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Draft Meeting Summary

R-Project Discussion January 6, 2022

2:00-4:00 CDT/1:00-3:00 MDT

Teams meeting – Calendar Invite



Attendees: 

NPPD: Jim Jenniges, Paul Brune, Bonnie Hostetler

POWER Engineers: Ben Bainbridge

Holland and Hart: Sandi Snodgrass

USFWS: Jeff Runge, Angela Burgess, Mark Porath, Matt Rabbe, Laurel Hill

NGPC: Melissa Marinovich





Review meeting summary from December 9, 2021

· No changes



Whooping Crane Discussion Topics

· Updated data (HCP Section 3.3.1) 

· Observational 

· Matt has updated the observational data. 

· Action:  Matt will send the observational data to NPPD after the call.

· Tracking 

· Per USFWS’s recommendation, NPPD will remove confidence intervals when re-doing Figure 3-4 in the HCP and will show only the 95% sighting corridor.

· Action:  Jim to send request to Matt for current tracking data that have been refined to be comparable to stopover data used in Figure 3-4.  All parties understand it may not be available.

· Mortality – new whooping crane mortality events 

· Four shootings occurred in Oklahoma in fall 2021.

· One whooping crane hit a transmission line in North Dakota in spring 2021.

· USFWS received a report of individual in Oklahoma that hit a power line (likely distribution) during the fall 2021 migration.  

· Action:  Matt to review his records on the Oklahoma line strike and confirm line type and results of necropsy, which indicated two broken wings and no evidence of being shot. 

· Action:  Matt to provide to NPPD any new publications regarding whooping cranes that he is aware of.



· Line marking (HCP Section 4.1) 

· Line marking in the HCP was driven by the 2010 Region 6 Guidelines. Region 6 Guidelines were also part of the reason that NPPD initially decided not to pursue incidental take authorization for whooping cranes.  

· USFWS confirmed that the Region 6 Guidelines are still being used.

· USFWS and NPPD agreed to leave the Region 6 discussion as is in the HCP, including line marking and the habitat assessment.

· Adaptive management and changed circumstances (HCP Section 6.5.3) 

· USFWS and NPPD agreed to treat new information available in the future about whooping crane risk as a changed circumstance with a response that allows for a holistic view of that new information.  

· Action:  NPPD will draft initial changed circumstance language and provide it to USFWS prior to completion of all HCP edits.



· Updated collision-risk model (HCP Section 4.1) 

· NPPD has hired WEST to assist in the process of updating the USFWS “Reasonably Certain Knowledge” (RCK) and analyzing available information.

· Action:  Prior to the next call, NPPD will provide a concise list of data used in mortality modeling, and provide additional analysis completed by WEST for consideration and discussion. 



Request for Proposals

· NPPD provided USFWS with a comparison of the 2014 RFP to the current RFP. 

· USFWS intends to provide a final version of the RFP to NPPD by next week. 

· USFWS will participate in the Contractors’ Conference, which will be held after the RFP has been put out for bids.








ACTION ITEMS:

		Action

		Responsibility

		Status



		Ben/Jim to analyze NPPD’s project-specific dataset with the same method used on the 2014 dataset for the original 0.13 density.

		Ben Bainbridge/Jim Jenniges

		Initiated

11-18-2021



		Provide updated whooping crane public observation data set.

		Matt Rabbe

		Initiated

1-6-2022

Completed 1-6-2022



		[bookmark: _Hlk92372998]Jim to send request to Matt for the tracking study data that have been refined to indicate individual stopovers.

		Jim Jenniges

		Initiated

1-6-2022



		Matt to review his records on the whooping crane distribution line collision in Oklahoma during the fall 2021 migration and provide clarification to NPPD on that strike.

		Matt Rabbe

		Initiated

1-6-2022



		Matt to provide NPPD with a list of recent whooping crane publications.

		Matt Rabbe

		Initiated

1-6-2022

Completed 1-6-2022



		NPPD to provide updated whooping crane changed circumstances to USFWS prior to completion of all HCP edits.

