63 0.29 0.61 
5 590.78 63.01 281.46 0.30 0.64 
6 614.41 65.53 292.72 0.31 0.66 

7 638.99 68.15 304.42 0.33 0.69 
8 664.55 70.88 316.60 0.34 0.72 
9 691.13 73.72 329.26 0.35 0.74 

10 718.77 76.66 342.44 0.37 0.77 
11 747.52 79.73 356.13 0.38 0.81 
12 777.42 82.92 370.38 0.40 0.84 
13 808.52 86.24 385.19 0.41 0.87 
14 840.86 89.69 400.60 0.43 0.91 
15 874.50 93.27 416.63 0.45 0.94 
16 909.48 97.01 433.29 0.46 0.98 
17 945.86 100.89 450.62 0.48 1.02 
18 983.69 104.92 468.65 0.50 1.06 
19 1023.04 109.12 487.39 0.52 1.10 
20 1063.96 113.48 506.89 0.54 1.15 
21 1106.52 118.02 527.16 0.56 1.19 
22 1150.78 122.74 548.25 0.59 1.24 
23 1196.81 127.65 570.18 0.61 1.29 
24 1244.68 132.76 592.99 0.64 1.34 
25 1294.47 138.07 616.71 0.66 1.39 
26 1346.25 143.59 641.38 0.69 1.45 
27 1400.10 149.34 667.03 0.71 1.51 
28 1456.10 155.31 693.71 0.74 1.57 
29 1514.35 161.52 721.46 0.77 1.63 
30 1574.92 167.98 750.32 0.80 1.70 
31 1637.92 174.70 780.33 0.84 1.76 
32 1703.43 181.69 811.54 0.87 1.84 
33 1771.57 188.96 844.01 0.90 1.91 
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34 1842.43 196.51 877.77 0.94 1.99 
35 1916.13 204.38 912.88 0.98 2.06 
36 1992.77 212.55 949.39 1.02 2.15 
37 2072.49 221.05 987.37 1.06 2.23 
38 2155.39 229.89 1026.86 1.10 2.32 
39 2241.60 239.09 1067.94 1.14 2.42 
40 2331.26 248.65 1110.65 1.19 2.51 
41 2424.52 258.60 1155.08 1.24 2.61 
42 2521.50 268.94 1201.28 1.29 2.72 
43 2622.36 279.70 1249.34 1.34 2.83 
44 2727.25 290.89 1299.31 1.39 2.94 
45 2836.34 302.53 1351.28 1.45 3.06 
46 2949.79 314.63 1405.33 1.51 3.18 
47 3067.79 327.21 1461.55 1.57 3.31 
48 3190.50 340.30 1520.01 1.63 3.44 
49 3318.12 353.91 1580.81 1.69 3.58 
50 3450.84 368.07 1644.04 1.76 3.72 

Totals 
   

77,096.88      8,223.20    36,730.28 
                      

39.34 
                      

83.08 
 
 

Growth: 3.5% 95% Confidence Interval Low Estimate 

Year Population Stops Crane days Take Method 1 Take Method 2 
1 439.00 26.34 117.65 0.10 0.27 
2 456.56 27.39 122.36 0.11 0.28 
3 474.82 28.49 127.25 0.11 0.29 
4 493.82 29.63 132.34 0.12 0.30 
5 513.57 30.81 137.64 0.12 0.31 
6 534.11 32.05 143.14 0.13 0.32 
7 555.48 33.33 148.87 0.13 0.34 
8 577.69 34.66 154.82 0.14 0.35 
9 600.80 36.05 161.01 0.14 0.36 

10 624.83 37.49 167.46 0.15 0.38 
11 649.83 38.99 174.15 0.15 0.39 
12 675.82 40.55 181.12 0.16 0.41 
13 702.85 42.17 188.36 0.17 0.43 
14 730.97 43.86 195.90 0.17 0.44 
15 760.21 45.61 203.74 0.18 0.46 
16 790.61 47.44 211.88 0.19 0.48 
17 822.24 49.33 220.36 0.20 0.50 
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18 855.13 51.31 229.17 0.20 0.52 
19 889.33 53.36 238.34 0.21 0.54 
20 924.91 55.49 247.88 0.22 0.56 
21 961.90 57.71 257.79 0.23 0.58 
22 1000.38 60.02 268.10 0.24 0.61 
23 1040.39 62.42 278.83 0.25 0.63 
24 1082.01 64.92 289.98 0.26 0.66 
25 1125.29 67.52 301.58 0.27 0.68 
26 1170.30 70.22 313.64 0.28 0.71 
27 1217.11 73.03 326.19 0.29 0.74 
28 1265.80 75.95 339.23 0.30 0.77 
29 1316.43 78.99 352.80 0.31 0.80 
30 1369.09 82.15 366.92 0.33 0.83 
31 1423.85 85.43 381.59 0.34 0.86 
32 1480.81 88.85 396.86 0.35 0.90 
33 1540.04 92.40 412.73 0.37 0.93 
34 1601.64 96.10 429.24 0.38 0.97 
35 1665.70 99.94 446.41 0.40 1.01 
36 1732.33 103.94 464.27 0.41 1.05 
37 1801.63 108.10 482.84 0.43 1.09 
38 1873.69 112.42 502.15 0.44 1.14 
39 1948.64 116.92 522.24 0.46 1.18 
40 2026.58 121.60 543.12 0.48 1.23 
41 2107.65 126.46 564.85 0.50 1.28 
42 2191.95 131.52 587.44 0.52 1.33 
43 2279.63 136.78 610.94 0.54 1.38 
44 2370.82 142.25 635.38 0.56 1.44 
45 2465.65 147.94 660.79 0.59 1.49 
46 2564.28 153.86 687.23 0.61 1.55 
47 2666.85 160.01 714.72 0.63 1.62 
48 2773.52 166.41 743.30 0.66 1.68 
49 2884.46 173.07 773.04 0.68 1.75 
50 2999.84 179.99 803.96 0.71 1.82 

 Totals 
   

67,020.85     4,021.25    17,961.59     15.91     40.63 
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4.6% 95% Confidence Interval High Estimate 

Population Stops Crane days Take Method 1 Take Method 2 
577.00 100.40 448.44 0.59 1.01 
600.08 104.41 466.38 0.61 1.05 
624.08 108.59 485.04 0.64 1.10 
649.05 112.93 504.44 0.66 1.14 
675.01 117.45 524.62 0.69 1.19 
702.01 122.15 545.60 0.72 1.23 
730.09 127.04 567.43 0.75 1.28 
759.29 132.12 590.12 0.78 1.33 
789.66 137.40 613.73 0.81 1.39 
821.25 142.90 638.28 0.84 1.44 
854.10 148.61 663.81 0.87 1.50 
888.26 154.56 690.36 0.91 1.56 
923.80 160.74 717.97 0.95 1.62 
960.75 167.17 746.69 0.98 1.69 
999.18 173.86 776.56 1.02 1.76 

1039.14 180.81 807.62 1.06 1.83 
1080.71 188.04 839.93 1.11 1.90 
1123.94 195.57 873.53 1.15 1.98 
1168.90 203.39 908.47 1.20 2.05 
1215.65 211.52 944.80 1.24 2.14 
1264.28 219.98 982.60 1.29 2.22 
1314.85 228.78 1021.90 1.35 2.31 
1367.44 237.94 1062.78 1.40 2.40 
1422.14 247.45 1105.29 1.46 2.50 
1479.03 257.35 1149.50 1.51 2.60 
1538.19 267.64 1195.48 1.57 2.70 
1599.72 278.35 1243.30 1.64 2.81 
1663.70 289.48 1293.03 1.70 2.92 
1730.25 301.06 1344.75 1.77 3.04 
1799.46 313.11 1398.54 1.84 3.16 
1871.44 325.63 1454.48 1.92 3.29 
1946.30 338.66 1512.66 1.99 3.42 
2024.15 352.20 1573.17 2.07 3.56 
2105.12 366.29 1636.10 2.15 3.70 
2189.32 380.94 1701.54 2.24 3.85 
2276.89 396.18 1769.60 2.33 4.00 
2367.97 412.03 1840.39 2.42 4.16 
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2462.69 428.51 1914.00 2.52 4.33 
2561.20 445.65 1990.56 2.62 4.50 
2663.64 463.47 2070.18 2.73 4.68 
2770.19 482.01 2152.99 2.83 4.87 
2881.00 501.29 2239.11 2.95 5.06 
2996.24 521.35 2328.67 3.07 5.27 
3116.09 542.20 2421.82 3.19 5.48 
3240.73 563.89 2518.69 3.32 5.70 
3370.36 586.44 2619.44 3.45 5.92 
3505.17 609.90 2724.22 3.59 6.16 
3645.38 634.30 2833.19 3.73 6.41 
3791.19 659.67 2946.52 3.88 6.66 
3942.84 686.05 3064.38 4.03 6.93 

   
88,088.91   15,327.47    68,462.70     90.15   154.85 
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R-Project Whooping Crane Mortality Risk Assessment 
 

Nebraska Public Power District (NPPD) recognizes that power lines within the Aransas-
Wood Buffalo Population (AWBP) migration corridor represent a possible mortality 
source to whooping cranes. There are 10 documented power line collision mortalities in 
the AWBP, which include 2 chicks, 3 sub-adults, and 5 adults. Because there has not 
been a systematic means to detect whooping mortalities, known sources of mortality are 
often extrapolated out to the 546 individual fledged whooping cranes that have died 
between 1950 and 2010 (Stehn and Haralson-Strobel 2014). However, accuratelythis 
number is calculated from counts on the wintering ground and thus may have missed 
some fledged chicks that died during their first migration.  
 
