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From: Lin, Mao
To: Stratton, Robert D; Beyer, Jim R; Perry, John; Settele, Rebecca; shawn.b.mahaney@usace.army.mil;

Mark_McCollough@fws.gov
Cc: Todd Presson; jkennedy@jaycashman.com; Parker Hadlock; Cassida, Jim; Lauren Walsh; Hengstenberg, Derek
Subject: RE: Notes from Patriot Renewables Moscow Project Agency Meeting 2019-12-10
Date: Friday, December 20, 2019 11:14:00 AM
Attachments: Patriot_Moscow_AgencyConsultation_Notes_2019-12-10_Revised_2019-12-20.docx
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Thanks, Bob,  for taking the time to review and edit the notes.
 
I have attached the revised notes and I’m happy to make any additional edits, should the need arise.
 
Happy holidays everyone!

Mao
 
 

From: Stratton, Robert D <Robert.D.Stratton@maine.gov> 
Sent: Monday, December 16, 2019 3:07 PM
To: Lin, Mao <Mao.Lin@tetratech.com>; Beyer, Jim R <Jim.R.Beyer@maine.gov>; Perry, John
<John.Perry@maine.gov>; Settele, Rebecca <Rebecca.Settele@maine.gov>;
shawn.b.mahaney@usace.army.mil; Mark_McCollough@fws.gov
Cc: Todd Presson <TPresson@jaycashman.com>; jkennedy@jaycashman.com; Parker Hadlock
<PHADLOCK@cianbro.com>; Cassida, Jim <Jim.Cassida@tetratech.com>; Lauren Walsh
<LLOHN@cianbro.com>; Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>
Subject: RE: Notes from Patriot Renewables Moscow Project Agency Meeting 2019-12-10
 

⚠ CAUTION: This email originated from an external sender. Verify the source before opening links or
attachments. ⚠

 
Mao,
 
Thank you for providing draft meeting minutes.  You performed one of the more difficult challenges
of the day!  Please find attached, some recommended edits. 
 
Thank you again to Patriot Renewables, Cianbro, and Tetra Tech for meeting and updating us on the
potential plans for this site.  Bob.
 
Bob Stratton
Wildlife Biologist
Environmental Program Manager
Maine Department of Inland Fisheries & Wildlife
284 State Street; 41 State House Station
Augusta, Maine 04333-0041
Tel: (207) 287-5659
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Moscow Renewable Energy Project		Exploratory Agency Consultation

Moscow Renewable Energy Project
Exploratory Agency Consultation
Meeting Minutes

Date/Time:	December 10, 2019 10:30 AM–12:00 PM

Purpose:	Preliminary Project Discussion with State and Federal Agencies

Agency Representatives:	Jim Beyer (DEP), Bob Stratton (MDIFW), John Perry (MDIFW), Becca Settele (MDIFW), Shawn Mahaney (USACE)

[bookmark: _GoBack]Participants:	Todd Presson (Patriot), John Kennedy (Patriot), Lauren Walsh (Cianbro), Parker Hadlock (Cianbro), Jim Cassida (Tetra Tech), Derek Hengstenberg (Tetra Tech), Mao Lin (Tetra Tech)

Notes:

Project Overview

Todd provided an overview and history of the project. Bob Stratton said he appreciated the review.

Todd said that Patriot is still exploring the interconnect. Patriot is looking at a 70MW project with both wind and solar, but it might be anywhere from 20 MW to 80MW. Patriot would like to begin environmental studies ASAP while concurrently working on the interconnect.

Jim Beyer asked if Patriot has looked into the possibility of finding a user for the electricity rather than tying the Project into the grid. Todd said that the generation that Patriot is hoping for with the Project would likely be too big, but that the company might consider it if they had to scale the Project back to 5MW or less.

Bob said he recalled participating in a site visit with Tetra Tech a few years ago. Co-location of the transmission line was explored by Patriot, but the wind project did not proceed at the time for reasons relating to the cost of interconnection. Another developer then optioned the site for development of a solar project, but that project also did not proceed.

Derek said that Tetra Tech has an administrative record of past consultations with agencies re: the Project Area.

Jim Beyer added that Caratunk has a wind ordinance. Todd explained that that portion of the Project Area could be developed for solar. Also, separating the solar part of the Project from the wind turbines would avoid winter damage to the solar panels from ice throw.

Todd said that Patriot does not own the land between the fields, but Patriot is reasonably certain that the paper company that does own the land will grant permission to use it.

Jim Beyer said that he is in the process of transitioning his office to Augusta and he is not sure if he will be DEP’s project manager for this project. However, he will serve as the POC for the Project for the time being.

Jim Beyer said that DEP’s position is that this is a great site for a renewable energy development and that the only similar site in in Columbia Falls.

Jim Beyer also said that if solar panels are included, DEP will request a decommissioning plan. DEP is asking for decommissioning plans for all wind and solar projects that require a site law permit, and that one plan can cover the entire project.

Shawn said he probably won’t be USACE’s project manager for this project either, but he will serve as the POC for project for now.

Natural Resources

Becca noted that there was a rare plant (long-leaved bluet) documented near Wyman Dam and the interconnect corridor.

Derek summarized the studies conducted by Tetra Tech 2012–2013. Jim said that Tetra Tech was also the consultant for NextEra, but those 2016–2017 studies are proprietary until Patriot gets permission from NextEra to use that information.

Jim said that the wetland delineation and wildlife studies need to be refreshed. Studies would be conducted over the next year concurrent with compiling the Project’s permit application.

Bob said that developers need to avoid/minimize impacts to wildlife and fisheries species and habitats.

Bob said that because of the reduced bat population in Maine and the inaccuracies of post-construction fatality monitoring, MDIFW’s 2018 guidelines are geared towards avoiding/minimizing impacts to current populations. Despite Evidence of Absence statistical methods, it is difficult to quantify impacts to Endangered and Threatened species with low numbers that may be killed but not found. Bob said that MDIFW is recommending to DEP/LUPC “…that turbines operate only at cut-in wind speeds exceeding approximately 6.0 meters per second each night (from at least ½ hour before sunset to at least ½ hour after sunrise) April 15–September 30, whenever the ambient air temperature is at or above 32 degrees Fahrenheit, measured at both ground level and nacelle hub height.” 

Bob added that most activity and fatalities occur July 15–September 15 so MDIFW is looking at a bump in curtailment in that timeframe.

Weaver Wind (https://www.maine.gov/dep/land/projects/weaver-wind/index.html) went from 6.0 to 6.5 in that timeframe and then back town to 6.0 afterwards. No incidental take permit was issued.

RoxWind (https://www.maine.gov/dep/land/projects/roxwind/index.html) went from 6.0 to 6.9 in that timeframe, and MDIFW did issue an ITP, but that project also had a hibernacula within 5 miles.

Bob said that MDIFW is finding increased evidence of bats living in rocky habitats. Thus, for wind projects, MDIFW will ask developers to search for potential hibernacula—to include talus fields and rocky outcrops ½ acre-or greater or cliffs visible from remote imagery—within 3 miles of their project areas. The presence of such features may result in expanded curtailment recommendations. John said that this can be done as a desktop survey, and if the features are not on the landscape then the curtailment discussion would still need to occur.

Bob added that nacelle-mounted bat deterrent systems are promising, but they are not yet effective at the tips of blades for high-frequency calls. He said that the manufacturer does not expect deterrent systems to replace curtailment, but when it is a proven technology for Maine species and conditions, MDIFW might reduce curtailment requirements. Jim Beyer/Bob indicated, if deterrent systems are ready after the permit for this Project has already been issued, it would require a minor permit amendment and/or an amendment to the incidental take permit.

Todd said that Patriot’s intent for the interconnect is to replace the existing line with a heavier line, perhaps using the same poles, if possible. Patriot does not think they will need to widen the corridor. Bob commented that it would be great if there was no additional clearing and added that there could be mitigation possibilities from restoring existing impacted resources.

Later, there was a discussion about how installing taller poles over some of the streams would reduce the need for canopy maintenance. Todd added that maintenance of the interconnect would be CMP’s responsibility. 

From the federal perspective, Shawn said that there is no critical habitat for Atlantic salmon or Canada lynx, so it’s likely that no additional work will be required. He recommended contacting Mark McCollough directly (and ASAP as he will be departing for Denmark soon) to find out if there is anything specific he would like Patriot to do. He also said that eagles are now handled out of the USFWS Regional Office in Hadley, Massachusetts and that there is a form for bats available online that can be filled out.

Derek added that Tetra Tech’s eagle surveys were completed before the USFWS guidelines were available.

Jim asked if Patriot can use the wetland data that Tetra Tech collected back in 2014. Shawn said that is fine as long as they were completed with the Northeast supplement. Jim said that Tetra Tech will delineate the areas that have not already been covered. Jim indicated that wetlands, vernal pools, and significant vernal pools would be refreshed.

Jim added that there will likely be some wetland impacts off of the developed areas and roads, but the previously developed areas are not a concern. Most of the turbines are currently proposed to be close to roads.

Jim said that a full wetland delineation will not be complete until Spring 2020, but Tetra Tech will do some preliminary site work for planning purposes and can send those results to Shawn for review.

Bob said that Becca’s review of MDIFW maps of known resources indicate a significant vernal pool along the transmission corridor and added that intermittent streams would also be a concern. Bob agreed that previous surveys (5 years) of vernal pools should be refreshed (April–May) because they change.

For nocturnal radar, Bob said that MDIFW is seeing higher fatality numbers in areas like the downeast coastal plain where there are high migration numbers with low flight heights. MDIFW is also looking at wind projects within a mile of riparian corridors. For this project, he said he would want know if the proposed higher turbines situated on a high plateau would present a unique issue for bird fatalities i.e. not ruling out nocturnal radar until he sees an analysis of turbine height in relation to surrounding areas.

Derek said that fatalities typically occur when there is a migration event during nights with low visibility and a low cloud ceiling. Derek indicated that Tetra Tech has 1.5 years of nocturnal radar and concurrent fatality monitoring from Canton Wind.  Bob requested copies.

Bob/John asked Tetra Tech for a refresher on what has been done with raptors and eagles.

Bob did not think MDIFW could review the completed and proposed wildlife studies and respond before the end of the year.

Lauren suggested putting together a table to facilitate MDIFW’s review.

Todd asked if MDIFW could at least review the studies that need to start this winter and approve that before the end of the year so that Tetra Tech can get started with the work.

Derek said that a great blue heron study was completed in conjunction with the eagle nest study. Bob/John said that incidental observations should be recorded during other studies i.e. wetland delineation.

Bob also said to look within 250 feet of the Project boundary during wetland delineation to cover any SVP critical terrestrial habitat.

Bob said that Roaring Brook mayfly, northern spring salamander, and northern bog lemming should be looked at. They probably won’t be in the fields, but could be in the transmission line corridor.