		NPPD

		Initiated

1-6-2022



		NPPD to provide USFWS with a draft updated RCK whooping crane analysis prior to next call.

		NPPD

		In progress
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[bookmark: _Toc93071356]BACKGROUND

Nebraska Public Power District (NPPD) has proposed a 225-mile, 345-kilovolt (kV) electric transmission line in Lincoln, Logan, Thomas, Blaine, Loup, Garfield, Wheeler, and Holt counties, Nebraska, referred to herein as the R-Project or the Project. Because the R-Project crosses the range of threatened American burying beetle, NPPD sought an incidental take permit under the Endangered Species Act from the U.S. Fish and Wildlife Service (USFWS). As part of that permitting process, USFWS and NPPD evaluated the potential for incidental take of the whooping crane (Grus americana). USFWS prepared an analysis of the potential for take using a “Reasonably Certain Knowledge” (USFWS-RCK) approach (USFWS 2018a), which reviewed reasonable and best available environmental parameters and data. NPPD engaged Western EcoSystems Technology, Inc. (WEST) to review available data and provide an update to the USFWS-RCK approach for the Project. 



The whooping crane was federally listed as endangered in the US in 1967 (32 Federal Register 4001, US Fish and Wildlife Service [USFWS] 1967) and was designated as endangered in Canada in 1978 (Committee on the Status of Endangered Wildlife in Canada 2000). There are currently four wild whooping crane populations, but only one is naturally occurring and self-sustaining (Urbanek and Lewis 2020): the Aransas/Wood Buffalo whooping crane population (AWBP), which migrates between Aransas National Wildlife Refuge on the Texas coast, where it winters, and the Wood Buffalo National Park, along the boundary between Alberta and Northwest Territories, where it nests. Since 1941, the AWBP has increased from 15 birds (Allen 1952) to an estimated 506 as of winter 2019 – 2020 (USFWS 2020). Migration for the AWBP occurs from March through May in the spring and September through November in the fall (Pearse et al. 2020). It is only during migration that the Project may pose a risk to the AWBP. 

[bookmark: _Toc93071357]INTRODUCTION

This effort has two principal objectives, as described below.



Objective 1: Where possible and appropriate, revise the USFWS-RCK approach to estimating potential whooping crane take on the R-Project, to incorporate the following



· Based on the latest boundaries of the whooping crane migration corridor that NPPD received from the USFWS, include all 225 miles of the R-Project that is in the 95% whooping crane migratory corridor.

· Include new known whooping crane line strike mortalities; one in North Dakota in spring 2020 and one in Oklahoma in fall 2021.





· For consistency with prior USFWS modeling (USFWS 2017), define transmission power lines as those lines that are 69 kV and above[footnoteRef:1] and include data regarding transmission power line miles provided in Table 1.  [1:  The U.S. Department of Labor, Occupational Health and Safety Administration describes the difference between transmission and distribution as follows. Transmission lines and equipment are used to move large quantities of power from generating facilities to substations. Transmission conductors are normally large to carry the high power and are installed on taller structures than distribution lines and equipment. Transmission system voltages are typically from 69 kV up to 765 kV. Distribution systems typically operate in a voltage range of 4 kV to 46 kV. However, distribution also includes secondary voltage systems, which operate at less than 1,000 volts, that typically connect to electric customers' homes and offices. See https://www.osha.gov/etools/electric-power [osha.gov] for more information.] 




Objective 2: Address uncertainties, discrepancies, and documentation of process used in model development 



Many of the existing efforts to evaluate the collision risk associated with the R-Project have noted the lack of data and the uncertainty associated with what data are available (USFWS 2018a). Therefore, reasoning behind selection of data inputs and construction of the modeling process is described in terms that allow the reader to understand the construction and application of the model in developing the take prediction values. Relevant decision points and options, and the rationale behind selection of the options used in the model, are provided below, so that conclusions drawn from the model outcomes are fully documented and supported in text. We did not attempt to rectify discrepancies in existing published information; rather, we just documented how those data are used.