Of the 546 dead individuals, only 50 carcasses have been found. This very low recovery 
rate of carcasses means that timing and cause of mortality must be extrapolated from 
the available data with a large amount of uncertainty as to timing and cause. It is 
assumed that timing of mortality is correctly identified when it occurs on the wintering 
ground. Mortality of cranes at their summer areas is assumed to be low but is unknown 
because of the low probability of finding carcasses in the summer areas (Stehn and 
Haralson-Strobel 2014). Based upon these sparse data, it was concluded that power 
lines are the greatest known cause of mortality to fledged whooping cranes (Stehn and 
Wassenich 2011). However, more recent data from a satellite tracking study are not 
consistent with past publications that asserted that the majority of mortality occurs 
during migration (Pearse et al. 2018). These recent data also indicate that mortality on 
both the wintering and summer areas has likely been underestimated (Pearse et al. 
2018). 
 
The documented AWBP whooping crane mortalities from collision with power lines have 
occurred in locations that range from southern Saskatchewan to Texas and from the 
very center line of the migration corridor to outside the 95% corridor (Stehn and 
Wassenich 2008). The highly dispersed nature (both temporally and spatially) of these 
historic mortality data makes predicting whether, when, or where a collision mayis likely 
to occur is not possible by looking at the historic data.  Additionally, since the first 
reported mortality in 1956, the number of power line impossible at the local scale. 
Intuitively, one would expect areas with more crane use to have more collisions. 
However, the available data (Stehn and Wassenich 2008, Stehn and Haralson-Strobel 
2014) do not support that conclusion. For instance, none of the known collisions have 
occurred in or near critical habitat where crane use is very high and power lines are 
present.   
 
While it may seem reasonable to assume that collision incidents would increase as the 
miles inof power line increase, NPPD evaluated the flywayavailable data and the 
whooping crane population continue to grow withfound no corresponding increase in 
mortality during migration (Figures 1as power line miles increased (Figure 1 and 2).  
Therefore, the rate of mortality as typically measured (percent of population orusing 
mortalities per mile of line) is actually decreasing (Figure 2), indicating that new power 
lines do not automatically equate to new mortality.  Due to the fact that whooping crane 
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mortality on power lines has been documentedWhile the increase in transmission lines 
miles is shown as straight line due to use of an annual rate estimate from the Western 
Area Power Administration, it should be noted that both annual transmission line 
construction rates and annual mortality rates are variable. NPPD did not attempt to 
address this variability statistically but rather provides this analysis to show that there is 
not a positive relationship between new miles of transmission line and crane mortality 
rates. 
 
We also evaluated whether an increasing population equates to increasing collisions. 
To do this, we used data from Stehn and Haralson-Strobel (2014) to calculate 
cumulative crane years (1 crane at Aransas National Wildlife Refuge equals 1 crane 
year) and divided that total by the cumulative collision mortalities. Figure 3 shows that 
the number of cranes years between documented collisions is increasing, meaning that 
it may not be reasonable to assume more collisions with increased populations. The 
empirical data would also support this. Since 2002, the date of the last documented 
power line collision, the population has grown from 184 individuals to 505 (US Fish and 
Wildlife Service 2018) with no documented collisions. NPPD recognizes not all collisions 
are documented. However, it is likely that detection rates and biases have remained 
constant or have increased with increased human populations (i.e., there more people 
to find the crane) and increased awareness of the issue. A linear regression looking at 
the relationship between cumulative crane years and cumulative mortalities is a 
significantly negative (P<0.001, R2=0.35), indicating that it is not sound to assume that 
mortality is increasing at the same rate as the population. 
 
In sum, whooping crane mortality on power lines has been documented, but the data do 
not indicate an increasing rate of incident, even though both the number of whooping 
cranes and miles of power line are increasinghave been and continue to increase. 
Against this backdrop, NPPD completed a risk assessment to evaluate the 
probabilitylikelihood of take on the R-Project. using a mathematical approach based 
upon the available historic information. In this approach, we have stated our 
assumptions and, where possible, have included a sensitivity analysis that 
acknowledges the small amount of data available upon on which those assumptions are 
based.   
 
U.S. Fish and Wildlife Service (USFWS) Region 6 has issued guidance that indicates 
that marking new power lines within one mile of potentially suitable stopover habitat, 
together with an equal amount of existing power lines within one mile of potentially 
suitable stopover habitat, should be sufficient to maintain the baseline condition for 
power line mortality threat to whooping cranes and result in an insignificant and/or 
discountable effect on the species.  This approach is based on the concept that risk 
posed by new structures can be mitigated by marking existing power lines in the 
migration corridor (USFWS 2009). 2010). NPPD is committed to following this Region 6 
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guidance for the R-Project. 1 Based on this guidance, and the risk analysis described 
below, NPPD does not believe that the R-Project willis reasonably certain to result in 
take of a whooping crane and, thus, no incidental take permit for the crane is 
necessary.2  
 
Available Data 
  

Population Data. In 1939, the total number of individuals in the AWBP was 18 birds 
(Texas 2013 and Didrickson 2011).  In 20162018, it is estimated that the AWBP has 
increased to 329505 on traditional wintering areas plus an additional 21 individuals 
outside the traditional wintering areas (USFWS 20162018).   
 

Power Line Data.  The USFWS (2009) estimated transmission line miles in the AWBP 
states using a Western Area Power Administration data set.  NPPD used that same 
data set to estimate that there are 86,657 miles in 2016.  Table 21 below provides the 
breakdown of those transmission line miles by state, as well as the amount that are 
estimated to be within the whooping crane migratory corridor. 
  

                                                           
1 The USFWS has recently indicated that it believes that the effectiveness of bird flight diverters for 
whooping cranes is in the range of 40-60% rather than the 60-80% indicated in the Region 6 guidance. 
As discussed further below, this analysis acknowledges that lower range. 
2 See the adaptive management section of the R-Project Habitat Conservation Plan for addressing future 
changes in collision-risk information. 
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Table 2. 1. Transmission Line Miles  

 
State Transmission Line 

Miles in State 
Percent of State in 
Migratory Corridor 

Transmission Line Miles 
in Migratory Corridor 

Texas 44,199 28.0% 12,375 
Oklahoma 8,696 49.7% 4,322 
Kansas 9,538 47.7% 4,550 
Nebraska 9,377 51.8% 4,857 
South Dakota 6,227 47.1% 2933 
North Dakota 8,617 60.7% 5,231 
Total 86,654 -- 34,268 

 
Based on inquiries to the state rural electric associations, there are roughly 689,000 
miles of rural distribution lines, not including most municipalities in the six central flyway 
states.  Table 32 below provides the breakdown of those distribution line miles by state, 
as well as the amount that areis estimated to be within the whooping crane migratory 
corridor. 

 
Table 3. 2. Distribution Line Miles  

 
State Distribution Line Miles 

in State 
Percent of State in 
Migratory Corridor 

Distribution Line Miles in 
Migratory Corridor 

Texas 257,000 28.0% 71,960 
Oklahoma 117,000 49.7% 58,149 
Kansas 91,000 47.7% 43,407 
Nebraska 100,000 51.8% 51,800 
South Dakota 65,000 47.1% 30,615 
North Dakota 59,000 60.7% 35,813 
Total 689,000 -- 291,744 

 
 
These data indicate that there are approximately 326,000 miles of transmission and 
distribution lines within the AWBP migratory corridor.  This number is obviously dynamic 
and thus was rounded to the nearest thousand miles.  Most, if not all, of these power 
lines were built after the Rural Electrification Act of 1936. 
 
Satellite Tracking Data. In the fall of 2017, data from 58 individual cranes that were 
fitted with satellite tracking devices became available to the public, including NPPD. At 
that time, NPPD engaged Headwaters Corporation, an environmental and statistical 
consulting firm that participated in the tracking study on behalf of the Platte River 
Recovery Implementation Program, to summarize the data and compare it to a 
modeling effort done by Ecosystems Advisors during the public comment period on the 
Draft Environmental Impact Statement for the R-Project. There were no documented 
power line collisions by satellite-tracked birds. However, the results did provide 
information on timing of mortality during the crane life cycle and locations of mortality. 
The satellite data were collected after previously published information on whooping 
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mortality, specifically Stehn and Wassenich (2008) and Stehn and Haralson-Strobel 
(2014). The U.S. Geological Survey compared the data from the tracking study satellite 
to the assumptions regarding mortality in those previous publications and concluded 
that past means of identifying causes and sources of mortality were unreliable (Pearse 
et al. 2018). 