John said that upland sandpiper might show up in the back scatter radar fields, but he would check with Charlie Todd to see if that would be harassment if they are disturbed. Derek indicated that upland sandpipers forage in the area but that Tom Hodgman didn’t think that they bred on site. John said they will not require specific upland sandpiper surveys, but asked that Tetra Tech document any incidental observations. Tetra Tech will definitely need to address streams, bats, and birds.  If there are talus slopes, rocky outcrops, etc., work with Shevenell Webb and Sarah Boyden regarding possible acoustics.  If not, it will likely be curtailment only.

Todd wanted to know about the timing of survey reports with the permitting process. Jim said that he envisions Tetra Tech will submit a complete permitting package but then send any necessary updates and supplements.

Visual Resources/Noise

Todd and Jim emphasized that the visualizations provided at the meeting were rough and that the current siting of the turbines were preliminary and subject to micro-siting.

Todd said that the visualizations are of the turbines located just over 8 miles and based on the highest tower height (126 meters) but currently GE is recommending 107 meters. He thinks that Patriot will probably end up at the lower height.

Jim Beyer wanted to know if there any scenic resources other than the Appalachian Trail. He also added that if there is a scenic resource within 8 miles of both the new project and Bingham Wind then cumulative impacts would need to be assessed.

Bob said that, based on his calculations, the tip of the blade would be at approximately 186 meters. He also said that this project has the highest MW per tower.

Parker said that the highest turbines in Maine have a hub height of 117 meters, and that Cianbro just installed 131-meter turbines in Pennsylvania.

Todd/Parker added that the taller turbines are more efficient and allow sites with lower wind resources more viable for wind energy development.

Derek added that the larger turbines rotate more slowly to keep tip speed down; Todd added that the longer blades have more surface area per turbine, but there are fewer turbines.

Jim Beyer said that intercept surveys are not required, but it’s the applicant’s burden to demonstrate how the Project will affect scenic resources for visitors.

Todd said that Patriot will probably do them anyway.

Jim Beyer said that radar lighting will be required unless the Project is 8 miles from any scenic resource. Bob added that MDIFW generally makes the same recommendation regardless of distance because regular lighting is an attractant for wildlife. There was discussion about whether lights should be installed on separate poles because of ice damage. Jim Beyer said not to use whatever system is on Bingham because it’s not working.

Todd/Jim said that Patriot will conduct an assessment for dwellings, but noise impacts are not expected to be a problem for the Project.

Tetra Tech will provide MDIFW with information on studies previously done and plans for refreshing.

MDIFW will review and advise first on winter survey needs, as they are time sensitive.
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From: Lin, Mao <Mao.Lin@tetratech.com> 
Sent: Friday, December 13, 2019 3:50 PM
To: Beyer, Jim R <Jim.R.Beyer@maine.gov>; Stratton, Robert D <Robert.D.Stratton@maine.gov>;
Perry, John <John.Perry@maine.gov>; Settele, Rebecca <Rebecca.Settele@maine.gov>;
shawn.b.mahaney@usace.army.mil; Mark_McCollough@fws.gov
Cc: Todd Presson <TPresson@jaycashman.com>; jkennedy@jaycashman.com; Parker Hadlock
<PHADLOCK@cianbro.com>; Cassida, Jim <Jim.Cassida@tetratech.com>; Lauren Walsh
<LLOHN@cianbro.com>; Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>
Subject: Notes from Patriot Renewables Moscow Project Agency Meeting 2019-12-10
 
EXTERNAL: This email originated from outside of the State of Maine Mail System. Do not click
links or open attachments unless you recognize the sender and know the content is safe.
Good afternoon,
 
For your records, I have attached notes from Tuesday’s meeting in Bangor regarding Patriot
Renewables’ proposed Moscow Renewable Energy Project. Please let me know if you have any edits
or comments.
 
Thanks, and have a great weekend.
 
Mao
 
Mao Lin | Wildlife Biologist
Direct (207) 358-2384 | Main (207) 358-2400 | Fax (207) 879-9481 | E-mail:  mao.lin@tetratech.com

Tetra Tech | Complex World, Clear Solutions™ 
451 Presumpscot St., Portland, ME 04103 | tetratech.com

      Please consider the environment before printing. Read More. 

This message, including any attachments, may include privileged, confidential and/or inside information. Any
distribution or use of this communication by anyone other than the intended recipient is strictly prohibited and may
be unlawful. If you are not the intended recipient, please notify the sender by replying to this message and then
delete it from your system.
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Moscow Renewable Energy Project 
Exploratory Agency Consultation 

Meeting Minutes 

Date/Time: December 10, 2019 10:30 AM–12:00 PM 

Purpose: Preliminary Project Discussion with State and Federal Agencies 

Agency Representatives: Jim Beyer (DEP), Bob Stratton (MDIFW), John Perry (MDIFW), Becca 
Settele (MDIFW), Shawn Mahaney (USACE) 

Participants: Todd Presson (Patriot), John Kennedy (Patriot), Lauren Walsh (Cianbro), 
Parker Hadlock (Cianbro), Jim Cassida (Tetra Tech), Derek Hengstenberg 
(Tetra Tech), Mao Lin (Tetra Tech) 

Notes: 

Project Overview 

• Todd provided an overview and history of the project. Bob Stratton said he appreciated the 
review. 

• Todd said that Patriot is still exploring the interconnect. Patriot is looking at a 70MW project with 
both wind and solar, but it might be anywhere from 20 MW to 80MW. Patriot would like to begin 
environmental studies ASAP while concurrently working on the interconnect. 

• Jim Beyer asked if Patriot has looked into the possibility of finding a user for the electricity rather 
than tying the Project into the grid. Todd said that the generation that Patriot is hoping for with 
the Project would likely be too big, but that the company might consider it if they had to scale the 
Project back to 5MW or less. 

• Bob said he recalled participating in a site visit with Tetra Tech a few years ago. Co-location of the 
transmission line was explored by Patriot, but the wind project did not proceed at the time for 
reasons relating to the cost of interconnection. Another developer then optioned the site for 
development of a solar project, but that project also did not proceed. 

• Derek said that Tetra Tech has an administrative record of past consultations with agencies re: 
the Project Area. 

• Jim Beyer added that Caratunk has a wind ordinance. Todd explained that that portion of the 
Project Area could be developed for solar. Also, separating the solar part of the Project from the 
wind turbines would avoid winter damage to the solar panels from ice throw. 

• Todd said that Patriot does not own the land between the fields, but Patriot is reasonably certain 
that the paper company that does own the land will grant permission to use it. 

• Jim Beyer said that he is in the process of transitioning his office to Augusta and he is not sure if 
he will be DEP’s project manager for this project. However, he will serve as the POC for the Project 
for the time being. 
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• Jim Beyer said that DEP’s position is that this is a great site for a renewable energy development 
and that the only similar site in in Columbia Falls. 

• Jim Beyer also said that if solar panels are included, DEP will request a decommissioning plan. DEP 
is asking for decommissioning plans for all wind and solar projects that require a site law permit, 
and that one plan can cover the entire project. 

• Shawn said he probably won’t be USACE’s project manager for this project either, but he will serve 
as the POC for project for now. 

Natural Resources 

• Becca noted that there was a rare plant (long-leaved bluet) documented near Wyman Dam and 
the interconnect corridor. 

• Derek summarized the studies conducted by Tetra Tech 2012–2013. Jim said that Tetra Tech was 
also the consultant for NextEra, but those 2016–2017 studies are proprietary until Patriot gets 
permission from NextEra to use that information. 

• Jim said that the wetland delineation and wildlife studies need to be refreshed. Studies would be 
conducted over the next year concurrent with compiling the Project’s permit application. 

• Bob said that developers need to avoid/minimize impacts to wildlife and fisheries species and 
habitats. 

• Bob said that because of the reduced bat population in Maine and the inaccuracies of post-
construction fatality monitoring, MDIFW’s 2018 guidelines are geared towards 
avoiding/minimizing impacts to current populations. Despite Evidence of Absence statistical 
methods, it is difficult to quantify impacts to Endangered and Threatened species with low 
numbers that may be killed but not found. Bob said that MDIFW is recommending to DEP/LUPC 
“…that turbines operate only at cut-in wind speeds exceeding approximately 6.0 meters per 
second each night (from at least ½ hour before sunset to at least ½ hour after sunrise) April 15–
September 30, whenever the ambient air temperature is at or above 32 degrees Fahrenheit, 
measured at both ground level and nacelle hub height.”  

• Bob added that most activity and fatalities occur July 15–September 15 so MDIFW is looking 
at a bump in curtailment in that timeframe. 

• Weaver Wind (https://www.maine.gov/dep/land/projects/weaver-wind/index.html) went 
from 6.0 to 6.5 in that timeframe and then back town to 6.0 afterwards. No incidental take 
permit was issued. 

• RoxWind (https://www.maine.gov/dep/land/projects/roxwind/index.html) went from 6.0 to 
6.9 in that timeframe, and MDIFW did issue an ITP, but that project also had a hibernacula 
within 5 miles. 

• Bob said that MDIFW is finding increased evidence of bats living in rocky habitats. Thus, for 
wind projects, MDIFW will ask developers to search for potential hibernacula—to include 
talus fields and rocky outcrops ½ acre-or greater or cliffs visible from remote imagery—within 

https://www.maine.gov/dep/land/projects/weaver-wind/index.html
https://www.maine.gov/dep/land/projects/roxwind/index.html
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3 miles of their project areas. The presence of such features may result in expanded 
curtailment recommendations. John said that this can be done as a desktop survey, and if the 
features are not on the landscape then the curtailment discussion would still need to occur. 

• Bob added that nacelle-mounted bat deterrent systems are promising, but they are not yet 
effective at the tips of blades for high-frequency calls. He said that the manufacturer does not 
expect deterrent systems to replace curtailment, but when it is a proven technology for Maine 
species and conditions, MDIFW might reduce curtailment requirements. Jim Beyer/Bob 
indicated, if deterrent systems are ready after the permit for this Project has already been 
issued, it would require a minor permit amendment and/or an amendment to the incidental 
take permit. 

• Todd said that Patriot’s intent for the interconnect is to replace the existing line with a heavier 
line, perhaps using the same poles, if possible. Patriot does not think they will need to widen the 
corridor. Bob commented that it would be great if there was no additional clearing and added 
that there could be mitigation possibilities from restoring existing impacted resources. 

• Later, there was a discussion about how installing taller poles over some of the streams would 
reduce the need for canopy maintenance. Todd added that maintenance of the interconnect 
would be CMP’s responsibility.  

• From the federal perspective, Shawn said that there is no critical habitat for Atlantic salmon or 
Canada lynx, so it’s likely that no additional work will be required. He recommended contacting 
Mark McCollough directly (and ASAP as he will be departing for Denmark soon) to find out if there 
is anything specific he would like Patriot to do. He also said that eagles are now handled out of 
the USFWS Regional Office in Hadley, Massachusetts and that there is a form for bats available 
online that can be filled out. 

• Derek added that Tetra Tech’s eagle surveys were completed before the USFWS guidelines 
were available. 