[bookmark: _Toc93071358]UPDATE TO USFWS-RCK APPROACH TO ESTIMATE WHOOPING CRANE TAKE AND DOCUMENTATION OF DECISION PROCESS USED IN MAKING UPDATE

[bookmark: _Toc93071359]Model Overview

The USFWS-RCK model utilized “reasonably certain” information on annual AWBP mortality rates during migration, combined with historic AWBP known-source mortality data, to calculate an expected number of collisions with transmission lines in the US AWBP migratory corridor. Additionally, the USFWS-RCK model produced Project-specific estimate for the expected number of collisions resulting from the Project, which was assumed to be directly proportional to the increase in length of transmission lines in Nebraska. We describe the USFWS-RCK model, WEST’s revisions to the model formulation, and updates to input parameter values in more detail below.




[bookmark: _Toc93071360]Annual US Migration Mortality

WEST estimated the proportion of post-fledging AWBP that dies during migration in the US using the formula originally specified in the USFWS-RCK model:







where  is a per capita post-fledging mortality rate during migration in the United States,  is the total annual AWBP post fledging mortality,  is proportion of post-fledging mortality that occurs during migration, and  is the proportion of migration days spent in the US. USFWS (2018a) estimated an average total annual AWBP post-fledging mortality rate  of 0.109 and that the proportion of post-fledging that occurs during migration () is 0.17. WEST uses these values herein. 



USFWS (2018a) estimated a value of 0.55 for  (proportion of migration days in the US). However, based on our literature search, the percent of whooping crane migration days spent in the US is between 42% and 50% (Appendix A). We have used 50% as a conservative value (Table 1). Based on these inputs, the resulting estimate for the per capita post-fledging mortality rate during migration in the United States ( is 9.483 x 10-3 (approximately 1%).




[bookmark: _Toc93071365]Table 1. Model Input Parameters and Values

		Symbol

		Value

		Description



		

		0.109

		Annual post-fledging AWBP mortality



		

		0.17

		Proportion of annual mortality occurring during migration



		λ

		0.5

		Proportion of migration days in US



		dnonline

		16a

		Documented mortality (non-power line)



		ddistline

		7

		Documented mortality (distribution line)



		dtransline

		2

		Documented mortality (transmission line)



		dunkline

		1

		Documented mortality (unknown line type)



		dpossline

		3

		Documented mortality (possible power line)



		

		46,851

		Miles of transmission lines in US AWBP corridor during



		

		225

		Miles of R-project transmission lines in the AWBP corridor



		a This document or presentation includes Whooping Crane migration use data from the Central Flyway stretching from Canada to Texas, collected, managed and owned by the U.S. Fish and Wildlife Service. Data were provided to the “Nebraska Public Power District” 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 these data. Any and all data analyses, interpretations, and conclusions from these data are solely those of the “Nebraska Public Power District”.









While mortality during migration is known to occur within both the Canada and US portions of the migration corridor, the number of miles of transmission line occurring within Canada is not available to include in the model. Therefore, the analysis was restricted to include only mortality within the US. This in turn provides a conservative (tending toward overestimate) estimate of predicted take.

[bookmark: _Toc93071361]Transmission Mortality

The USFWS-RCK model utilized data on documented mortality (Stehn and Haralson Strobel 2014) to estimate the proportion of migration mortalities resulting from collisions with transmission and distribution power lines, as well as the proportion of collisions that occurred in Nebraska. While this approach attempts to estimate a Nebraska-specific collision rate for transmission lines, we posit that there are not sufficient documented mortality data from the US portion of the AWBP migration corridor (N = 29 publicly reported mortalities, Table 2) to support such an estimate. To minimize the potential for erroneous assumptions based on incomplete data, WEST implements an approach that calculates an average mortality rate for transmission lines in the US. 



WEST reviewed the known-source mortality data utilized in the USFWS-RCK model as well as a number of additional sources to evaluate and accurately attribute whooping crane mortalities to transmission line strikes. These publication sources are: 



· Stehn, T. V. and T. Wassenich. 2008. Whooping Crane Collisions with Power Lines: an Issue Paper. Proceedings of the North American Crane Workshop. 203.