While migrating, cranes tend to fly between elevations of 1,000 to 6,000 feet.  (Kuyt 
1992 in Stehn and Wassenich 2008), well above any potential for collision with power 
lines. It is at the start of the day, taking off from their roosting or feeding location, and at 
the end of the day, coming down to feed or roost, that cranes are most susceptible to 
collision (Stehn 2007). As noted above, the 2010 USFWS Region 6 guidance 
recommends marking new power lines and an equal amount of existing power lines that 
are located within one mile of potentially suitable stopover habitat.  This one-mile 
distance is based on Brown et al. (1987), which indicates that the threat to cranes 
posed by collision decreased to zero when the power line was located a mile (1600 
mmeters) or more from where the bird took flight.  These data do not indicate the type of 
relationship between distance from flight origin and potential for collision; they only state 
that at one mile the risk drops to zero.  The actual relationship is likely a high reduction 
in risk within only a short distance.  Morkill (1991) indicates that sandhill cranes that 
initiated flight more than 250 meters from the line were high enough when going over a 
line that they did not react to it.  Studies on the Platte River indicate that more than 60 
percent of collisions at night occurred when sandhill cranes flushed at less than 500 
mmeters from the line (Murphy et al. 2009). 
 
Wetlands suitable for overnight roost sites for migrating whooping cranes are available 
throughout the migration corridor.  Associated feeding sites within agricultural fields that 
are proximate to wetlands are also available throughout the corridor (Stehn 2007 from 
Stahlecker 1997a, 1997b1997). Currently, no model is available to estimate how many 
power line miles are within one mile of suitable habitat, nor is there a model to exclude 
miles of line that may not be a threat to whooping cranes.  The data oninformation 
regarding whooping crane collisions areis very limited in describing the habitat 
conditions at collision sites.  But when cover type at the collision site is noted, 
information shows that the collisions occurred in agricultural areas (Stehn and 
Wassenich 2008) and not at wetlands.  Agricultural areas typically have more power 
lines than wetland areas and more potential human disturbance to whooping cranes. 
Past studies of sandhill cranes indicate that collisions usually occur when birds are 
moving about in agricultural areas and between roosts and feeding areas (Brown et. al 
1987, Morkill 1991).   
 
 
Collision Data. The USFWS states that power lines are the greatest known source of 
mortality for fledged whooping cranes (Stehn and Wassenich 2008, USFWS 2009b).  
Between 1959 and 2010, 49 whooping cranes have beenwere documented as being 
killed by colliding with power lines.  The bulk of power line mortalities have occurred in 
the experimental introduced flocks (i.e., the Rocky Mountain, Florida Non-Migratory, and 
the Wisconsin-Florida Migratory).  Of these 49 deaths, ten have occurred in the AWBP 
between 1956 and 2014 (Stehn and Haralson-Strobel 2014) (note that this conflicts with 
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the nine reported in Stehn and Wassenich 2008), 21 in the Florida Non-Migratory Flock 
between 1997 and 2010, 13 in the non-extant Rocky Mountain Flock between 1977 and 
2000, and six in the Wisconsin-Florida Migratory Flock between 2001 and 2009 (Stehn 
and Wassenich 2008, USFWS 2009b). 2009). The ten documented mortalities of 
whooping cranes in the AWBP are detailed in Table 13, below. 
 

Table 1. 3. Ten Whooping Crane Collisions in AWBP Flock 
Month Year State/Province Line Type 

May 1956 TX Transmission 
November 1965 KS Distribution 
April 1967 KS Distribution 
October 1981 SK Distribution 
October 1982 TX Distribution 
October  1984 ND Not Available 
October 1988 NE Distribution 
October 1989 NE Distribution 
October 1997 SK Distribution 
April 2002 TX Distribution 

 
The R-Project will not have the potential to take any of the individuals from the 
experimental flocks. Data from those flocks are not used in this analysis because the 
differences between the experimental flocks and the AWBP are considerable; these 
differences include biological, behavioral, managerial, and environmental factors.  Most 
notably, (1) exposure rates to power lines are much higher in all experimental flocks, 
(2) there is greater human incursion into stopover habitat along the migratory pathway 
of the experimental flocks, and (3) the AWBP is the only self-sustaining flock and, thus, 
the only flock where young learn from the experiences of their parents. Thus, because 
consolidating the data for the experimental flocks and the AWBP does not accurately 
assess the risk thatreflect what the AWBP encounters relative to mortality sources in the 
central flyway, this risk analysis does not use any of the information related to the 
experimental flocks. 
 
To perform this riskits analysis, NPPD first considered the ten whooping crane power 
line mortalities within the AWBP in the last 60 years, proportionally expanded to account 
for unknown mortalities as described in the next section below.  However, in light of the 
physical differences between transmission and distribution lines and the differences in 
their respective prevalence on the landscape, NPPD used only transmission line data to 
estimate the risk for the R-Project. 
 
Mortality Estimate. According to Stehn and Haralson-Strobel (2014), the total mortality 
in the AWBP between 1950 and 2010 is 546 (taken from the text; note that Table 1 in 
Stehn and Haralson-Strobel indicates 541 total mortalities).  Only 50 of these 546 
deaths, or about 9.2%, identified the cause of mortality, as the majority of birds that 
disappear from the AWBP are completely unaccounted for (Stehn and Haralson-Strobel 
2014).  It has been reported that 80% of mortality occurs off the wintering grounds and 
likelikely occurs during migration (Lewis et al. 1992, Stehn and Haralson Strobel 2014).  
However, thea recent satellite tracking study currently being completed indicates that 
this past assumption is incorrect and that mortality is proportional to the whooping 
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crane’s life cycle (Brandt 2014).  Pearse et al. 2018).3  It should be noted that the total 
of 546 mortalities is based on birds that made it to the Aransas National Wildlife Refuge 
and thus would not include mortality of juvenile cranes pre-fledge or during their first fall 
migration. One documented migration mortality and one suspected mortality in the 
satellite tracking study involved juvenile cranes during their first migration. The satellite 
tracking study showed that mortality on the winter grounds occurred at times when 
individuals were still migrating in or starting to migrate out, which would have likely been 
attributed to non-winter mortality using historical methods (Pearse et al. 2018). The 
satellite tracking study showed a great deal more mortality on the nesting grounds than 
had previously been documented (Pearse et al. 2018), although it had been speculated 
that it could be occurring (Stehn and Haralson-Strobel 2014). 

The whooping crane is in migration approximately 17% of the year (USFWS 2009).  
Thus, the number of mortalities that occurred during migration is estimated at 93 (17% 
of 546).  Out of the 50 recovered carcasses, 28 occurred during migration (Stehn and 
Haralson-Strobel 2014). The probability of detection of carcasses in migration areas is 
likely much higher than either the wintering or summering areas. Both the traditional 
winter areas and the nesting areas have very limited human access, due to both their 
location and their status as a National Wildlife Refuge and a National Park, respectively. 
Out of those 28, one is reported to be caused by collision with a transmission line 
(Stehn and Haralson-Strobel 2014).  In other words, approximately 3.6% (1/28) of 
identified mortalities during migration can be attributed to transmission lines.  Applying 
this ratio to the 93 estimated mortalities during migration, it is estimated that 
approximately 4 whooping cranes (rounded up from 3.3) have collided with transmission 
lines in the migratory corridor in the United States and Canada since 1956.  Although 
only 80% of the known power line collisions occurred in the United States (8 out of the 
10), we assumed all 4 collisions transmission lines occurred in the United States.  This 
equates to 0.067 crane collisions with transmission lines per year (estimated 4 collisions 
with transmission lines over the 60-year period from 1956 to 2016). 
 
It should beAs noted thatabove, there is no indication that there is a causal relationship 
between the number of miles of power line and the number of whooping crane; as 
collisions. As both the number of whooping cranes and number of miles of power line 
have increased, there has not been a corresponding increase in collision mortality 
(Figure 2).  As a result, the mortality rate per mile, or as a percentage of the population, 
is actually lower then if the analysis had been done in 1956 when the collision was 
reported. 
 