• Jim asked if Patriot can use the wetland data that Tetra Tech collected back in 2014. Shawn said 
that is fine as long as they were completed with the Northeast supplement. Jim said that Tetra 
Tech will delineate the areas that have not already been covered. Jim indicated that wetlands, 
vernal pools, and significant vernal pools would be refreshed. 

• Jim added that there will likely be some wetland impacts off of the developed areas and roads, 
but the previously developed areas are not a concern. Most of the turbines are currently 
proposed to be close to roads. 

• Jim said that a full wetland delineation will not be complete until Spring 2020, but Tetra Tech 
will do some preliminary site work for planning purposes and can send those results to Shawn 
for review. 

• Bob said that Becca’s review of MDIFW maps of known resources indicate a significant vernal pool 
along the transmission corridor and added that intermittent streams would also be a concern. 
Bob agreed that previous surveys (5 years) of vernal pools should be refreshed (April–May) 
because they change. 
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• For nocturnal radar, Bob said that MDIFW is seeing higher fatality numbers in areas like the 
downeast coastal plain where there are high migration numbers with low flight heights. MDIFW 
is also looking at wind projects within a mile of riparian corridors. For this project, he said he 
would want know if the proposed higher turbines situated on a high plateau would present a 
unique issue for bird fatalities i.e. not ruling out nocturnal radar until he sees an analysis of turbine 
height in relation to surrounding areas. 

• Derek said that fatalities typically occur when there is a migration event during nights with 
low visibility and a low cloud ceiling. Derek indicated that Tetra Tech has 1.5 years of nocturnal 
radar and concurrent fatality monitoring from Canton Wind.  Bob requested copies. 

• Bob/John asked Tetra Tech for a refresher on what has been done with raptors and eagles. 

• Bob did not think MDIFW could review the completed and proposed wildlife studies and respond 
before the end of the year. 

• Lauren suggested putting together a table to facilitate MDIFW’s review. 

• Todd asked if MDIFW could at least review the studies that need to start this winter and 
approve that before the end of the year so that Tetra Tech can get started with the work. 

• Derek said that a great blue heron study was completed in conjunction with the eagle nest study. 
Bob/John said that incidental observations should be recorded during other studies i.e. wetland 
delineation. 

• Bob also said to look within 250 feet of the Project boundary during wetland delineation to cover 
any SVP critical terrestrial habitat. 

• Bob said that Roaring Brook mayfly, northern spring salamander, and northern bog lemming 
should be looked at. They probably won’t be in the fields, but could be in the transmission line 
corridor. 

• John said that upland sandpiper might show up in the back scatter radar fields, but he would check 
with Charlie Todd to see if that would be harassment if they are disturbed. Derek indicated that 
upland sandpipers forage in the area but that Tom Hodgman didn’t think that they bred on site. 
John said they will not require specific upland sandpiper surveys, but asked that Tetra Tech 
document any incidental observations. Tetra Tech will definitely need to address streams, bats, 
and birds.  If there are talus slopes, rocky outcrops, etc., work with Shevenell Webb and Sarah 
Boyden regarding possible acoustics.  If not, it will likely be curtailment only. 

• Todd wanted to know about the timing of survey reports with the permitting process. Jim said 
that he envisions Tetra Tech will submit a complete permitting package but then send any 
necessary updates and supplements. 

Visual Resources/Noise 

• Todd and Jim emphasized that the visualizations provided at the meeting were rough and that the 
current siting of the turbines were preliminary and subject to micro-siting. 
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• Todd said that the visualizations are of the turbines located just over 8 miles and based on 
the highest tower height (126 meters) but currently GE is recommending 107 meters. He 
thinks that Patriot will probably end up at the lower height. 

• Jim Beyer wanted to know if there any scenic resources other than the Appalachian Trail. He also 
added that if there is a scenic resource within 8 miles of both the new project and Bingham Wind 
then cumulative impacts would need to be assessed. 

• Bob said that, based on his calculations, the tip of the blade would be at approximately 186 
meters. He also said that this project has the highest MW per tower. 

• Parker said that the highest turbines in Maine have a hub height of 117 meters, and that 
Cianbro just installed 131-meter turbines in Pennsylvania. 

• Todd/Parker added that the taller turbines are more efficient and allow sites with lower wind 
resources more viable for wind energy development. 

• Derek added that the larger turbines rotate more slowly to keep tip speed down; Todd added 
that the longer blades have more surface area per turbine, but there are fewer turbines. 

• Jim Beyer said that intercept surveys are not required, but it’s the applicant’s burden to 
demonstrate how the Project will affect scenic resources for visitors. 

• Todd said that Patriot will probably do them anyway. 

• Jim Beyer said that radar lighting will be required unless the Project is 8 miles from any scenic 
resource. Bob added that MDIFW generally makes the same recommendation regardless of 
distance because regular lighting is an attractant for wildlife. There was discussion about whether 
lights should be installed on separate poles because of ice damage. Jim Beyer said not to use 
whatever system is on Bingham because it’s not working. 

• Todd/Jim said that Patriot will conduct an assessment for dwellings, but noise impacts are not 
expected to be a problem for the Project. 

• Tetra Tech will provide MDIFW with information on studies previously done and plans for 
refreshing. 

• MDIFW will review and advise first on winter survey needs, as they are time sensitive. 



From: Stratton, Robert D
To: Lin, Mao; IFWEnvironmentalreview
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Subject: RE: Patriot Renewables - Moscow Renewable Energy Project - Completed and Proposed Studies
Date: Friday, February 21, 2020 4:34:00 PM
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Good afternoon Mao,
 
We will provide a more comprehensive reply to your inquiries soon but, given that this reply is later
than we desired and with an awareness of your seasonal needs, I wanted to provide some time-
sensitive input now. 
 
- MDIFW recommends one year of golden eagle surveys to be conducted between February 15 –
June 15 and August 1 – December 15 following the raptor migration protocol as described in
MDIFW’s Maine Wind Power Preconstruction Recommendations (March 5, 2018).  A second year
may be requested pending results.  This request is considering: 1) raptor migration surveys that were
already conducted at the site (fall 2012 [August 27 – December 14, 2012] and spring 2013 [March 10
– May 6, 2013]), 2) Maine Wind Power Preconstruction Recommendations for golden eagles, and 3)
telemetry documentation of golden eagle activity within the project area.
 
- No peregrine pairs have been documented in the project vicinity, therefore no peregrine surveys
are requested.
 
- Following the 2018 guidance, no additional raptor migration surveys are requested, however data
would be welcome considering golden eagle surveys will be conducted.
 
As requested at our December 10, 2019 meeting, for any turbines proposed to be located on the
elevated former radar sites, please provide information on the heights of the proposed turbines at
tip of blade in reference to nearby natural terrain.  Also, please provide a copy of the 1.5 years of
nocturnal radar and concurrent fatality monitoring report from Canton Wind that Derek
Hengstenberg referenced.
 
My apologies for the delay in providing this information.  As referenced above, we will address the
remaining questions of study recommendations for the Moscow project and reply as soon as
possible.  Please let me know of any questions or concerns.  Thank you, Bob.
 
 
Bob Stratton
Wildlife Biologist
Environmental Program Manager
Maine Department of Inland Fisheries & Wildlife
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284 State Street; 41 State House Station
Augusta, Maine 04333-0041
Tel: (207) 287-5659
mefishwildlife.com
 
Correspondence to and from this office is considered a public record and may be subject to a request under the
Maine Freedom of Access Act. Information that you wish to keep confidential should not be included in email
correspondence.
 

From: Lin, Mao <Mao.Lin@tetratech.com> 
Sent: Monday, February 17, 2020 2:30 PM
To: Stratton, Robert D <Robert.D.Stratton@maine.gov>; IFWEnvironmentalreview
<IFWEnvironmentalreview@maine.gov>
Cc: Mark_McCollough@fws.gov; Todd Presson <TPresson@jaycashman.com>; John Kennedy
<jkennedy@jaycashman.com>; Cassida, Jim <Jim.Cassida@tetratech.com>; Hengstenberg, Derek
<Derek.Hengstenberg@tetratech.com>
Subject: RE: Patriot Renewables - Moscow Renewable Energy Project - Completed and Proposed
Studies
 
EXTERNAL: This email originated from outside of the State of Maine Mail System. Do not
click links or open attachments unless you recognize the sender and know the content is safe.
Hi Bob,
 
We wanted to follow-up with you and find out if you and John have reviewed our Completed and
Proposed Studies for the proposed Moscow Renewable Energy Project, and if you have any
comments. Tetra Tech is currently developing a comprehensive scope of work to submit to Patriot,
and it would be very helpful to have your feedback so that we do not propose any unnecessary
studies or miss any important studies.
 
We look forward to hearing any feedback you might have about our proposed studies.
 
Thanks,
 
Mao
 
 
 
 

From: Stratton, Robert D [mailto:Robert.D.Stratton@maine.gov] 
Sent: Tuesday, January 14, 2020 7:50 AM
To: Lin, Mao <Mao.Lin@tetratech.com>; IFWEnvironmentalreview
<IFWEnvironmentalreview@maine.gov>
Cc: Mark_McCollough@fws.gov; Todd Presson <TPresson@jaycashman.com>; John Kennedy
<jkennedy@jaycashman.com>; Cassida, Jim <Jim.Cassida@tetratech.com>; Hengstenberg, Derek
<Derek.Hengstenberg@tetratech.com>
Subject: Re: Patriot Renewables - Moscow Renewable Energy Project - Completed and Proposed
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Studies
 

⚠ CAUTION: This email originated from an external sender. Verify the source before opening links or
attachments. ⚠

 
Mao,
 
Thank you for the information. John and I are both away this week but, we are reviewing it
and will get back to you as soon as we can.
 
Bob Stratton
MDIFW
 
via cellphone

From: Lin, Mao <Mao.Lin@tetratech.com>
Sent: Monday, January 13, 2020 1:22:44 PM
To: IFWEnvironmentalreview <IFWEnvironmentalreview@maine.gov>; Stratton, Robert D
<Robert.D.Stratton@maine.gov>
Cc: Mark_McCollough@fws.gov <Mark_McCollough@fws.gov>; Todd Presson
<TPresson@jaycashman.com>; John Kennedy <jkennedy@jaycashman.com>; Cassida, Jim
<Jim.Cassida@tetratech.com>; Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>
Subject: Patriot Renewables - Moscow Renewable Energy Project - Completed and Proposed Studies
 
EXTERNAL: This email originated from outside of the State of Maine Mail System. Do not click
links or open attachments unless you recognize the sender and know the content is safe.
Dear MDIFW  –
 
On behalf of Patriot Renewables, Tetra Tech is following up on MDIFW’s request for a summary of
studies completed by Tetra Tech at the Moscow Renewable Energy Project Area from 2012–2014.
Tetra Tech created the attached document that includes those summaries along with a fillable table
for MDIFW input (please use as much space as you need) and a list of proposed studies for the 2020
field season.
 
For MDIFW’s reference, we have also attached the comprehensive 2012-2013 Bird and Bat survey
report produced by Tetra Tech, and the recently published evaluation of GE bat deterrent systems
that was referenced at our December 10, 2019 meeting.
 