· Stehn, T. V. and Haralson-Strobel, C. L. 2014. An Update on Mortality of Fledged Whooping Cranes in the Aransas/Wood Buffalo Population. Proceedings of the North American Crane Workshop. 372.

· Harrell, W. and M. Bidwell. 2020. Report on Whooping Crane Recovery Activities. 2019 Breeding Season-2020 Spring Migration. US Fish and Wildlife Service and Canadian Wildlife Service. November 2020.

· Pearse, A. T., D. A. Brandt, B. K. Hartup, and M. T. Bidwell. 2019. Mortality in Aransas-Wood Buffalo Whooping Cranes: Timing, Location, and Causes. In: Whooping Cranes: Biology and Conservation. Pp.125-138.

· USFWS annual whooping crane surveys, 2012-2020.

Evaluating this literature, as well as other publicly available information, we found that there have been 29 documented mortalities (dtot) during migration in the US (Table 2). Of these mortalities, 16 were not attributed to power lines (dnonline), 7 were attributed to distribution lines (ddistline), 2 were attributed to transmission lines (dtransline), 1 was attributed to a power line of unknown type (dunkline), and 3 were identified as trauma mortalities that were potentially the result of power line collisions (dpossline) (Table 1). The death of the one individual that was attributed to a power line collision with an unknown type was a crane in North Dakota that was injured in 1984 and died in captivity in 1985 and is assumed here to have resulted from an initial power line strike (Table 2). Because power lines are specifically identified as a cause of mortality and are easily identified as a potential source of trauma, we assume that for whooping crane fatalities attributed to trauma there was a reason that trauma was not classified as a result of power line collision. We do however recognize and agree with the USFWS (2019) that cause of death of migrating whooping cranes may in some instances be inaccurately or incompletely reported. Therefore, we adjusted the number of documented transmission line mortalities to account for the possibility that a portion of the mortalities with unknown causes were due to collisions with transmission lines as follows.



First, we calculated the proportion of known-cause mortality attributed to power lines ():





where  is the sum of known-cause mortality attributed to all power line types:







Additionally, we calculated the proportion of all power line mortalities that were attributed to transmission lines () as the ratio:





With these proportions, we calculated an adjusted number of transmission line mortalities (), which accounts for mortalities that had unknown line types or were otherwise possible collisions with power lines:

 





From these calculations, we estimated the adjusted number of transmission line mortalities () as 2.479. In order to produce a conservative estimate we round up  to the nearest whole number, thus we assume a total of 3 (out of 29 documented mortalities were caused by transmission lines. We then calculated the mortality rate for transmission lines as:





where () is the per capita post-fledging mortality rate during migration in the United States occurring at transmission lines. Our estimate for  was then  or 9.810x10-4. This equated to approximately 0.49 mortalities per year due to collisions with transmission lines in the US portion of the AWBP corridor for a hypothetical population of 500 individuals.

		[bookmark: _Toc93071366]Table 2. Whooping crane mortality in the US during the migration seasons.



		Year

		Date

		Period

		Locationa

		Ageb

		Recovered

		Reported cause of death

		Classified cause of death

		Comments



		1952

		Oct

		Fall migration

		Sharon, KS

		A

		Yes

		Unknown

		Possible power line

		Had dislocated wing, died in route to San Antonio Zood



		1955

		Fall

		Fall migration

		Sioux Falls,
SD

		WP

		Unknown

		Shot

		Non-power line

		Snow goose hunter (McNulty 1966)d



		1956

		May

		Spring migration

		Lampass City,
TX

		SA

		Yes

		Power line

		Power line (transmission)

		Transmission linec, Broken wing tipd



		1957

		Oct

		Fall migration

		Ketchum, OK

		WP

		No

		Trauma

		Possible power line

		Crippled bird seen, then was lost from sightd



		1965

		Nov

		Fall migration

		Rawlins Cit.,
KS

		SA

		Yes

		Power line

		Power line (distribution)