Potential Risk-Assessment Methods 
 
Exposure Rates.  One potential method of risk assessment would be to estimate the 
number of mortalities calculated as a percentage of the number of times cranes crossed 

                                                           
3 Approximately 15% of the mortality of the marked whooping cranes during the tracking study occurred 
during migration (Pearse et al. 2018). NPPD is conservatively using 17%, as that represents the 
proportion of the whooping crane’s life cycle that is spent in migration.  
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a power line.  This method has been used in evaluating the effectiveness of line 
markers for sandhill cranes and waterfowl (Brown et al. 1987, Morkill 1991) and has 
been estimated based on available habitat for blue cranes using GIS (Shaw 2010) 
because it standardizes collisions relative to the exposure rate.  This risk-analysis 
method requires extensive exposure-rate data that do not exist for the AWBP.  
Moreover, power line collision mortality in the AWBP does not appear to be associated 
with known high-use areas (Figure 3).  Sandhill cranes in Nebraska have a mortality 
rate of approximately 1 mortality per 100,000 exposures (Morkill 1991).  This indicates 
that ), while mortalities in the San Luis Valley of Colorado are approximately 30 
mortalities per 100,000 exposures (Brown et al. 1987). Due to the dispersed nature of 
whooping crane stopover sites, collecting this type ofactual data for whooping cranes 
would not be possible, but alsoand estimation of exposure (like was done by 
Ecosystems Advisors) would require assumptions that cannot be verified. Brown et al. 
(1987) indicates that environmental factors other than just high exposure rates likely 
play a role in whooping crane power line interactions. collision rates, which makes them 
unpredictable. The significantly different collision rates available in existing literature 
(Brown et al. 1987 and Morkill 1991) support the conclusion that factors other than just 
exposure rates influence collision rates, and application of collision rates from one study 
to a different area or even a different time would result in highly uncertain predictions. 
Therefore, NPPD did not use this method.   
 
While NPPD did not utilize this methodology, we recognize that the recently available 
telemetry data could theoretically be utilized in this type of analysis. However, because 
no tagged birds collided with a power line, it is not possible to get a collision rate from 
those data. The telemetry data do allow us to calculate how often whooping cranes are 
within one mile of a transmission line with no collision. Of the 58 whooping cranes that 
were tracked, 53 had at least one use point within a mile of a transmission line, and 
11.5% (1510/13150) of all use points were within one mile of a transmission line. GIS 
data are not available for distribution lines. However, the tracking partnership did site 
visits to 4,937 use locations, and, of those locations, 66% were within a mile of a power 
line, 95% of which were distribution lines. 
 
During the public comment period on the Draft Environmental Impact Statement, the 
USFWS received comments suggesting the use of an exposure model created by 
Ecosystems Advisors derived from historic crane sightings, satellite tracking use 
locations, a maximum average distance moved during stopovers calculated from the 
satellite data, and assumptions on how often a whooping crane flies over a line. NPPD 
and the USFWS both hired independent reviews of the model, which identified 
numerous issues with the model and the results. The model was:  
 
Miles of power line in a whooping crane use cluster*collision rate*migration 
reoccurrence*flights over line or  
 
147*0.0041*1.34*2.15=1.73 
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While the authors of the model asserted that they validated their model, it was not clear 
how. Their estimated annual mortality without the R-Project was 0.19 to 3.37 power line 
mortalities a year. Yet their model predicted that the R-Project—which represents only a 
0.07% increase in line miles—was going to create an additional 1.73 to 4.46 mortalities 
per year. Their model predicted that the R-Project was going to somehow result in more 
mortality than the other 99.3% of the lines combined.   
 
Presumably, Ecosystems Advisors’ model can be applied to any power line, including 
those that already exist and that have documented use close to them. Application of 
that model to those existing lines with proximal whooping crane use would result in high 
levels of annual mortality in the AWBP that does not reflect reality. Since NPPD, the 
independent reviewers hired by NPPD, and the independent reviewers hired by the 
USFWS could not figure out the basis for key elements of the Ecosystem Advisor model  
or how they worked and had significant concerns about Ecosystem Advisors’ 
assumptions, and because that model predicted more mortality on the 225 miles of the 
R-Project than has occurred on the other 326,000 miles of existing power line, NPPD 
does believe the model is useful representation of mortality. Therefore, NPPD has 
concluded that the data still do not exist for these types of exposure models; there is a 
lack of data regarding when whooping cranes were exposed to but did not collide with a 
line. This information may become available with better tracking mechanisms but does 
not exist today. 
 
Probability of Collision Based on Line Miles.  Another risk-assessment methodology is 
to estimate risk based on the number of collisions as compared to the number of miles 
of power lines. Ideally, the miles of line would be stratified as to the level of risk they 
pose (Shaw et al. 2010). As discussed above, there are approximately 326,000 miles of 
overhead power line within the U.S. portion of the AWBP migratory corridor.  NPPD has 
reported data on all line types for the reader’s reference.  However, our analysis only 
includes those data relevant to transmission lines.  If we assume that all 34,268 miles of 
transmission line (conservatively rounded down to 34,000 for analysis) have an equal 
probability of collision, the per-mile risk of mortality would be 0.00000197 cranes per 
mile per year (0.067 crane per year divided by 34,000).   
 
NPPD recognizes it is unlikely that all of the 34,000 estimated miles of transmission line 
pose a similar level of threat to the crane. NPPD is aware of several different efforts to 
model whooping crane habitat in the flyway relative to the probability of use.  However, 
due to the very limited number of documented mortalities on any overhead lines and the 
fact that documented collisions are widespread, both temporally and spatially (Figure 
34), and do not appear to be related to areas with frequent use, it is difficult to envision 
how even a model that accurately predicts probability of use could meaningfully predict 
probability of collision.  NPPD used a modelcompleted an analysis to identify potentially 
suitable stopover habitat as a means to comply with the Region 6 Guidelines on 
marking power lines but did not attempt the kind of modelsto create a model that 
predictpredicts probability of use due to the apparent lack of correlation between use 
and collisions.  Additionally, NPPD does not know how a model of predicted use would 
relate to the places mortality has occurred.  For this reason, NPPD used the entire 
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34,000 miles of transmission line, and addressed this assumption in a sensitivity 
analysis included herein, but we recognize. 
 
NPPD recognizes that the state of the science is not settled to the point that broad 
consensus exists on the best approach to modeling.   Both the FWS and its 
independent expert concluded that the paucity of data on collision mortality, coupled 
with the temporal and spatial scale at which it occurs, leads to final conclusions that 
have so much uncertainty that they cannot be defended from a scientific view. NPPD 
agrees that is a reasonable conclusion. That very lack of certainty is why NPPD 
incorporated a sensitivity analysis into its evaluation of how likely it was to take a 
whooping crane. 

 
Application to the R-Project 
For the proposed R-Project, 225 miles of new transmission line would be constructed in 
the AWBP migratory corridor.  Applying the probability-collision-risk estimation 
methodology from above (using all 34,000 miles of transmission line) to the 225-mile 
R-Project would equate to a risk of 0.00044 cranes per year (225 * 0.00000197) or 
0.022 cranes per the 50-year project life (0.00044 * 50). 4 This risk does not take into 
account that approximately 45% of the 50line is likely not near suitable habitat or the 
40% to 80% risk60% collision reduction achieved through line marking. 
 
   
Assumption Sensitivity Analysis 
There are assumptions used in the above estimation, and the data set is very small.  
Therefore, a sensitivity analysis is provided below for the reader to evaluate the effects 
of those assumptions. 
 
 
Data Assumption 1 – Miles NPPD used all 34,000 miles of existing transmission line 
used were 34,000. . Use of all miles was based on the following facts:  (1) there is 
currently no defensible method for correlating habitat quality and collision risk; 
(2) analysis of the GPS tracking data presented in Pearse et al. (2015) indicates that 
areas of high-density habitat do not necessarily have the highest levels of whooping 
crane use along the R-Project route; (3) collisions where land cover was documented 
have occurred in agricultural lands (Stehn and Wassenich 2008)), and (24) when a one-
mile buffer is placed around NWI wetlands, it encompasses virtually the entire flyway.  
Further modification of how NWI data may represent suitable habitat may be possible, 
but USFWS (2009) also indicates that wetland habitat is available throughout the 
flyway, so this effort was not undertaken.  While figuring out a logical way to identify 
which miles of power line to use may be difficult, understanding the implications of 
reducing the number of miles is not.  The modelcollision estimate is simple division and 
multiplication with the following equations. 
 
                                                           
4 This equates to one crane every 2273 years. 
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Crane mortalities per year/miles of power line = probability of collision/mile/year 
 
Probability of collisionCollision/mile/year* Miles of R-Project*Years in Service= 
ProbabilityNumber of collisioncollisions in life of line. 

 
Because of that, a reduction in line miles produces an equal but inverse result in the 
probabilitynumber of collisioncollisions (i.e., decreasing line miles by half doubles 
riskthe collision estimate). 

 
 Original analysis = 0.067/34,000 = 0.00000197 collision/mile/year 

  0.00000197*225*50 = 0.022 probability of collisioncollisions in 50-year 
period 
 

 “Half of all lines” risk analysis = 0.067/17,000 = 0.0000039 collision/mile/year 
  0.0000039*225*50 = 0.044 probability of collisioncollisions in 50-year 
period 
 

 “10% of lines” risk analysis = 0.067/3400=0.0000197 collision/mile/year 
  0.0000197*225*50 = 0.22 probability of collisioncollisions in 50-year period 
 
Without knowing why a mile of transmission line mile would not be considered a risk 
and how this would apply to the R-Project, any reduction in line miles would be arbitrary, 
but it is illustrative to see the effect.   
 