It is our understanding that the email address ifwenvironmentalreview@maine.gov is monitored by
both John Perry and Becca Settele. If that is not the case, we would appreciate it if you could
forward this message and the attached documents to them.
 
Tetra Tech appreciates your time and looks forward to your review and comments.
 
For questions or additional information, please contact Tetra Tech’s Project Manager, Jim Cassida, at
jim.cassida@tetratech.com or via phone at 207-879-9496.
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Thanks,
 
Mao
 
 
Mao Lin | Wildlife Biologist
Direct (207) 358-2384 | Main (207) 358-2400 | Fax (207) 879-9481 | E-mail:  mao.lin@tetratech.com

Tetra Tech | Complex World, Clear Solutions™ 
451 Presumpscot St., Portland, ME 04103 | tetratech.com

      Please consider the environment before printing. Read More. 

This message, including any attachments, may include privileged, confidential and/or inside information. Any
distribution or use of this communication by anyone other than the intended recipient is strictly prohibited and may
be unlawful. If you are not the intended recipient, please notify the sender by replying to this message and then
delete it from your system.
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From: Stratton, Robert D
To: Cassida, Jim
Cc: Beyer, Jim R; shawn.b.mahaney@usace.army.mil; Mark McCollough; Mahaney, Wende; Todd Presson;

jkennedy@jaycashman.com; Parker Hadlock; Lauren Walsh; Hengstenberg, Derek; Lin, Mao; Perry, John; Todd,
Charlie; Settele, Rebecca; Boyden, Sarah; Thorndike, Elizabeth

Subject: Moscow Renewable Energy Project
Date: Tuesday, March 10, 2020 8:53:55 AM
Attachments: Moscow Renewable Energy Project 10Mar2020.pdf

MDIFW Solar Project Guidance 05March2020.pdf
2018 Preconstruction Study & Curtailment Recommendations 05Mar2018.pdf
2018 Coastal Plain 05Mar2018.pdf

 CAUTION: This email originated from an external sender. Verify the source before opening links or
attachments. 

Good morning Jim,
 
Per your request, please find attached, MDIFW’s recommendations related to resource surveys for
the proposed Moscow Renewable Energy Project, as well as copies of current Department guidance
documents referenced within.  If you have any questions, please feel free to contact me.  Thank you,
Bob.
 
Bob Stratton
Wildlife Biologist
Environmental Program Manager
Maine Department of Inland Fisheries & Wildlife
284 State Street; 41 State House Station
Augusta, Maine 04333-0041
Tel: (207) 287-5659
mefishwildlife.com
 
Correspondence to and from this office is considered a public record and may be subject to a request under the
Maine Freedom of Access Act. Information that you wish to keep confidential should not be included in email
correspondence.
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March 10, 2020 


 


Mr. Jim Cassida 


Tetra Tech 


451 Presumpscot Street 


Portland, Maine 04103 


 


RE:  Moscow Renewable Energy Project Preliminary Resource Survey Recommendations 


 


Dear Jim, 


 


I am writing to respond to your company’s request for input regarding the proposed Moscow Renewable Energy 


Project.  Patriot Renewables is proposing the project at the decommissioned US Air Force radar site in Moscow 


and Caratunk, to consist of approximately 20 megawatts (MW) of solar energy and 60 MW of wind energy 


(eleven, 5.5 MW turbines).  As discussed at our December 10, 2019 meeting, Patriot proposes to replace an 


existing 115 kilovolt transmission line, so they will not need to expand or create a new transmission line 


corridor to direct generated electricity to the substation at Wyman Dam.  The proposed project will occupy the 


former “radar fields” as well as adjacent, unaltered areas.  On January 13, 2020, Tetra Tech provided a summary 


of previously conducted and proposed resource surveys for the Moscow Renewable Energy Project and 


requested input from the Maine Department of Inland Fisheries and Wildlife (MDIFW).  On February 21, 2020, 


MDIFW provided recommendations related to winter surveys via email.  Concurrent to our discussions and 


review of studies for the Moscow Renewable Energy Project, we have been developing updated agency 


guidance for similar projects, which should be of assistance here.  MDIFW recommends that for all resources, 


previous surveys should be updated in consideration of the time that has elapsed, and new resource surveys 


need to be conducted for any areas currently proposed for development that were not previously assessed.  For 


reference, please find attached, copies of MDIFW’s Maine Wind Power Preconstruction Recommendations and 


Turbine Curtailment Recommendations to Avoid/Minimize Bat Mortality (Maine Wind Power) Guidance (March 


5, 2018) and our newly released Solar Energy Project General Resource Guidance and Recommendations 


(March 5, 2020) (Maine Solar Energy Guidance).  In addition, the following is provided specifically in reference 


to Tetra Tech’s January 13, 2020 message referenced above. 


 


1. Avian Radar (conducted 2012-2013) 


As described in the Maine Wind Power Guidance (2018), MDIFW usually only recommends nocturnal radar for 


“projects proposed within one mile of one of Maine’s major rivers”, “based on the habits of migrating birds for 


following topographic features and limited data in such areas”.  For wind power projects proposed in the 


Downeast Coastal Plain, MDIFW may also recommend avian radar surveys as part of a pre-approved, rigorous, 


independent, and research-quality data collection effort to help more firmly establish the boundaries of this 


region of concern for migrating songbirds.  The Moscow Renewable Energy Project does not meet either of 


these criterion, as it is proposed to be located approximately 4-5 miles from the Kennebec River.  However, as 


discussed, questions remain of possible concerns as the project proposes to install the largest turbines in Maine 


to date on a project site that includes artificially elevated areas.  Tetra Tech reported that previous (2012) radar 


surveys indicated nightly target flight heights ranging from 169 meters to 1,757 meters above ground level 


during fall migration and 170 meters to 563 meters during spring migration, compared to an MDIFW-estimated 
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blade tip height of approximately 186 meters for the current proposal.   Please update the estimated blade tip 


height with more accurate project details.  To evaluate these questions, as requested at our December 10, 2019 


meeting, for any turbines proposed to be located on the elevated former radar sites, please provide 


information on the blade tip heights in reference to both current conditions and nearby natural terrain.  Also, 


please provide a copy of the report detailing 1.5 years of nocturnal radar and concurrent fatality monitoring at 


Canton Wind that Derek Hengstenberg referenced. 


 


2. Eagle Nest Survey (conducted 2013) 


As noted in our meeting, MDIFW refers to USFWS on this issue.  Tetra Tech has indicated that it is already 


coordinating with the USFWS Northeast Regional Office. 


 


3. Raptor Migration (conducted 2012-2013); Raptor Use (conducted 2013) 


As noted in my email of February 21, 2020, following MDIFW’s Maine Wind Power Guidance (2018), no 


additional raptor migration surveys are requested, however data would be welcome considering golden eagle 


surveys will be conducted. 


 


4. Breeding Bird Survey (conducted 2013) 


MDIFW’s Avian Biologists recommend repeating breeding bird surveys in consideration of the time that has 


elapsed since previous surveys.  


 


5. Upland Sandpiper (conducted 2013) 


See MDIFW’s Avian Resources in Maine’s Coastal Plain (2018) and Maine Solar Energy Guidance (2020) for 


descriptions of habitats and risks to upland sandpipers.  Upland sandpipers were previously observed on this 


site.  MDIFW recommends updated surveys for upland sandpipers to determine whether they are still present 


on site, whether they are breeding and, if so, in which areas.  Breeding surveys should be conducted in May and 


June for evidence of courtship displays.  Please contact Adrienne Leppold (adrienne.j.leppold@maine.gov; 207-


941-4482) for further information.  The results of surveys will determine if measures are needed to 


avoid/minimize the risk of Take or Harassment through efforts potentially including breeding area buffers, 


winter construction timing, Incidental Take Plans, and mitigation for direct and indirect impacts, etc. 


 


6. Bat Acoustic Survey (conducted 2012-2013) 


As noted in MDIFW’s Maine Wind Power guidance (2018), bat acoustic surveys are currently recommended in 


only limited situations, whereas MDIFW widely recommends turbine curtailment as a protective measure.  As 


we discussed and as also described in the 2018 guidance, based on the statewide presence of bats, though in 


reduced numbers, “MDIFW recommends that turbines operate only at cut-in wind speeds exceeding 6.0 meters 


per second each night (from at least ½ hour before sunset to at least ½ hour after sunrise) during the period April 


15 –September 30, whenever the ambient air temperature is at or above 32 degrees Fahrenheit, measured at 


both ground level and nacelle hub height”, with possible modifications in dates based on site-specific needs 


related to the proximity to wintering habitats.  “Additionally, based on higher bat mortality during July – 


September demonstrated through post-construction project monitoring in Maine and research elsewhere, 


applicants can anticipate a need for increased curtailment wind speeds during this period.”  As we discussed, 


two recent wind energy projects incorporated 6.0 m/s curtailment regimens during most of the season.  One 


adopted a July 16 – September 15 curtailment speed of 6.9 m/s, while the other adopted a curtailment speed of 


6.5 m/s during the same time period.  Based on the levels of protection anticipated for bats by these proposals, 


MDIFW agreed to an Incidental Take Plan/Permit for the first project and to forego post-construction mortality 


monitoring for both projects.  As with all issues described, MDIFW is available to meet with project 


representatives to discuss these issues. 
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MDIFW recommends that all areas of talus and rocky features of approximately 1,000 square feet or greater in 


size be documented on and within 250 feet of solar project areas, including smaller areas of rock piles and 


tailings (i.e., quarry spoils).  MDIFW also recommends identification of known hibernacula, maternity roosts, 


talus fields, rocky outcrops, and cliffs on site and within three miles of proposed wind energy project sites.  


Further details and contact information are provided in MDIFW’s Maine Solar Energy Guidance (2020) and 


Maine Wind Power Guidance (2018).  


 


7. Sensitive Species (conducted 2012-2013); Rare, Threatened, Endangered Species. 


Roaring Brook Mayfly, Northern Spring Salamander.  


See MDIFW’s Maine Solar Energy Guidance (2020) for habitat descriptions for these species.  Both species have 


the potential to exist in the area, and Roaring Brook mayflies are known to be present nearby in Caratunk.  We 


recommend that you characterize habitat suitability and conduct surveys on likely habitat per standard 


guidance for new development and forest clearing.  Surveys for potentially suitable Roaring Brook mayfly and 


northern spring salamander habitat should be conducted within 250 feet of areas where project-related forest 


clearing or stream impacts are planned (e.g., project infrastructure, roads, transmission lines, bridges, culverts, 


or other clearings), during the appropriate timing window (September for Roaring Brook mayfly, mid-May to 


mid-September for spring salamanders).  Alternatively, a developer may choose to consider streams that meet 


the location and habitat characteristics for these species as providing habitat, not formally survey them, and 


design the project accordingly, incorporating the recommended riparian buffers.  MDIFW recommends that 


contiguous forested riparian buffers remain intact for a distance of at least 250-feet from each bank for streams 


where these species have been documented to occur.  Please also refer to Recommended Management 


Guidelines for Land Use in or Adjacent to Roaring Brook Mayfly and Northern Spring Salamander Habitat. 