		Distribution (3 wire)c, d



		1967

		Apr

		Spring migration

		Russell Cty., KS

		A

		Unknown

		Power line

		Power line (distribution)

		Distribution (3 wire)c



		1982

		Jun

		Spring migration

		Minton, SD

		Unknown

		Yes

		Aircraft

		Non-power line

		Feathers identified on military tanker aircraftd



		1982

		Oct

		Fall migration

		Oglesby, TX

		A

		Yes

		Power line

		Power line (distribution)

		Distribution (4 wire, <8 m)c, d



		1984

		Oct

		Fall migration

		Linton, ND

		A

		Yes

		Power line

		Power line (unknown type)

		Male with multiple fractures in wing, captured but later died Jan 1985, aspergillosis, and partial paralysis from running into captive fence during handlingd



		1988

		Oct

		Fall migration

		St. Paul, NE

		A

		Yes

		Power line

		Power line (distribution)

		Distribution (2 wire, 11 m)c, d; bird fell to ground a flew off; postulated it was one of the birds that did not arrive on winter grounds and was deadc.



		1989

		Oct

		Fall migration

		Stratton, NEc,d

		SA

		Yes

		Power line

		Power line (distribution)

		Distribution (12 kv)c; flew into 2-wire transmission line, found deadd



		1991

		Apr

		Spring migration

		Bend, TX

		A

		Yes

		Shot

		Non-power line

		Shotd



		1998

		Nov

		Fall migration

		Quivira NWR, KS

		A

		No

		Broken leg

		Possible power line

		Last seen with broken leg; mate appeared at ANWR without herd



		2002

		Apr

		Spring migration

		De Leon, TX

		A

		Yes

		Power line

		Power line (distribution)

		Distributionc power line striked



		2003

		Nov

		Fall migration

		Dallas, TX

		A

		Yes

		Shot

		Non-power line

		Shotd



		

		

		

		

		

		

		

		

		



		Table 2. Whooping crane mortality in the US during the migration seasons, continued.



		Year

		Date

		Period

		Locationa

		Ageb

		Recovered

		Reported cause of death

		Classified cause of death

		Comments



		2004

		Nov

		Fall migration

		Quivira NWR, KS

		SA

		Yes

		Shot

		Non-power line

		Had a leg amputated, died in captivity 9 Novd



		2004

		Nov

		Fall migration

		Quivira NWR, KS

		SA

		Yes

		Shot

		Non-power line

		Second bird had a fractured humerus repaired, died due to complications mid-Novd



		2004

		Nov

		Fall migration

		Quivira NWR, KS

		SA

		No

		Shot

		Non-power line

		Shot at, red spot seen on breast, not captured, stayed in area and was last observed in Dec; assumed mortalityd



		2005

		Dec

		Fall migration

		MO

		Chick

		Yes

		Bacterium

		Non-power line

		Bacterium obstructing the larynxd



		2007

		7 Apr

		Spring migration

		ND

		A

		Yes

		Collision

		Non-power line

		Collision with a blunt objectd; sighting database states “died in flight, fell to ground”



		2011

		8 Nov

		Fall migration

		KS

		FJ

		Yes

		Unknown

		Non-power line

		No necropsy was attemptedf, no direct or indirect evidence of power line collisione



		2012

		23 Nov

		Fall migration

		NE

		FJ

		No

		N/A

		Non-power line

		Mortality suspected, not confirmed; no direct or indirect evidence of power line collisionf



		2013

		8 Apr

		Spring migration

		SD

		A

		Yes

		Predation

		Non-power line

		Predationf



		2020

		23 Apr

		Spring migration

		Mountrail County, ND

		Juv

		Yes

		Power line

		Power line (transmission)

		Radio telemetry, appeared to have struck a transmission line the night of 20 April 2020g



		2021

		Dec

		Fall migration

		Kiowa Co., OK

		A

		Yes

		Shot

		Non power line

		Discovered by hunters near Tom Sneed Lake; died in transport to veterinary clinich