NPPD’s assessment of the potentially suitable stopover habitatIn the absence of an 
assessment that evaluates potential stopover habitat along all the existing miles of 
transmission line or an identified correlation between probability of habitat use and 
collision risk, it is not possible to determine which transmission line miles would not be 
considered a risk. Therefore, any reduction in line miles would be arbitrary. Since there 
has only been a single documented whooping crane collision with a transmission line, 
and that collision occurred in 1956, NPPD did not undertake an effort to model which 
miles of the existing transmission lines are within 1 mile of potentially suitable habitat. 
Such a modeling effort would be a major undertaking and outside the scope needed for 
this analysis. However, NPPD reviewed the location of NWI wetlands within the central 
flyway and found that virtually all 34,000 miles of transmission line are within 1 mile of 
such a wetland. The sensitivity analysis above shows the effect of reducing miles and 
that the equations underlying NPPD’s analysis are easily modified if new data or models 
of crane habitat become available. 
 
NPPD did complete a habitat assessment to identify the areas where a whooping crane 
may initiate flight within 1 mile of the R-Project (potentially suitable stopover habitat). 
That assessment indicated that 123 miles of the R-Project are within one mile of 
potential suitable stopover habitat.  NPPD has agreed to mark those 123 miles with bird 
flight diverters.  Recognizing that marking lines has been shown to be at least 50% 
effective, that would change the original equation to: 
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 0.00000197*123*50 = 0.012 probability of collision in a 50-year period. 
 
 
Data Assumption 2 – Power line mortality estimates are proportionally assigned to all 
mortality during migration, requiring an assumption of equal probability of detection.  
While it seems highly likely that not all power line mortality is observed, it also seems 
likely that it is detected at higher levels than numerous other sources of mortality, such 
as predation, disease, and even intentional shooting.  However, like the other 
assumption regarding transmission line miles, there is currently no good waydefensible 
approach to address this assumption but. However, it can be bracketed as to the outer 
extremes. 

 
 The original analysis provided would be the upper extreme. 
 Based on the available data, which do not allow for adjustment due to detection 

bias without introducing new assumptions, the original analysis—which 
proportionally increased collision mortality to the total estimated missing 
cranes—would be the upper limit of estimated collision mortality. 

 Assume all collisions have been documented. Total of 1 individual collided or 
0.017 individuals per year (1/60 years).  This equates to a mortality rate of 
0.0000005/mile/year (0.017/34,000).  Using this rate, the original analysis 
equation is 0.0000005*225*50=0.006 probability of collision in 50 years. 
 

It should be noted that, whether using the 10 documented collisions on all overhead 
lines or the 1 reported collision on a transmission line, any analysis is based on very low 
sample sizes over long periods and thus should be viewed only as an estimate of the 
risk associated with a new line in 2016. 2018. Obviously, the addition of just a few more 
data points may affect this analysis and the resultant probabilitycalculation of take of a 
whooping crane. 
 
 
Conclusion 
Intuitively, it is tempting to assume that any new miles of power line will create a new 
source of potential mortality for whooping cranes; however, the above analysis 
demonstrates that any actual incremental risk is very small.  Empirical data indicate that 
the reality of adding new power lines, coupled with a growing whooping crane 
population, has not resulted in an increase in mortality due to collisions (Table 1, 
Figures 1 and 2).  Since 1993, it is estimated that number of miles of transmission line 
in the flyway has increased by approximately 11,000 miles and the whooping crane 
population has doubled, and yet there are no documented collision mortalities with 
transmission lines in that time period. 
 
With only ten documented power line mortalities in the AWBP in the past 60 years, any 
interpretation of the threat that power lines pose to this population requires making 
numerous assumptions and extrapolation of a very limited data set.  Further reducing 
that number to the data only relevant transmission lines results in extrapolation from a 
single reported incident to the overall impact. NPPD has clearly stated what our 

Formatted: Indent: First line:  0"
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assumptions are and how the data were extrapolated in this analysis and evaluated the 
sensitivity of those assumptions to change.  NPPD concludes that the risk ofit is not 
reasonably certain that whooping crane mortality on the R-Project iswill occur. The 
estimated risk is extremely low enough that, after the Region 6 Guidelines are 
implemented, the risk becomes insignificant or discountable. and is further reduced by 
marking portions of R-Project. This conclusion is based on the limited empirical data at 
hand, which are: 
 

 Only 10 documented mortalities in the AWBP in 60 years with only one of those 
on a transmission line. 

 The population has grown from 15 birds to the current 329505 at the same time 
power lines went from basically zero on the landscape to what exists today. 

 The AWBP has grown at 4.6% annually over the past 70 years.  
 Documented mortality has not occurred in the identified high-use areas, which 

makes predicting where mortality will occur using past data impossible. 
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Figure 1. Whooping crane population growth and mortality from 1950 to present 2010.  
Data from Stehn and Haralson-Strobel (2014). 
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Figure 2.  Transmission line development and whooping crane mortality.  Whooping 
crane data from Stehn and Haralson-Strobel (2014. ). Transmission line data from the 
Western Area Power Administration (2012). 
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Figure 3. Crane years per collision is calculated as the cumulative sum of crane years 
divided by the cumulative sum of collisions on an annual basis. Increasing trend 
suggest fewer collisions per crane year as the population grows.  
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Figure 4. Map of mortality verses observational and satellite tracking data,  transmission 
lines are shown as blue lines.  
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R-Project Whooping Crane Mortality Risk Assessment 
 

Nebraska Public Power District (NPPD) recognizes that power lines within the Aransas-
Wood Buffalo Population (AWBP) migration corridor represent a mortality source to 
whooping cranes. There are 10 documented power line collision mortalities in the 
AWBP, which include 2 chicks, 3 sub-adults, and 5 adults. Because there has not been 
a systematic means to detect whooping mortalities, known sources of mortality are often 
extrapolated out to the 546 individual fledged whooping cranes that have died between 
1950 and 2010 (Stehn and Haralson-Strobel 2014). However, this number is calculated 
from counts on the wintering ground and thus may have missed some fledged chicks 
that died during their first migration.  
 
Of the 546 dead individuals, only 50 carcasses have been found. This very low recovery 
rate of carcasses means that timing and cause of mortality must be extrapolated from 
the available data with a large amount of uncertainty as to timing and cause. It is 
assumed that timing of mortality is correctly identified when it occurs on the wintering 
ground. Mortality of cranes at their summer areas is assumed to be low but is unknown 
because of the low probability of finding carcasses in the summer areas (Stehn and 
Haralson-Strobel 2014). Based upon these sparse data, it was concluded that power 
lines are the greatest known cause of mortality to fledged whooping cranes (Stehn and 
Wassenich 2011). However, more recent data from a satellite tracking study are not 
consistent with past publications that asserted that the majority of mortality occurs 
during migration (Pearse et al. 2018). These recent data also indicate that mortality on 
both the wintering and summer areas has likely been underestimated (Pearse et al. 
2018). 
 
The documented AWBP whooping crane mortalities from collision with power lines have 
occurred in locations that range from southern Saskatchewan to Texas and from the 
very center line of the migration corridor to outside the 95% corridor (Stehn and 
Wassenich 2008). The highly dispersed nature (both temporally and spatially) of these 
historic mortality data makes predicting where a collision is likely to occur impossible at 
the local scale. Intuitively, one would expect areas with more crane use to have more 
collisions. However, the available data (Stehn and Wassenich 2008, Stehn and 
Haralson-Strobel 2014) do not support that conclusion. For instance, none of the known 
collisions have occurred in or near critical habitat where crane use is very high and 
power lines are present.   
 
While it may seem reasonable to assume that collision incidents would increase as the 
miles of power line increase, NPPD evaluated the available data and found no 
corresponding increase in mortality during migration as power line miles increased 
(Figure 1). Therefore, the rate of mortality as measured using mortalities per mile of line 
is actually decreasing (Figure 2), indicating that new power lines do not automatically 
equate to new mortality. While the increase in transmission lines miles is shown as 
straight line due to use of an annual rate estimate from the Western Area Power 
Administration, it should be noted that both annual transmission line construction rates 
and annual mortality rates are variable. NPPD did not attempt to address this variability 
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statistically but rather provides this analysis to show that there is not a positive 
relationship between new miles of transmission line and crane mortality rates. 
 
We also evaluated whether an increasing population equates to increasing collisions. 
To do this, we used data from Stehn and Haralson-Strobel (2014) to calculate 
cumulative crane years (1 crane at Aransas National Wildlife Refuge equals 1 crane 
year) and divided that total by the cumulative collision mortalities. Figure 3 shows that 
the number of cranes years between documented collisions is increasing, meaning that 
it may not be reasonable to assume more collisions with increased populations. The 
empirical data would also support this. Since 2002, the date of the last documented 
power line collision, the population has grown from 184 individuals to 505 (US Fish and 
Wildlife Service 2018) with no documented collisions. NPPD recognizes not all collisions 
are documented. However, it is likely that detection rates and biases have remained 
constant or have increased with increased human populations (i.e., there more people 
to find the crane) and increased awareness of the issue. A linear regression looking at 
the relationship between cumulative crane years and cumulative mortalities is a 
significantly negative (P<0.001, R2=0.35), indicating that it is not sound to assume that 
mortality is increasing at the same rate as the population. 
 