 


Northern Bog Lemming 


Northern bog lemmings occupy specific elevations and habitat types, as described in MDIFW’s Maine Wind 


Power Guidance (2018) and Maine Solar Energy Guidance (2020).  It appears that portions of the project site 


may be located at elevations where northern bog lemmings may be found.  MDIFW recommends evaluation of 


the project site for suitable habitat and, if present, surveys for the species. 


 


A subset of Rare, Threatened, or Endangered (RTE) species that are occasionally of concern for wind and solar 


projects are noted in the referenced Department wind and solar guideline documents.  Please characterize the 


habitat suitability and evaluate the need for species surveys for these RTE species based on site characteristics.  


 


8. Canada Lynx (conducted 2013) 


As noted in attached guidance documents, as the Canada lynx is also listed as a Threatened Species under the 


Federal Endangered Species Act, MDIFW generally defers to recommendations from the U.S. Fish and Wildlife 


Service (Maine Field Office, Mark McCollough, 207-902-1570).  Tetra Tech has indicated that it is already 


coordinating with the USFWS Maine Field Office.  If an applicant wishes to determine if lynx are currently 


present, MDIFW recommends conducting snow track surveys or utilizing other survey methods within or 


adjacent to the project area following MDIFW guidelines.  Further details and contact information are provided 


in MDIFW’s Maine Wind Power Guidance (2018) and Maine Solar Energy Guidance (2020). 


 


9. Golden Eagle (conducted 2013) 


As noted in my email of February 21, 2020, MDIFW recommends one year of golden eagle surveys to be 


conducted between February 15 – June 15 and August 1 – December 15 following the raptor migration protocol 


as described in MDIFW’s Maine Wind Power Guidance.  A second year may be requested pending results.  This 
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request is considering: 1) raptor migration surveys that were already conducted at the site (fall 2012 [August 27 


– December 14, 2012] and spring 2013 [March 10 – May 6, 2013]), 2) Maine Wind Power Preconstruction 


Recommendations for golden eagles, and 3) telemetry documentation of golden eagle activity within the 


project area. 


 


10. Peregrine Falcon (conducted 2013) 


As noted in my email of February 21, 2020, no peregrine pairs have been documented in the project vicinity, 


therefore no peregrine surveys are requested. 


 


11. Great Blue Heron (conducted 2013) 


MDIFW recommends that great blue heron surveys be conducted to update previous surveys and ensure 


coverage of new proposed project areas.  Further details and contact information are provided in MDIFW’s 


Maine Wind Power Guidance (2018) and Maine Solar Energy Guidance (2020). 


 


12. Wetlands (conducted 2014) 


As noted in the Maine Solar Energy Guidance (2020), MDIFW recommends that freshwater wetlands be 


definitively located and delineated on site by qualified wetland scientists to enable an informed assessment of 


resources and appropriate agency recommendations.  Wetland surveys should update previous surveys and 


ensure coverage of new proposed project areas.  Tetra Tech indicated that this is already included in their 


workplan. 


 


13. Vernal Pools (conducted 2014) 


MDIFW recommends that vernal pool surveys be conducted to update previous surveys and ensure coverage of 


new proposed project areas.  Tetra Tech indicated that this is already included in their workplan.  Further details 


and contact information are provided in MDIFW’s Maine Wind Power Guidance (2018) and Maine Solar Energy 


Guidance (2020). 


 


14. Other Resources 


As discussed in our December 2019 meeting, one of MDIFW’s principal concerns relates to the presence and 


efforts to protect intermittent and perennial streams and associated species of concern.  Please refer to 


MDIFW’s Maine Wind Power Guidance (2018) and Maine Solar Energy Guidance (2020) for agency 


recommendations related to maintaining 100-foot undisturbed, forested buffers from the upland edge of all 


intermittent and perennial streams and any contiguous wetlands, and for designing stream crossings to provide 


for full aquatic passage. 


 


Please refer to the attached guidance documents for other possible natural resources of concern in the area.   


If you have any questions or concerns related to any of this information, please feel free to contact me at 


robert.d.stratton@maine.gov or (207) 287-5659. 


 


Sincerely, 


 


 


 


Robert D. Stratton 


Environmental Program Manager 


Maine Department of Inland Fisheries & Wildlife 
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cc:  Jim Beyer (MDEP) 


  Shawn Mahaney (USACOE) 


  Mark McCollough, Wende Mahaney (USFWS) 


  Todd Presson, John Kennedy (Patriot Renewables) 


  Parker Hadlock, Lauren Walsh (Cianbro) 


Derek Hengstenberg, Mao Lin (Tetra Tech) 


John Perry, Charlie Todd, Becca Settele, Sarah Boyden, Liz Thorndike (MDIFW) 


   


 


encl: Maine Wind Power Guidance (2018) 


Avian Resources in Maine’s Coastal Plain (2018) 


Maine Solar Energy Guidance (2020) 


 


 


 


 








Maine Department of Inland Fisheries and Wildlife 
 


Solar Energy Project General Resource Guidance and Recommendations  
 


Updated March 5, 2020 


 


 


PURPOSE AND SCOPE 


 


The Maine Department of Inland Fisheries and Wildlife (MDIFW) has developed this document to assist 


solar energy project applicants in identifying sensitive wildlife and fisheries resources, and incorporating 


measures to eliminate or reduce adverse impacts to them as early as possible in the project design and 


development stages.  A dual benefit is provided in that, by being aware of and considering significant 


resource concerns in project design and development, the applicant may experience a more 


streamlined, efficient, and predictable regulatory review process.   


 


This document provides general information on important wildlife and fisheries resources to facilitate 


development of project-specific measures to avoid or minimize impacts where possible; to help inform 


siting parameters for solar arrays, transmission lines, access roads, etc.; to help identify means to 


protect species and habitats of concern; and, when these measures have been conducted to the 


maximum extent practicable, to allow for mitigation of reasonable project impacts.  Descriptions of 


important, often encountered, and regionally significant resources, as well as information on siting 


considerations, are provided.  Next to the name of each selected resource, a general geographic 


reference is provided in red text to help guide the reader on the primary distribution of that resource.  


Please make sure that you are consulting the most recent version of this document, as guidance may 


change depending on new and cumulative information, species statuses, or other factors.  Information 


on Incidental Take Permits for State Endangered and Threatened species is also provided. 


 


As a preliminary step, applicants are encouraged to contact IFWEnvironmentalreview@maine.gov to 


request a summary of known occurrences of species or habitats of concern on potential project sites.  


This will help determine the extent of additional information that needs to be collected in order to 


inform Department recommendations.  


 


BACKGROUND 


 


MDIFW recommends that applicants consider the information in this document and incorporate site-


specific and resource-specific information provided by MDIFW when considering siting of a proposed 


solar energy facility.   


 


MDIFW concerns typically relate to Rare, Threatened, and Endangered species occurrences and habitats; 


Essential Habitats; Significant Wildlife Habitats; and Protected Natural Resources.  MDIFW conducts 


searches of its records to document known resources within areas of interest, however, site surveys 


may be necessary to identify other important resources that have not yet been investigated but may be 


present in an area.  Some species are limited by specific region or habitat type, which quickly precludes 


them from being present in some areas or, alternatively, indicates a potential presence that needs to be 


evaluated by field surveys.  Locating a project within or in proximity to certain priority habitats can result 


in adverse impacts to those habitats and the species that utilize them.  In these situations, MDIFW will 


likely recommend increased siting and design considerations, operational measures, monitoring 


practices, and/or other efforts in attempts to avoid, minimize, and possibly compensate for such 


impacts.   
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Rare, Threatened, and Endangered (RTE) Species and Habitats 


The Maine Endangered Species Act (MESA; 12 M.R.S, §12801 et. seq.) identifies all inland fish and 


wildlife species that are listed as Endangered or Threatened in Maine and provides the Commissioner of 


MDIFW with the authority to implement MESA.  Pursuant to MESA, listed species are afforded 


protection against activities that may cause “take” (kill or cause death), “harassment” (create injury or 


significantly disrupt normal behavior patterns), and other adverse actions.  Further, the No Adverse 


Environmental Effect Standard of the Site Location Law (06-096, CMR 375) provides for the preservation 


of “unusually important wildlife habitats, particularly those of rare or endangered species”, as well as 


protection of all “wildlife and fisheries by maintaining suitable and sufficient habitat” and avoiding 


adverse effects on “wildlife and fisheries lifecycles”.  Rare or “Special Concern” species are defined by 


MDIFW as species that do not meet the criteria as Endangered or Threatened, but are particularly 


vulnerable and at risk of becoming Endangered, Threatened, or Extirpated due to restricted distribution, 


low or declining numbers, specialized habitat needs or limits, or other factors.  We recommend that you 


work closely with MDIFW staff to design a project that minimizes the risk for potential Take and 


Harassment of any MESA-protected species. 


 


Essential Habitats 


Essential Habitats (EHs) are areas that currently or historically provide physical or biological features 


essential to the conservation of an Endangered or Threatened species in Maine, and are designated and 


protected pursuant to MESA.  Currently, EH is designated only for Piping Plovers (Charadrius melodus), 


Least Terns (Sterna antillarum), and Roseate Terns (Sterna dougallii), all of which are coastal breeding 


species classified as Endangered Species in Maine. 


 


Significant Wildlife Habitats 


Significant Wildlife Habitats (SWHs) are defined and protected pursuant to the Natural Resources 


Protection Act (38 M.R.S., §480-B.10) and SWH Rules (06-096 CMR 335; 09-137 CMR 10).  Subject to the 


requirements of the Rules, SWHs may include habitats for state and federal Endangered and Threatened 


animal species; high and moderate value deer wintering areas and travel corridors; seabird nesting 


islands; critical Atlantic salmon spawning and nursery areas; significant vernal pool habitat; high and 


moderate value waterfowl and wading bird habitat; and shorebird nesting, feeding, and staging areas.   


 


Protected Natural Resources 


Protected Natural Resources (PNRs) are defined and protected by the Natural Resources Protection Act 


(38 M.R.S., §480-B.8).  PNRs include coastal sand dune systems, coastal wetlands, significant wildlife 


habitats, fragile mountain areas, freshwater wetlands, great ponds, rivers, streams, and brooks.  Some 


of these resources are specifically managed by MDIFW based on the presence of, and unique habitat 


value for, certain species of fish or wildlife. 


 


It should be noted that there is no comprehensive statewide inventory that includes all RTE species 


occurrences and habitats, EHs, SWHs, and PNRs.  Though many important resources are included on 


data layers and resource maps, the completeness of such varies by habitat type, location, and previous 


survey efforts.  Thus, such tools should be considered preliminary information until otherwise noted by 


the appropriate resource agency.  Resource surveys, project siting, facility design/layout, and 


operational practices are all important aspects in this process.  MDIFW provides recommendations 


based on known, reported, and potential resource information but, it is the applicant’s ultimate 


responsibility to ensure that its activities do not result in detrimental impacts to resources. 
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SELECTED RESOURCES 


 


The following describes some resources of concern that may be encountered on solar project sites, with 


general descriptions and preliminary recommendations.  MDIFW provides more detailed site-specific 


and resource-specific recommendations as part of formal project reviews.  Resource-specific 


Department contacts are provided where applicable.  Please include 


IFWEnvironmentalreview@maine.gov on any project-related correspondences. 