		2021

		Dec

		Fall migration

		Kiowa Co., OK

		Unknown

		Unknown

		Shot

		Non power line

		Evidence discovered while investigating the location of the original injured craneh



		2021

		Dec

		Fall migration

		Kiowa Co., OK

		Unknown

		Unknown

		Shot

		Non power line

		Evidence discovered while investigating the location of the original injured craneh



		2021

		Dec

		Fall migration

		Kiowa Co., OK

		Unknown

		Unknown

		Shot

		Non power line

		Evidence discovered while investigating the location of the original injured craneh



		2021

		

		Fall migration

		Oklahoma

		

		

		Power line

		Power line (distribution)

		Distributioni



		a ANWR = Aransas National Wildlife Refuge, Cty. = County, M.I. = Matagorda Island.

b A = Adult, FJ = fledged juvenile, Juv = Juvenile, SA = Subadult, WP = White-plumaged.

c Stehn and Wassenich 2008

d Stehn and Haralson-Strobel 2016

		e U.S. Fish and Wildlife Service Nebraska Ecological Services Field Office Whooping Crane Database

f Pearse et al. 2019

g Harrell and Bidwell 2020

h Oklahoma Department of Wildlife Conservation 2021

i Rabbe, Matt, USFWS, pers. comm. January 6, 2021.









[bookmark: _Toc93071362]Project-specific Mortality

The overall power line mortality defined in the USFWS-RCK model (USFWS 2018a) included data from whooping cranes that collided with distribution as well as transmission lines. Because the R-Project is a transmission line, we removed distribution lines from consideration as they present a different risk profile. Following the formulation of the USFWS-RCK model, we calculated a Project-specific mortality rate based on the proportional increase in transmission line miles associated with the Project:







where  is the per-capita post-fledging mortality rate occurring at the Project,  is the number of transmission line miles associated with the Project (225 miles) in the US AWBP migration corridor, and  is the total number of transmission line miles in the US AWBP migration corridor. Based on the Platts Electric Transmission Lines data filtered to show operational 69 kV and higher (USFWS 2017), there are 46,851 miles of transmission lines within the US AWBP 95% migration corridor. Using these values, we estimate the per-capita post-fledging mortality rate occurring at the Project  is 4.711x10-6 (Table 3), which equates to approximately 0.002 cranes per year for a hypothetical population of 500 cranes. Consistent with the USFWS-RCK model, we assume this rate  is representative of unmarked transmission lines. 



[bookmark: _Toc93071367]Table 3. Model Estimates

		Symbol

		Name

		Value

		Description



		

		US migration mortality rate

		9.483 x 10-3

		Per capita AWBP post-fledging mortality rate during migration in the US



		

		Transmission line mortality rate

		9.810 x 10-4

		Per capita AWBP post-fledging mortality rate during migration in the US at transmission lines



		

		Project mortality rate

		4.711 x 10-6

		Per capita Project-specific mortality rate with unmarked lines



		

		Population size

		-

		AWBP size in in year t



		

		Project Fatalities

		-

		Fatalities at the Project in year t







[bookmark: _Toc93071363]Future Projection

The USFWS-RCK model projected a cumulative take for the Project assuming a 4% growth rate. However, USFWS recognized that factors such as limited wintering-ground capacity could slow growth. The USFWS-RCK model used an average population of 1500 individuals to calculate the cumulative take, which in the end provides the same result as actually growing the population over time. However, it does not take into account that given a 4% growth rate the potential for collision in year 50 (population 3938) is about 8 times greater than in year 1 (population 506), indicating the model is sensitive to the end population size. 