In sum, whooping crane mortality on power lines has been documented, but the data do 
not indicate an increasing rate of incident, even though both the number of whooping 
cranes and miles of power line have been and continue to increase. Against this 
backdrop, NPPD completed a risk assessment to evaluate the likelihood of take on the 
R-Project using a mathematical approach based upon the available historic information. 
In this approach, we have stated our assumptions and, where possible, have included a 
sensitivity analysis that acknowledges the small amount of data available upon on which 
those assumptions are based.   
 
U.S. Fish and Wildlife Service (USFWS) Region 6 has issued guidance that indicates 
that marking new power lines within one mile of potentially suitable stopover habitat, 
together with an equal amount of existing power lines within one mile of potentially 
suitable stopover habitat, should be sufficient to maintain the baseline condition for 
power line mortality threat to whooping cranes and result in an insignificant and/or 
discountable effect on the species. This approach is based on the concept that risk 
posed by new structures can be mitigated by marking existing power lines in the 
migration corridor (USFWS 2010). NPPD is committed to following this Region 6 
guidance for the R-Project.1 Based on this guidance, and the risk analysis described 
below, NPPD does not believe that the R-Project is reasonably certain to result in take 
of a whooping crane and, thus, no incidental take permit for the crane is necessary.2  
 

                                                           
1 The USFWS has recently indicated that it believes that the effectiveness of bird flight diverters for 
whooping cranes is in the range of 40-60% rather than the 60-80% indicated in the Region 6 guidance. 
As discussed further below, this analysis acknowledges that lower range. 
2 See the adaptive management section of the R-Project Habitat Conservation Plan for addressing future 
changes in collision-risk information. 
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Available Data 
  

Population Data. In 1939, the total number of individuals in the AWBP was 18 birds 
(Texas 2013 and Didrickson 2011). In 2018, it is estimated that the AWBP has 
increased to 505 on traditional wintering areas plus an additional 21 individuals outside 
the traditional wintering areas (USFWS 2018).   
 

Power Line Data. The USFWS (2009) estimated transmission line miles in the AWBP 
states using a Western Area Power Administration data set. NPPD used that same data 
set to estimate that there are 86,657 miles in 2016. Table 1 below provides the 
breakdown of those transmission line miles by state, as well as the amount that are 
estimated to be within the whooping crane migratory corridor. 
 

Table 1. Transmission Line Miles 

State Transmission Line 
Miles in State 

Percent of State in 
Migratory Corridor 

Transmission Line Miles 
in Migratory Corridor 

Texas 44,199 28.0% 12,375 
Oklahoma 8,696 49.7% 4,322 
Kansas 9,538 47.7% 4,550 
Nebraska 9,377 51.8% 4,857 
South Dakota 6,227 47.1% 2933 
North Dakota 8,617 60.7% 5,231 
Total 86,654 -- 34,268 

 
Based on inquiries to the state rural electric associations, there are roughly 689,000 
miles of rural distribution lines, not including most municipalities in the six central flyway 
states. Table 2 below provides the breakdown of those distribution line miles by state, 
as well as the amount that is estimated to be within the whooping crane migratory 
corridor. 

 
Table 2. Distribution Line Miles  

 
State Distribution Line Miles 

in State 
Percent of State in 
Migratory Corridor 

Distribution Line Miles in 
Migratory Corridor 

Texas 257,000 28.0% 71,960 
Oklahoma 117,000 49.7% 58,149 
Kansas 91,000 47.7% 43,407 
Nebraska 100,000 51.8% 51,800 
South Dakota 65,000 47.1% 30,615 
North Dakota 59,000 60.7% 35,813 
Total 689,000 -- 291,744 

 
 
These data indicate that there are approximately 326,000 miles of transmission and 
distribution lines within the AWBP migratory corridor. This number is obviously dynamic 
and thus was rounded to the nearest thousand miles. Most, if not all, of these power 
lines were built after the Rural Electrification Act of 1936. 
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Satellite Tracking Data. In the fall of 2017, data from 58 individual cranes that were 
fitted with satellite tracking devices became available to the public, including NPPD. At 
that time, NPPD engaged Headwaters Corporation, an environmental and statistical 
consulting firm that participated in the tracking study on behalf of the Platte River 
Recovery Implementation Program, to summarize the data and compare it to a 
modeling effort done by Ecosystems Advisors during the public comment period on the 
Draft Environmental Impact Statement for the R-Project. There were no documented 
power line collisions by satellite-tracked birds. However, the results did provide 
information on timing of mortality during the crane life cycle and locations of mortality. 
The satellite data were collected after previously published information on whooping 
mortality, specifically Stehn and Wassenich (2008) and Stehn and Haralson-Strobel 
(2014). The U.S. Geological Survey compared the data from the tracking study satellite 
to the assumptions regarding mortality in those previous publications and concluded 
that past means of identifying causes and sources of mortality were unreliable (Pearse 
et al. 2018). 

While migrating, cranes tend to fly between elevations of 1,000 to 6,000 feet (Kuyt 1992 
in Stehn and Wassenich 2008), well above any potential for collision with power lines. It 
is at the start of the day, taking off from their roosting or feeding location, and at the end 
of the day, coming down to feed or roost, that cranes are most susceptible to collision 
(Stehn 2007). As noted above, the 2010 USFWS Region 6 guidance recommends 
marking new power lines and an equal amount of existing power lines that are located 
within one mile of potentially suitable stopover habitat. This one-mile distance is based 
on Brown et al. (1987), which indicates that the threat to cranes posed by collision 
decreased to zero when the power line was located a mile (1600 meters) or more from 
where the bird took flight. These data do not indicate the type of relationship between 
distance from flight origin and potential for collision; they only state that at one mile the 
risk drops to zero. The actual relationship is likely a high reduction in risk within only a 
short distance. Morkill (1991) indicates that sandhill cranes that initiated flight more than 
250 meters from the line were high enough when going over a line that they did not 
react to it. Studies on the Platte River indicate that more than 60 percent of collisions at 
night occurred when sandhill cranes flushed at less than 500 meters from the line 
(Murphy et al. 2009). 
 
Wetlands suitable for overnight roost sites for migrating whooping cranes are available 
throughout the migration corridor. Associated feeding sites within agricultural fields that 
are proximate to wetlands are also available throughout the corridor (Stehn 2007 from 
Stahlecker 1997). Currently, no model is available to estimate how many power line 
miles are within one mile of suitable habitat, nor is there a model to exclude miles of line 
that may not be a threat to whooping cranes. The information regarding whooping crane 
collisions is very limited in describing the habitat conditions at collision sites. But when 
cover type at the collision site is noted, information shows that the collisions occurred in 
agricultural areas (Stehn and Wassenich 2008) and not at wetlands. Agricultural areas 
typically have more power lines than wetland areas and more potential human 
disturbance to whooping cranes. Past studies of sandhill cranes indicate that collisions 



5 
 

usually occur when birds are moving about in agricultural areas and between roosts and 
feeding areas (Brown et. al 1987, Morkill 1991).   
 
Collision Data. Between 1959 and 2010, 49 whooping cranes were documented as 
being killed by colliding with power lines. The bulk of power line mortalities have 
occurred in the experimental introduced flocks (i.e., the Rocky Mountain, Florida Non-
Migratory, and the Wisconsin-Florida Migratory). Of these 49 deaths, ten have occurred 
in the AWBP between 1956 and 2014 (Stehn and Haralson-Strobel 2014) (note that this 
conflicts with the nine reported in Stehn and Wassenich 2008), 21 in the Florida Non-
Migratory Flock between 1997 and 2010, 13 in the non-extant Rocky Mountain Flock 
between 1977 and 2000, and six in the Wisconsin-Florida Migratory Flock between 
2001 and 2009 (Stehn and Wassenich 2008, USFWS 2009). The ten documented 
mortalities of whooping cranes in the AWBP are detailed in Table 3, below. 
 

Table 3. Ten Whooping Crane Collisions in AWBP Flock 
Month Year State/Province Line Type 

May 1956 TX Transmission 
November 1965 KS Distribution 
April 1967 KS Distribution 
October 1981 SK Distribution 
October 1982 TX Distribution 
October  1984 ND Not Available 
October 1988 NE Distribution 
October 1989 NE Distribution 
October 1997 SK Distribution 
April 2002 TX Distribution 

 
The R-Project will not have the potential to take any of the individuals from the 
experimental flocks. Data from those flocks are not used in this analysis because the 
differences between the experimental flocks and the AWBP are considerable; these 
differences include biological, behavioral, managerial, and environmental factors. Most 
notably, (1) exposure rates to power lines are much higher in all experimental flocks, 
(2) there is greater human incursion into stopover habitat along the migratory pathway 
of the experimental flocks, and (3) the AWBP is the only self-sustaining flock and, thus, 
the only flock where young learn from the experiences of their parents. Thus, because 
consolidating the data for the experimental flocks and the AWBP does not accurately 
reflect what the AWBP encounters relative to mortality sources in the central flyway, this 
analysis does not use any of the information related to the experimental flocks. 
 