 


1. Aquatic Resources 


a. Significant Vernal Pools (Significant Wildlife Habitat). Statewide. 


Vernal pools are shallow depressions that usually contain water for only part of the year and typically 


dry out by mid to late summer.  Despite their relatively short hydroperiod, vernal pools serve as unique 


breeding habitat for certain species of wildlife, including specialized amphibians and invertebrates.  The 


regulatory “significance” of vernal pools and their associated buffers (Critical Terrestrial Habitats or 


CTHs) is dependent upon several factors, including the use by state RTE Species or the presence and 


productivity of certain pool-breeding amphibians.  It should be noted, a comprehensive statewide 


inventory for Significant Vernal Pools (SVPs) has not been conducted.  And, since vernal pools dry out on 


a seasonal basis, they can be missed during dry conditions.  Therefore, we recommend that surveys for 


vernal pools be conducted by qualified wetland scientists prior to final project design to determine 


whether there are SVPs present in the project area.  These surveys should extend out to 250 feet 


beyond the anticipated project footprint to determine potential impacts to the CTHs of off-site SVPs, 


assuming such pools are located on land owned or controlled by the applicant.  A Maine State Vernal 


Pool Assessment Form should be completed for each pool and submitted to MDIFW for pool status 


determination as soon as possible and well before the project application is submitted to state 


regulatory agencies.  The optimal time for assessing the presence of amphibian indicator species 


coincides with a relatively brief spring breeding period that varies slightly with geography, elevation, and 


weather.  Because of the limited survey period, vernal pools should be considered as “Potentially 


Significant” until such time that a seasonally valid survey is conducted, and the true pool status is 


determined.  Alternatively, a developer may choose to not conduct formal surveys, consider all natural 


origin pools as SVPs, and design the project accordingly to avoid (recommended), minimize, and 


mitigate for any impacts to these resources. MDIFW typically recommends Best Management Practices 


for forestry (available from MDIFW or the Maine Forest Service) and minimum development impacts 


within the 250-foot wide Critical Terrestrial Habitat bordering a SVP, where possible. 


 


Please also refer to MDIFW’s Recommended Performance Standards for Maine’s Significant Vernal Pools 


in Overhead Utility ROW Projects (March 2012) for further guidance, if applicable to your project.  


Please contact MDIFW’s Reptile, Amphibian, and Invertebrate Biologist, Beth Swartz 


(beth.swartz@maine.gov, 207-941-4476), for further details. 


 


b. Intermittent and Perennial Streams (Protected Natural Resources). Statewide. 


One of MDIFW’s principal concerns relates to the presence and efforts to protect intermittent and 


perennial streams and associated species of concern.  Rivers, streams, and brooks within remote project 


sites are often in or near headwaters, providing high water quality and habitat values for fish and other 


aquatic and wetland species.  MDIFW generally recommends maintaining 100-foot undisturbed, 


forested buffers from the upland edge of all intermittent and perennial streams and any contiguous 


wetlands.  Maintaining and enhancing buffers along these resources is critical to the protection of water 


temperature, water quality, natural inputs of coarse woody debris, and various forms of aquatic life 


necessary to support coldwater fish and other aquatic species.  Riparian buffers also provide critical 


habitat and important travel corridors for a variety of wildlife species.   
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Stream crossings should be avoided but, if a stream crossing is necessary or an existing crossing needs to 


be modified, it should be designed to provide for full aquatic passage.  Small streams, including 


intermittent streams, can provide crucial rearing habitat, cold water for thermal refugia, and abundant 


food for juvenile salmonids on a seasonal basis.  Undersized crossings may inhibit these functions and 


become a frequent maintenance problem that causes reoccurring damage to the resource.  Generally, 


MDIFW recommends that all new, modified, and replacement stream crossings be sized to span at least 


1.2 times the bank-full width of the stream.  In addition, we generally recommend that stream crossings 


be open bottomed (i.e., natural bottom), although embedded structures which are backfilled with 


representative streambed material have been shown to be effective in providing habitat connectivity for 


fish and other aquatic organisms.  MDIFW encourages consideration of these factors during initial design 


of the project, selection of its position in the landscape, site preparation, and installation of 


infrastructure, to ensure continuation of these important habitat functions. 


 


c. Freshwater Wetlands (Protected Natural Resource). Statewide. 


Freshwater wetlands are valuable natural resources that serve important functions to help preserve, 


protect, and enhance adjacent aquatic and terrestrial habitats, as well as provide important habitats 


themselves for a high diversity of fish and wildlife species.  Wetland impacts should be avoided or 


minimized to the maximum extent practicable, and remaining reasonable impacts appropriately 


mitigated.  MDIFW recommends that freshwater wetlands be definitively located and delineated on site 


by qualified wetland scientists to enable an informed assessment of resources and appropriate agency 


recommendations. 


 


2. Mammals and Habitats 


a. Bat Habitat (State Endangered, Threatened, Special Concern Species).  Statewide. 


Of the eight species of bats that occur in Maine, three Myotis species are afforded protection under 


Maine’s Endangered Species Act: the little brown bat (M. lucifugus, State Endangered); northern long-


eared bat (M. septentrionalis, State Endangered); and eastern small-footed bat (M. leibii, State 


Threatened).  The five remaining bat species are designated as Species of Special Concern:  red bat 


(Lasiurus borealis), hoary bat (L. cinereus), silver-haired bat (Lasionycteris noctivagans), tri-colored bat 


(Perimyotis subflavus), and big brown bat (Eptesicus fuscus).  Prior to the spread of White Nose 


Syndrome beginning in approximately 2010, Maine enjoyed statewide distributions of little brown bats 


and northern long-eared bats, as well as frequent occurrences and sizable distributions of the six other 


bat species that are indigenous to Maine.  Since then, however, bat populations have declined 


dramatically, reducing the populations of some species by more than 90%.  While a comprehensive 


statewide inventory for bats has not been completed, work by MDIFW and others validates that bats are 


still present statewide during fall/spring migration, summer breeding, and/or overwintering, though in 


significantly lower numbers.  Based on this established presence and to allow for restoring bat 


populations to the extent possible, MDIFW recommends siting away from key habitats where bats 


aggregate.   


 


If the project has a Federal regulatory nexus, either through funding or permitting, or if the project is not 


consistent with the U.S. Fish and Wildlife Service (USFWS) “4(d) Rule”, we recommend that applicants 


contact the USFWS -- Maine Fish and Wildlife Complex (Wende Mahaney, 207-902-1569) for further 


guidance, as the northern long-eared bat is also listed as a Threatened Species under the Federal 


Endangered Species Act. The USFWS “4(d) Rule” provides guidance for protection of bat winter 


hibernacula and maternity roost trees for northern long-eared bats 


(https://www.fws.gov/midwest/endangered/mammals/nleb/4drule.html).  MDIFW Endangered Species 


Rules for bats (09-137, CMR 8.06; http://www.maine.gov/sos/cec/rules/09/137/137c008.docx) provide 


equivalent seasonal protection of maternity roost trees for any of the three state-listed bats, seasonally 


prohibits entry into subsurface winter hibernacula, and has additional protections for tree removal 
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within ¼ mile of winter hibernacula.  At present, no maternity roost trees have been designated for 


protection.   


 


It is well known that myotis bats hibernate in caves and mines however, these traditional subsurface 


hibernacula are very limited in Maine.  Recent research indicates that Myotis and big brown bats may 


also overwinter in exposed rocky features, between rocks, cracks, and crevices in talus slopes, rocky 


outcrops, and cliff faces.  Some species of bats, like the eastern small-footed bat, use rocky features 


year-round.  To date, Maine studies have focused on relatively exposed slopes with minimal canopy 


cover, although ongoing research has shown that bats also occupy rocky features under forest canopy.   


 


Occupied talus slopes in Maine have consisted of variable rock sizes, ranging in size from softball to car-


sized boulders. Rock piles, rock ledges, and small vertical cracks in rocks (>1/2-inch-wide) create crevices 


that allow bats to access deeper cavities that provide protection from predators and suitable 


temperature and humidity conditions.  Relatively few of these habitats have been mapped statewide.  


Therefore, we advise that all areas of talus and rocky features of approximately 1,000 square feet or 


greater in size be documented on and within 250 feet of the project area, including smaller areas of rock 


piles and tailings (i.e., quarry spoils).  Please see MDIFW’s Representative Photographs of Suitable Bat 


Rock-Roosting Sites for example features for guidance purposes.  Detailed photographs and coordinates 


should be submitted to MDIFW for review, and acoustic monitoring may be recommended to document 


occupancy.  Alternatively, these features should be appropriately buffered commensurate with the size 


and layout of the project.  If the habitat features described above are not present in the project area, 


MDIFW does not anticipate significant impacts to bat species as a result of a solar project, based on 


current best available science.  For further guidance, please contact the MDIFW’s Small Mammal 


Biologist, Shevenell Webb (shevenell.webb@maine.gov, 207-941-4473). 


 


b. Deer Wintering Areas and Travel Corridors (Significant Wildlife Habitat). Statewide. 


Deer Wintering Areas (DWAs) contain habitat cover components that provide conditions for protection 


from deep snow and cold wind, which is important for overwinter survival of white-tailed deer 


(Odocoileus virginianus).  DWA Travel Corridors contain similar habitat qualities and provide the means 


for DWA ingress and egress.  The need and value of DWAs vary across the state according to factors such 


as the population of deer in relation to species management objectives, habitat quality and quantity, 


and the severity of winter conditions.  Particularly in southern and coastal areas, we recommend that 


you consult with MDIFW staff to verify the status and value of DWA habitats depicted. 


 


MDIFW generally recommends that development projects be designed to avoid impacts to the 


continued availability of coniferous winter shelter within important DWAs and Travel Corridors.  Any 


removal of vegetation should be conducted in such a way that improves the quality and vigor of the 


coniferous species providing this winter shelter.  If the project will involve the removal of trees 


important to overwintering deer, we recommend that you contact our Regional Wildlife staff for 


additional guidance.  Please also refer to the Recommended Performance Standards for Deer Wintering 


Areas in Overhead Utility ROW Projects (March 2012) for further guidance, if applicable to your project. 


 


c. New England Cottontail (State Endangered Species). Southern Maine.  


The New England cottontail (Sylvilagus transitionalis) is listed as a State Endangered species and is 


afforded protection under MESA.  New England cottontails require areas of shrubs and densely growing 


young trees and, in the Northeastern U.S., much of the area supporting the species has been 


fragmented and no longer provides habitat of suitable quality, size, or connectivity.  As noted in 


MDIFW’s Wildlife Research & Management Report 2018, New England cottontails are now only known 


to exist in three populations in Maine: 1) Cape Elizabeth / Scarborough, 2) Wells, and 3) Kittery / York / 


Elliot.  We recommend that you contact MDIFW Region A Wildlife Biologist, Cory Stearns 
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(cory.r.stearns@maine.gov, 207-657-2345) for any site-specific data for your project, as well as to 


schedule a site visit, if necessary, to assess potential cottontail presence and habitat suitability. 