WEST reviewed the literature regarding AWBP growth rates and determined the population viability analysis conducted by Traylor-Holzer (2018) likely provides more accurate predictions of future population growth. Dr. Traylor-Holzer, Senior Program Officer, International Union for Conservation of Nature Species Survival Commission Conservation Planning Specialist Group and author of the Whooping Crane Population Viability Analysis (PVA) Report (Traylor-Holzer 2018) provided to WEST a spreadsheet (without underlying data) with a 100-year projection for the annual population size for the AWBP. These population estimates represent counts in the wintering grounds just after fall migration and therefore approximate winter counts but may present a slight overestimation, as they do not include mortality that may have occurred between migration and population counts. 



Additionally, these population projections are cyclic due to the model assuming an 11-year solar cycle and associated impacts. Traylor-Holzer (2018) identifies other factors that may contribute to uncertainty in the population estimate, especially those that may lead to a lower population growth. Therefore, the input parameter value used herein may be considered conservative (tending toward overestimation rather than underestimation of take). 



Lastly, it is uncertain if the model was initiated at the optimal point in this cycle to match the actual phase of the 11-year solar cycle in the wild (K. Traylor-Holzer, pers. comm. April 9, 2020). Given the relatively stable winter count data collected since 2017, it is possible or even likely that the model should be shifted a few years in relation to the phase of the cycle in recruitment and population growth, but we expect the impact of this uncertainty to have little effect on the 50-year predictions.



WEST applied the Traylor-Holzer (2018) population projections and Project-specific mortality rates defined above to estimate annual take at the Project over a 50-year period from 2023 to 2072:







where  is the estimated number of fatalities at the project in year (t) and  is the projected population size in year (t). Over the 50-year period, we estimate a total take of 0.382 whooping cranes (Figure 1).
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Pearse et al. (2020) (Appendix A1, A2) provides support for the conclusion that 50% of migration days for the Aransas-Wood Buffalo whooping crane population are in the US.



· Whooping cranes spent about 50.1% of total annual migration (spring + fall) in Zones 5 and 6, which are exclusively in Canada

· Whooping cranes spent 21.0% of total annual migration (spring + fall) in Zone 4, and some of Zone 4 (about 20%) is in Canada 



Baasch et al. (2019) demonstrates that the use of 50% is conservative, as the data in that report suggest that only 42% of the migration days are in the US. 



· Platte River Recovery Implementation Program unpublished data (reported in Baasch et al. 2019) identified the average number of days telemetry-marked whooping crane individuals spent within the US portion of the migration corridor during spring 2013 – fall 2015

· Fall migration = 10.5 days

· Spring migration = 20.5 days

· Average total migration days spent in US = 31.0 days

· 31 days in US (Baasch et al. 2019)/74 days migration (Pearse et al. 2020) = 41.9% of migration days in US. 



		Appendix A1. Data from Pearse et al. 2020.



		

		Spring Migration (days)

		Fall Migration (days)

		Total Migration

(Spring + Fall) (days)



		Migration time (avg)

		29

		45

		74



		Time in Zone 6 (CAN)

		~1.5

		~1.4 

		~2.9



		Time in Zone 5 (CAN)

		5.4 

		25.8 

		31.2



		Time in Zone 4 (CAN/US)

		8.7 

		5.6 

		14.3



		Time in Zone 3 (US)** 

		8.7 

		~3.5

		~12.2



		Time in Zone 2 (US)

		~2.4

		~3.1

		~5.5



		Time in Zone 1 (US)

		0.8 

		1.2 

		2.0



		Total migration days
(sum in zone 1-6)

		27.5 (95% of reported migration time avg
[29 days])

		40.5 (90% of reported migration time avg
[45 days])

		68.0 (92% of reported migration time avg
[74 days]))



		Total days exclusively in CAN

		~6.9 (25.1%)

		27.2 (67.1%)

		~50.1%



		Total Zone 4 (CAN/US)

		8.7 (31.6%)

		5.6 (13.7%)

		21.0%



		Total days exclusively in US

		~11.9 (43.3%)

		7.8 (19.2%)

		~28.9%



		avg = average; CAN = Canada; ~ = about.





* Italicized days were estimated from the graphs in Appendix A2 below.

** The Project is located in Zone 3.
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		Appendix A2. Data from Pearse et al. 2020.
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