To perform its analysis, NPPD first considered the ten whooping crane power line 
mortalities within the AWBP in the last 60 years, proportionally expanded to account for 
unknown mortalities as described in the next section below. However, in light of the 
physical differences between transmission and distribution lines and the differences in 
their respective prevalence on the landscape, NPPD used only transmission line data to 
estimate the risk for the R-Project. 
 
Mortality Estimate. According to Stehn and Haralson-Strobel (2014), the total mortality 
in the AWBP between 1950 and 2010 is 546 (taken from the text; note that Table 1 in 
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Stehn and Haralson-Strobel indicates 541 total mortalities). Only 50 of these 546 
deaths, or about 9.2%, identified the cause of mortality, as the majority of birds that 
disappear from the AWBP are completely unaccounted for (Stehn and Haralson-Strobel 
2014). It has been reported that 80% of mortality occurs off the wintering grounds and 
likely occurs during migration (Lewis et al. 1992, Stehn and Haralson Strobel 2014). 
However, a recent satellite tracking study indicates that this past assumption is incorrect 
and that mortality is proportional to the whooping crane’s life cycle (Pearse et al. 2018).3  
It should be noted that the total of 546 mortalities is based on birds that made it to the 
Aransas National Wildlife Refuge and thus would not include mortality of juvenile cranes 
pre-fledge or during their first fall migration. One documented migration mortality and 
one suspected mortality in the satellite tracking study involved juvenile cranes during 
their first migration. The satellite tracking study showed that mortality on the winter 
grounds occurred at times when individuals were still migrating in or starting to migrate 
out, which would have likely been attributed to non-winter mortality using historical 
methods (Pearse et al. 2018). The satellite tracking study showed a great deal more 
mortality on the nesting grounds than had previously been documented (Pearse et al. 
2018), although it had been speculated that it could be occurring (Stehn and Haralson-
Strobel 2014). 

The whooping crane is in migration approximately 17% of the year (USFWS 2009). 
Thus, the number of mortalities that occurred during migration is estimated at 93 (17% 
of 546). Out of the 50 recovered carcasses, 28 occurred during migration (Stehn and 
Haralson-Strobel 2014). The probability of detection of carcasses in migration areas is 
likely much higher than either the wintering or summering areas. Both the traditional 
winter areas and the nesting areas have very limited human access, due to both their 
location and their status as a National Wildlife Refuge and a National Park, respectively. 
Out of those 28, one is reported to be caused by collision with a transmission line 
(Stehn and Haralson-Strobel 2014). In other words, approximately 3.6% (1/28) of 
identified mortalities during migration can be attributed to transmission lines. Applying 
this ratio to the 93 estimated mortalities during migration, it is estimated that 
approximately 4 whooping cranes (rounded up from 3.3) have collided with transmission 
lines in the migratory corridor in the United States and Canada since 1956. Although 
only 80% of the known power line collisions occurred in the United States (8 out of the 
10), we assumed all 4 collisions transmission lines occurred in the United States. This 
equates to 0.067 crane collisions with transmission lines per year (estimated 4 collisions 
with transmission lines over the 60-year period from 1956 to 2016). 
 
As noted above, there is no indication that there is a causal relationship between the 
number of miles of power line and the number of whooping crane collisions. As both the 
number of whooping cranes and number of miles of power line have increased, there 
has not been a corresponding increase in collision mortality (Figure 2). As a result, the 
mortality rate per mile, or as a percentage of the population, is actually lower then if the 
analysis had been done in 1956 when the collision was reported. 

                                                           
3 Approximately 15% of the mortality of the marked whooping cranes during the tracking study occurred 
during migration (Pearse et al. 2018). NPPD is conservatively using 17%, as that represents the 
proportion of the whooping crane’s life cycle that is spent in migration. 
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Potential Risk-Assessment Methods 
 
Exposure Rates. One potential method of risk assessment would be to estimate the 
number of mortalities calculated as a percentage of the number of times cranes crossed 
a power line. This method has been used in evaluating the effectiveness of line markers 
for sandhill cranes and waterfowl (Brown et al. 1987, Morkill 1991) and has been 
estimated based on available habitat for blue cranes using GIS (Shaw 2010) because it 
standardizes collisions relative to the exposure rate. This risk-analysis method requires 
extensive exposure-rate data that do not exist for the AWBP. Sandhill cranes in 
Nebraska have a mortality rate of approximately 1 mortality per 100,000 exposures 
(Morkill 1991), while mortalities in the San Luis Valley of Colorado are approximately 30 
mortalities per 100,000 exposures (Brown et al. 1987). Due to the dispersed nature of 
whooping crane stopover sites, collecting actual data for whooping cranes would not be 
possible, and estimation of exposure (like was done by Ecosystems Advisors) would 
require assumptions that cannot be verified. Brown et al. (1987) indicates that 
environmental factors other than just exposure rates likely play a role in crane power 
line collision rates, which makes them unpredictable. The significantly different collision 
rates available in existing literature (Brown et al. 1987 and Morkill 1991) support the 
conclusion that factors other than just exposure rates influence collision rates, and 
application of collision rates from one study to a different area or even a different time 
would result in highly uncertain predictions. Therefore, NPPD did not use this method.   
 
While NPPD did not utilize this methodology, we recognize that the recently available 
telemetry data could theoretically be utilized in this type of analysis. However, because 
no tagged birds collided with a power line, it is not possible to get a collision rate from 
those data. The telemetry data do allow us to calculate how often whooping cranes are 
within one mile of a transmission line with no collision. Of the 58 whooping cranes that 
were tracked, 53 had at least one use point within a mile of a transmission line, and 
11.5% (1510/13150) of all use points were within one mile of a transmission line. GIS 
data are not available for distribution lines. However, the tracking partnership did site 
visits to 4,937 use locations, and, of those locations, 66% were within a mile of a power 
line, 95% of which were distribution lines. 
 
During the public comment period on the Draft Environmental Impact Statement, the 
USFWS received comments suggesting the use of an exposure model created by 
Ecosystems Advisors derived from historic crane sightings, satellite tracking use 
locations, a maximum average distance moved during stopovers calculated from the 
satellite data, and assumptions on how often a whooping crane flies over a line. NPPD 
and the USFWS both hired independent reviews of the model, which identified 
numerous issues with the model and the results. The model was:  
 
Miles of power line in a whooping crane use cluster*collision rate*migration 
reoccurrence*flights over line or  
 
147*0.0041*1.34*2.15=1.73 
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While the authors of the model asserted that they validated their model, it was not clear 
how. Their estimated annual mortality without the R-Project was 0.19 to 3.37 power line 
mortalities a year. Yet their model predicted that the R-Project—which represents only a 
0.07% increase in line miles—was going to create an additional 1.73 to 4.46 mortalities 
per year. Their model predicted that the R-Project was going to somehow result in more 
mortality than the other 99.3% of the lines combined.   
 
Presumably, Ecosystems Advisors’ model can be applied to any power line, including 
those that already exist and that have documented use close to them. Application of 
that model to those existing lines with proximal whooping crane use would result in high 
levels of annual mortality in the AWBP that does not reflect reality. Since NPPD, the 
independent reviewers hired by NPPD, and the independent reviewers hired by the 
USFWS could not figure out the basis for key elements of the Ecosystem Advisor model  
or how they worked and had significant concerns about Ecosystem Advisors’ 
assumptions, and because that model predicted more mortality on the 225 miles of the 
R-Project than has occurred on the other 326,000 miles of existing power line, NPPD 
does believe the model is useful representation of mortality. Therefore, NPPD has 
concluded that the data still do not exist for these types of exposure models; there is a 
lack of data regarding when whooping cranes were exposed to but did not collide with a 
line. This information may become available with better tracking mechanisms but does 
not exist today. 
 
Probability of Collision Based on Line Miles. Another risk-assessment methodology is to 
estimate risk based on the number of collisions as compared to the number of miles of 
power lines. Ideally, the miles of line would be stratified as to the level of risk they pose 
(Shaw et al. 2010). As discussed above, there are approximately 326,000 miles of 
overhead power line within the U.S. portion of the AWBP migratory corridor. NPPD has 
reported data on all line types for the reader’s reference. However, our analysis only 
includes those data relevant to transmission lines. If we assume that all 34,268 miles of 
transmission line (conservatively rounded down to 34,000 for analysis) have an equal 
probability of collision, the per-mile risk of mortality would be 0.00000197 cranes per 
mile per year (0.067 crane per year divided by 34,000).   
 