 


d. Northern Bog Lemming (State Threatened Species). Western, Northern Maine. 


The northern bog lemming (Synaptomys borealis) is listed as a State Threatened species and is afforded 


protection under MESA.  Northern bog lemming habitat consists of alpine sedge meadows, krummholz, 


spruce-fir forest with dense herbaceous and mossy ground cover, acidic wet meadows, and mossy 


stream-sides that are at or above 1,000 feet elevation in western mountain and northern areas of 


Maine.  Northern bog lemmings are presumed to be present in these habitats and, to protect this 


species, MDIFW recommends that these areas be avoided.  Alternatively, if an applicant wishes to verify 


presence, MDIFW recommends, as part of project wetland delineation work, that the applicant note any 


potential habitats that meet these criteria and that they perform surveys to document presence / 


probable absence, including the collection of appropriate field samples for eDNA testing.  For 


information on survey protocols and further guidance, please contact MDIFW’s Small Mammal Biologist, 


Shevenell Webb (shevenell.webb@maine.gov, 207-941-4473). 


 


e. Canada Lynx (State Special Concern Species).  Northern, Western, Central, Eastern Maine.  


The Canada lynx (Lynx canadensis) is designated as a Species of Special Concern in Maine.  Lynx habitat 


consists of large connected blocks of moderately dense to densely stocked spruce and fir sapling trees.  


Lynx are most common in Maine in the spruce/fir flats of Aroostook and Piscataquis Counties and 


northern Penobscot, Somerset, Franklin, and Oxford Counties.  Historic and recent observations suggest 


lynx also occasionally occur in portions of eastern Maine.  As this animal is also listed as a Threatened 


Species under the Federal Endangered Species Act, MDIFW generally defers to recommendations from 


the U.S. Fish and Wildlife Service (Maine Field Office, Mark McCollough, 207-902-1570).  If an applicant 


wishes to determine if lynx are currently present, MDIFW recommends conducting snow track surveys 


or utilizing other survey methods within or adjacent to the project area following MDIFW guidelines.  


For further guidance, please contact MDIFW’s Black Bear and Canada Lynx Biologist, Jennifer Vashon 


(jennifer.vashon@maine.gov, 207-941-4238). 


 


3. Priority Birds and Habitats. 


a. Essential Habitats (Maine Endangered Species Act).  Coastal and Vicinity. 


As noted above, Essential Habitats are currently only designated for piping plovers, least terns, and 


roseate terns, all of which are coastal breeding species, classified as Endangered Species in Maine.  


Piping plover and least tern Essential Habitat focuses on coastal wetlands, salt marshes, and sand dune 


systems to maintain nesting, feeding, and brood-rearing habitats essential to conserving these species 


and to minimize human-related disturbance that can cause nest failure.  Roseate tern Essential Habitat 


focuses on coastal island nesting areas to maintain breeding habitat and prevent disturbance that may 


cause nesting failure. Nesting areas encompass all or part of a subset of coastal islands.  All of these 


Essential Habitats have been mapped.  Because of the importance of these resources, MDIFW’s 


recommendation is to completely avoid impacts to Essential Habitats. 


 


Prior to issuance of a permit for any project affecting Essential Habitat, the applicant needs to submit a 


Request for Project Evaluation (MDIFW Form EHR4/03) to MDIFW for final approval of the activity 


within Essential Habitat under MESA.  Pursuant to the Maine Endangered Species Act (12 MRS, §12806), 


a state agency or municipal government may not permit, license, fund or carry out projects that will 


significantly alter Essential Habitat or violate protection guidelines established for Threatened or 


Endangered species without certification from the commissioner of MDIFW that the proposed action 


would not pose a significant risk to those species. 
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b. Inland Waterfowl and Wading Bird Habitats (Significant Wildlife Habitat). Statewide. 


Inland Waterfowl and Wading Bird Habitats (IWWHs) provide important breeding, feeding, migration, 


staging, and wintering habitat for waterfowl and wading bird species.  High and moderate value IWWHs 


include both the freshwater wetland complex and a 250-foot adjacent upland zone.  MDIFW 


recommends that these resources be avoided entirely, including no clearing within the 250-foot upland 


zone extending from the wetland edge.  Please also refer to MDIFW’s Recommended Performance 


Standards for Inland Waterfowl and Wading Bird Habitats in Overhead Utility ROW Projects (March 


2012) for further guidance, if applicable to your project. 


 


c. Tidal Waterfowl and Wading Bird Habitats (Significant Wildlife Habitat). Coastal and Vicinity 


Tidal Waterfowl and Wading Bird Habitats (TWWHs) provide important feeding and/or breeding habitat 


for diverse waterfowl and wading bird species.  Birds utilize mudflats, eelgrass beds, mussel beds, 


intertidal areas, and shallow subtidal waters to forage for aquatic invertebrates, a primary food source, 


and maintaining natural tidal flow is essential to maintaining healthy intertidal areas and food sources to 


support waterfowl and wading bird species.  We recommend that projects near TWWHs be designed to 


provide as much undisturbed buffer as possible to protect this habitat. 


 


d. Priority Breeding Birds (State Endangered, Threatened, Special Concern). Statewide. 


If there is evidence of MESA-listed Endangered or Threatened bird species or select species of Special 


Concern using the project vicinity, MDIFW may recommend that breeding bird surveys be conducted.  In 


addition to the wetland, beach, and coastal island habitats mentioned above, project sites in proximity 


to grassland habitats are also of priority concern, given the at-risk species they host and their desirability 


for solar development.  As general guidance, habitats of concern for grassland bird species include large 


grasslands, barrens, and agricultural lands exceeding 15 acres in size.  This may include, but is not 


limited to, hayfields, crop fields, pastures, blueberry barrens, upland and wet meadows, as well as 


airports and landfills over 30 acres.   


 


If requested, one season of surveys will typically be adequate, but MDIFW may recommend additional 


years of sampling in some cases, namely if there is: 1) limited or no relevant data regarding breeding 


season use of the project site (e.g., data from nearby areas of similar habitat type) or 2) significantly 


diverse habitats and species are present.  In these limited situations, MDIFW-approved surveys should 


consist of point counts, designed to document singing males, though the observer should record all birds 


seen and heard.  Survey locations should cover the entire project area and be representative of all 


habitat types.   


 


MDIFW will provide a summary of known occurrences of species or habitats of concern in a proposed 


area during preliminary review of project sites or upon request.  Some species most likely to intersect 


with solar projects are discussed individually below, however, this is not a comprehensive list.  Thus, 


applicants should consult with MDIFW.  Specific habitat buffer recommendations are not provided for 


some of the examples that follow.  As individuals do not always occur at discreet points on the 


landscape, fixed buffers may not always be applicable.  Instead, MDIFW may provide acreage 


recommendations for some species of concern, based on life history breeding home-range 


requirements, that should be avoided or considered in determining impacts from a project footprint or 


the effects of habitat fragmentation.  For further guidance on breeding bird surveys, protocols for point 


count surveys, Before-After-Control-Impact assessments, and data analysis, please contact MDIFW 


Avian Biologist, Adrienne Leppold (adrienne.j.leppold@maine.gov; 207-941-4482).  
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e. Upland Sandpiper (State Threatened Species).  Statewide. 


The upland sandpiper (Bartramia longicauda) is listed as a State Threatened species and is afforded 


protection under MESA.  Upland sandpipers nest only on the ground and use both native and cultivated 


grasslands and barrens for nesting sites.  These birds are susceptible to direct habitat loss and are also 


easily displaced from important breeding, nesting, and staging areas by the presence of imposing 


structures within up to 2,600 feet (800 meters).  Upland sandpipers are very area-sensitive, requiring 75-


100 acres of open habitat, and can also be displaced due to fragmentation of open landscapes.  The 


blueberry barrens of Downeast Maine are acknowledged to support the largest numbers of breeding 


upland sandpipers in the Northeast though, even with this, the species is still categorized as Threatened.  


We recommend that development be avoided within or adjacent to upland sandpiper habitat and as 


much undisturbed buffer provided as possible from any habitats with documented breeding 


occurrences.  If a site containing upland sandpiper habitat cannot be fully avoided, MDIFW will likely 


recommend specialized surveys to document the locations of nesting individuals for establishment of 


appropriate buffers for the areas being used.  We also recommend that you contact MDIFW’s Shorebird 


Biologist at (207-941-4479) for further guidance prior to final project design. 


 


f. Grasshopper Sparrow (State Endangered Species). Southern, Central Maine. 


The grasshopper sparrow (Ammodramus savannarum) is listed as a State Endangered species and is 


afforded protection under MESA.  This species may currently be found within an area extending from 


southern Maine to Augusta.  Grasshopper sparrows are an area-sensitive species, requiring 10-40 acres 


of open grassland or barrens habitat with patches of bare ground for nesting and will use both native 


and cultivated vegetation.  We recommend that development be avoided in or adjacent to grasshopper 


sparrow habitat and as much undisturbed buffer provided as possible from of any documented 


occurrences and habitat of this species.  We also recommend that you contact MDIFW’s Avian Biologist, 


Adrienne Leppold (adrienne.j.leppold@maine.gov, 207-941-4482) for further guidance.   


 


g. Great Blue Herons (State Special Concern Species).  Statewide. 


The great blue heron (Ardea herodias) is designated as a Species of Special Concern in Maine due to an 


82% decline in the coastal breeding population observed from 1983 to 2018.  Since 2009, MDIFW has 


been monitoring the statewide population to determine if the decline seen along the coast is also 


occurring statewide.  Great blue herons build large stick nests in live, dead, or dying trees 8-100 feet or 


more above the ground, and may nest in uplands, wetlands, or on islands.  Great blue herons nest in 


groups and generally occupy colonies from April 1 through August 15 (known as the Sensitive Nesting 


Period).  During this time, the birds are extremely sensitive to disturbances caused by human intrusion, 


noise, and predators, and may abandon a colony as a result.   


 


Not all great blue heron colonies have been mapped in Maine and not all mapped colonies are still 


occupied.  For this reason, MDIFW recommends a survey of the proposed project site to look for new 


and existing colonies and their level of use.  Heron surveys should be conducted between May 1 and 


June 15 for projects in northern and Downeast Maine.  Earlier timing may be warranted in central and 


southern regions of the state.  MDIFW recommends that no new development occur within 250 feet of 


any known or discovered heron colonies.  Within this 250-foot buffer, any land management practices 


should serve to maintain or improve the overstory and provide for a continuing supply of mature trees 


favored for nesting.  MDIFW further recommends that no construction activities (land clearing, road 


construction, building of permanent structures, etc.) occur within 600 feet of nest colonies during the 


Sensitive Nesting Period.  And, any standing dead wood in the vicinity of heron nests that doesn’t pose a 


safety hazard should be left to provide potential nesting habitat for waterfowl, wading birds, or cavity 


nesting birds/mammals.  For further guidance, please contact MDIFW’s Avian Biologist, Danielle D'Auria 


(danielle.dauria@maine.gov, 207-941-4478). 
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h. Rusty Blackbird (State Special Concern Species). Eastern, Western, Northern Maine. 