NPPD recognizes it is unlikely that all of the 34,000 estimated miles of transmission line 
pose a similar level of threat to the crane. NPPD is aware of several different efforts to 
model whooping crane habitat in the flyway relative to the probability of use. However, 
due to the very limited number of documented mortalities on any overhead lines and the 
fact that documented collisions are widespread, both temporally and spatially (Figure 4), 
and do not appear to be related to areas with frequent use, it is difficult to envision how 
a model that accurately predicts probability of use could meaningfully predict probability 
of collision. NPPD completed an analysis to identify potentially suitable stopover habitat 
as a means to comply with the Region 6 Guidelines on marking power lines but did not 
attempt to create a model that predicts probability of use due to the apparent lack of 
correlation between use and collisions. Additionally, NPPD does not know how a model 
of predicted use would relate to the places mortality has occurred. For this reason, 
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NPPD used the entire 34,000 miles of transmission line and addressed this assumption 
in a sensitivity analysis included herein. 
 
NPPD recognizes that the state of the science is not settled to the point that broad 
consensus exists on the best approach to modeling. Both the FWS and its independent 
expert concluded that the paucity of data on collision mortality, coupled with the 
temporal and spatial scale at which it occurs, leads to final conclusions that have so 
much uncertainty that they cannot be defended from a scientific view. NPPD agrees that 
is a reasonable conclusion. That very lack of certainty is why NPPD incorporated a 
sensitivity analysis into its evaluation of how likely it was to take a whooping crane. 

 
Application to the R-Project 
For the proposed R-Project, 225 miles of new transmission line would be constructed in 
the AWBP migratory corridor. Applying the probability-collision-risk estimation 
methodology from above (using all 34,000 miles of transmission line) to the 225-mile 
R-Project would equate to a risk of 0.00044 cranes per year (225 * 0.00000197) or 
0.022 cranes per the 50-year project life (0.00044 * 50).4 This risk does not take into 
account that approximately 45% of the line is likely not near suitable habitat or the 40% 
to 60% collision reduction achieved through line marking. 
 
 Assumption Sensitivity Analysis 
There are assumptions used in the above estimation, and the data set is very small. 
Therefore, a sensitivity analysis is provided below for the reader to evaluate the effects 
of those assumptions. 
 
Data Assumption 1 – NPPD used all 34,000 miles of existing transmission line. Use of 
all miles was based on the following facts:  (1) there is currently no defensible method 
for correlating habitat quality and collision risk; (2) analysis of the GPS tracking data 
presented in Pearse et al. (2015) indicates that areas of high-density habitat do not 
necessarily have the highest levels of whooping crane use along the R-Project route; (3) 
collisions where land cover was documented have occurred in agricultural lands (Stehn 
and Wassenich 2008), and (4) when a one-mile buffer is placed around NWI wetlands, it 
encompasses virtually the entire flyway. Further modification of how NWI data may 
represent suitable habitat may be possible, but USFWS (2009) also indicates that 
wetland habitat is available throughout the flyway, so this effort was not undertaken. 
While figuring out a logical way to identify which miles of power line to use may be 
difficult, understanding the implications of reducing the number of miles is not. The 
collision estimate is simple division and multiplication with the following equations. 
 

Crane mortalities per year/miles of power line = collision/mile/year 
 
Collision/mile/year*Miles of R-Project*Years in Service= Number of collisions in life 
of line. 

 
                                                           
4 This equates to one crane every 2273 years. 
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Because of that, a reduction in line miles produces an equal but inverse result in the 
number of collisions (i.e., decreasing line miles by half doubles the collision estimate). 

 
 Original analysis = 0.067/34,000 = 0.00000197 collision/mile/year 

  0.00000197*225*50 = 0.022 collisions in 50-year period 
 

 “Half of all lines” risk analysis = 0.067/17,000 = 0.0000039 collision/mile/year 
  0.0000039*225*50 = 0.044 collisions in 50-year period 
 

 “10% of lines” risk analysis = 0.067/3400=0.0000197 collision/mile/year 
  0.0000197*225*50 = 0.22 collisions in 50-year period 
 
In the absence of an assessment that evaluates potential stopover habitat along all the 
existing miles of transmission line or an identified correlation between probability of 
habitat use and collision risk, it is not possible to determine which transmission line 
miles would not be considered a risk. Therefore, any reduction in line miles would be 
arbitrary. Since there has only been a single documented whooping crane collision with 
a transmission line, and that collision occurred in 1956, NPPD did not undertake an 
effort to model which miles of the existing transmission lines are within 1 mile of 
potentially suitable habitat. Such a modeling effort would be a major undertaking and 
outside the scope needed for this analysis. However, NPPD reviewed the location of 
NWI wetlands within the central flyway and found that virtually all 34,000 miles of 
transmission line are within 1 mile of such a wetland. The sensitivity analysis above 
shows the effect of reducing miles and that the equations underlying NPPD’s analysis 
are easily modified if new data or models of crane habitat become available. 
 
NPPD did complete a habitat assessment to identify the areas where a whooping crane 
may initiate flight within 1 mile of the R-Project (potentially suitable stopover habitat). 
That assessment indicated that 123 miles of the R-Project are within one mile of 
potential suitable stopover habitat. NPPD has agreed to mark those 123 miles with bird 
flight diverters. 
 
Data Assumption 2 – Power line mortality estimates are proportionally assigned to all 
mortality during migration, requiring an assumption of equal probability of detection. 
While it seems highly likely that not all power line mortality is observed, it also seems 
likely that it is detected at higher levels than numerous other sources of mortality, such 
as predation, disease, and even intentional shooting. However, like the assumption 
regarding transmission line miles, there is currently no defensible approach to address 
this assumption. However, it can be bracketed as to the outer extremes. 

 
 Based on the available data, which do not allow for adjustment due to detection 

bias without introducing new assumptions, the original analysis—which 
proportionally increased collision mortality to the total estimated missing 
cranes—would be the upper limit of estimated collision mortality. 

 Assume all collisions have been documented. Total of 1 individual collided or 
0.017 individuals per year (1/60 years). This equates to a mortality rate of 
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0.0000005/mile/year (0.017/34,000). Using this rate, the original analysis 
equation is 0.0000005*225*50=0.006 collision in 50 years. 
 

It should be noted that, whether using the 10 documented collisions on all overhead 
lines or the 1 reported collision on a transmission line, any analysis is based on very low 
sample sizes over long periods and thus should be viewed only as an estimate of the 
risk associated with a new line in 2018. Obviously, the addition of just a few more data 
points may affect this analysis and the resultant calculation of take of a whooping crane. 
 
Conclusion 
Intuitively, it is tempting to assume that any new miles of power line will create a new 
source of potential mortality for whooping cranes; however, the above analysis 
demonstrates that any actual incremental risk is very small. Empirical data indicate that 
the reality of adding new power lines, coupled with a growing whooping crane 
population, has not resulted in an increase in mortality due to collisions (Table 1, 
Figures 1 and 2). Since 1993, it is estimated that number of miles of transmission line in 
the flyway has increased by approximately 11,000 miles and the whooping crane 
population has doubled, and yet there are no documented collision mortalities with 
transmission lines in that time period. 
 
With only ten documented power line mortalities in the AWBP in the past 60 years, any 
interpretation of the threat that power lines pose to this population requires making 
numerous assumptions and extrapolation of a very limited data set. Further reducing 
that number to the data only relevant transmission lines results in extrapolation from a 
single reported incident to the overall impact. NPPD has clearly stated our assumptions 
and how the data were extrapolated in this analysis and evaluated the sensitivity of 
those assumptions to change. NPPD concludes that it is not reasonably certain that 
whooping crane mortality on the R-Project will occur. The estimated risk is extremely 
low enough and is further reduced by marking portions of R-Project. This conclusion is 
based on the limited empirical data at hand, which are: 
 

 Only 10 documented mortalities in the AWBP in 60 years with only one of those 
on a transmission line. 

 The population has grown from 15 birds to the current 505 at the same time 
power lines went from basically zero on the landscape to what exists today. 

 The AWBP has grown at 4.6% annually over the past 70 years.  
 Documented mortality has not occurred in the identified high-use areas, which 

makes predicting where mortality will occur using past data impossible. 
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Figure 1. Whooping crane population growth and mortality from 1950 to 2010.  Data 
from Stehn and Haralson-Strobel (2014). 
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Figure 2. Transmission line development and whooping crane mortality. Whooping 
crane data from Stehn and Haralson-Strobel (2014). Transmission line data from the 
Western Area Power Administration (2012). 
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Figure 3. Crane years per collision is calculated as the cumulative sum of crane years 
divided by the cumulative sum of collisions on an annual basis. Increasing trend 
suggest fewer collisions per crane year as the population grows.  
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Figure 4. Map of mortality verses observational and satellite tracking data, transmission 
lines are shown as blue lines.  
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