The rusty blackbird (Euphagus corolinus) is designated as a Species of Special Concern in Maine.  This 


species may currently be found in Oxford, Franklin, Somerset, western Piscataquis, and western 


Aroostook Counties.  These birds are associated with extensive tracts (10 to 400 acres) of early 


successional softwood-dominated forest stands in close proximity to wetlands or low-gradient streams.  


Rusty blackbirds in Maine inhabit lakeshores, riparian zones along streams and around ponds, forested 


wetlands, and bogs.  We recommend an undisturbed buffer of 250 feet or more from any documented 


occurrences and habitat of this species.  We also recommend that you contact MDIFW’s Avian Biologist, 


Adrienne Leppold (adrienne.j.leppold@maine.gov, 207-941-4482) for any site-specific data for your 


project and to schedule a site visit or to obtain survey recommendations, if necessary, to determine 


rusty blackbird presence and habitat suitability.   


 


4. Rare Snakes and Habitat  


Maine has two species of rare snakes that are more likely to be found in areas proposed for solar 


development.  For project sites that are known to contain these species, or that are in the vicinity of 


known occurrences and have suitable habitat on site, MDIFW may recommend that a detailed 


assessment of potential habitat and population status be conducted.   


 


a. Northern Black Racer (State Endangered Species). Southern, Southwestern Maine. 


The northern black racer (Coluber constrictor) is listed as a State Endangered species and is afforded 


protection under MESA.  The black racer is Maine’s largest and rarest snake and is only known to have a 


few population strongholds, mostly restricted to York County.  This snake prefers habitat types 


consisting of dry, shrubby grasslands, early successional shrub-dominated areas, barrens, recently 


harvested forests, and open woodlands.  Recommended site protection measures and buffers for black 


racers are highly habitat specific and will be developed in consultation with MDIFW staff. 


 


b. Eastern Ribbon Snake (State Special Concern Species). Southern, Central Maine. 


The eastern ribbon snake (Thamnophis sauritus) is designated as a Species of Special Concern in Maine.  


This slender, semiaquatic snake generally favors acidic wetlands with shallow hydrology, sandy outwash 


soils, and grassy emergent vegetation intermixed with, or surrounded by, scrub-shrub vegetation.  They 


can be observed near the edges of emergent marshes, wet meadows, vernal pools, scrub-shrub 


wetlands, beaver impoundments, bogs, river and stream floodplains, and vegetated shorelines of ponds 


and lakes.  We recommend 250-foot buffers of undisturbed, natural vegetation surrounding wetlands 


hosting ribbon snakes.    


 


If either of these rare snake species is documented in the project vicinity, we recommend that viable 


habitat areas be avoided and adequately buffered.  We recommend that you contact MDIFW’s Reptile, 


Amphibian, and Invertebrate Biologist, Derek Yorks (derek.yorks@maine.gov, 207-941-4475), for further 


guidance and for any site-specific data for your project area.   


 


5. Rare Turtles and Habitat  


Maine has several turtle species that are designated as State Endangered, Threatened, and Special 


Concern species, noted below.  For project sites that are known to contain one or more of these species, 


or that are in the vicinity of known occurrences and have suitable habitat on site, MDIFW recommends 


that a detailed assessment of potential habitat and surveys for the species be conducted.   


 


a. Blanding’s Turtle (State Endangered Species). Southern Maine. 


The Blanding’s turtle (Emydoidea blandingii) is listed as a State Endangered species and is afforded 


protection under MESA.  In Maine, Blanding’s turtles are found most frequently in southern Maine in 


forested settings with vernal pools, acidic wetlands, and larger marsh complexes.  They also use small 
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streams, shrub swamps, wet meadows, bogs, and forested swamps.  If the species is documented in the 


vicinity, and high-quality examples of these habitats are present in the project area, MDIFW may 


recommend that a detailed assessment of potential habitat be conducted for all wetlands on and in 


close proximity to the project parcel.  In most cases, MDIFW recommends that wetlands with 


documented use by Blanding’s turtles, or with a high potential to host the species, be left undisturbed 


and buffered by at least 250 feet of natural vegetation. We also recommend that natural landscape 


connectivity be conserved between occupied or high potential use wetlands since this species has large 


home ranges and is known to use multiple wetlands within a single activity season.  Development 


activity that compromises riparian integrity or migration permeability among seasonally critical wetlands 


can lead to degradation of habitat quality and potential loss of local populations.  Additionally, 


development projects that lead to significant increases in local traffic volume can lead to increased road 


kill and possible extirpation of the local population. 


 


b. Spotted Turtle (State Threatened Species). Southern and Coastal Maine. 


The spotted turtle (Clemmys guttata) is listed as a State Threatened species and is afforded protection 


under MESA.  Spotted turtles are most frequently found in southern and coastal Maine in forested 


settings with complexes of small acidic wetlands and vernal pools.  They also use small streams, shrub 


swamps, wet meadows, bogs, and forested swamps.  If the species is documented in the vicinity, and 


high-quality habitats are present in the project area, MDIFW may recommend that a detailed 


assessment of potential habitat be conducted for all wetlands on and in close proximity to the project 


parcel.  In most cases, MDIFW recommends that wetlands with documented use by spotted turtles, or 


with a high potential to host the species, be left undisturbed and buffered by at least 250 feet of natural 


vegetation. We also recommend that natural landscape connectivity be conserved between occupied or 


high potential use wetlands since this species is known to use multiple wetlands within a single activity 


season.  Development activity that compromises riparian integrity or migration permeability among 


seasonally critical wetlands can lead to degradation of habitat quality and potential loss of local 


populations.  Additionally, development projects that lead to significant increases in local traffic volume 


can lead to increased road kill and possible extirpation of the local population. 


 


c. Wood Turtle (State Special Concern Species). Statewide. 


The wood turtle (Glyptemys insculpta) is designated as a Species of Special Concern in Maine.  Wood 


turtles use both aquatic and terrestrial habitats throughout the year, centered around a stream or river, 


including riparian meadows, shrub thickets, farmland, deciduous and mixed forests, forested wetlands, 


and floodplain vernal pools.  Generally, this species appears to prefer edge-associated terrestrial 


habitats, as riparian areas, forest gaps and edges often have dense shrubbery or ground cover for 


protection, food, and open areas for basking.  If the species is documented in the vicinity, and high-


quality examples of these habitats are present in the project area, MDIFW may recommend that a 


detailed assessment of potential habitat for wood turtles be conducted on and in close proximity to the 


project parcel.  In most cases, MDIFW recommends that streams with documented use by wood turtles 


be left undisturbed and buffered by at least 300 feet of natural vegetation.  In cases where forest 


clearing or forest management is anticipated as part of the project proposal, please refer to Forest 


Management Recommendations for the Wood Turtle (Glyptemys insculpta). 


 


We recommend that you contact MDIFW’s Reptile, Amphibian, and Invertebrate Biologist, Derek Yorks 


(derek.yorks@maine.gov, 207-941-4475), for further guidance and for any site-specific data and survey 


protocols for your project area. 
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6. Rare Mussels and Habitat 


Maine has three species of freshwater mussels that are designated as State Threatened species, noted 


below.  For project sites that intersect with, or are adjacent to, waterbodies with documented 


occurrences of one or more of these species, MDIFW may recommend that surveys be conducted.  


These rare animals have experienced declines throughout their ranges, with some populations 


vulnerable to local extirpation from low population densities, fragmented distributions, and limited 


evidence of recruitment.  Development projects adjacent to waterbodies containing Threatened mussels 


can result in detrimental impacts to the species. 


 


a. Brook Floater (State Threatened Species). Midcoast to Central, Interior, Eastern Maine. 


The brook floater (Alasmidonta varicosa) is listed as a State Threatened species and is afforded 


protection under MESA.  In Maine, the brook floater is largely concentrated in rivers and streams within 


the Penobscot River drainage.  It is also found in several Downeast river systems, as well as a few 


scattered locations in the Kennebec, St. George and Sheepscot River watersheds.  An isolated population 


in the Pleasant River (Cumberland Co.) is the only known occurrence remaining in southern Maine.  The 


brook floater requires clean, free-flowing rivers and streams with gravel/cobble substrates and intact 


riparian buffers.  It does not live in high-gradient streams with very fast current, nor is it usually found in 


very slow water. 


 


b. Yellow Lampmussel (State Threatened Species). Midcoast to Central, Interior Maine. 


The yellow lampmussel (Lampsilis cariosa) is listed as a State Threatened species and is afforded 


protection under MESA.  The yellow lampmussel is currently found only in the Penobscot, St. George, 


and lower Kennebec River watersheds.  This species typically prefers medium to large rivers, but in 


Maine is also found in lakes and ponds, including impounded sections of rivers.  It occurs in a variety of 


bottom substrates, including silt, sand, gravel, and cobble. 


 


c. Tidewater Mucket (State Threatened Species). Midcoast to Central, Interior Maine. 


The tidewater mucket (Leptodea ochracea) is listed as a State Threatened species and is afforded 


protection under MESA.  The tidewater mucket is currently found only in the Penobscot, St. George, and 


lower Kennebec River watersheds.  Its distribution is similar to that of the yellow lampmussel and they 


are often found together.  Despite its name, the tidewater mucket can be found quite far inland (as far 


north as Millinocket Lake in the Mt. Katahdin region).  This species prefers lakes, ponds, and slow-


moving portions of rivers, and is often found in impoundments.  It occurs in a variety of bottom 


substrates, including silt, sand, gravel, cobble, and occasionally clay. 


 


Freshwater mussels are especially vulnerable to impacts from pollution, sedimentation, dams, and 


surrounding land use practices that degrade or alter aquatic habitat.  MDIFW recommends that 


contiguous forested riparian buffers remain intact for a distance of at least 250-feet from each bank for 


waterbodies where one or more state-listed mussel species have been documented.  If development or 


forest clearing is being considered in the vicinity of a known or potential occurrence of a state-listed 


freshwater mussel species, please contact MDIFW’s Reptile, Amphibian, and Invertebrate Biologist, Beth 


Swartz (beth.swartz@maine.gov, 207- 941-4476), for further guidance. 


 


7. Rare Mayflies and Habitat. 


Maine has several species of rare mayfly that are designated as State Threatened and Special Concern 


species, the two rarest of which are noted below.  For project sites that intersect with, or are adjacent 


to, waterbodies with documented occurrences of one of these species, or that have high quality suitable 


habitat on site, MDIFW may recommend that a detailed assessment of potential habitat and surveys for 


the species be conducted. 
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a. Roaring Brook Mayfly (State Threatened Species). Central and Western Maine. 


The Roaring Brook mayfly (Epeorus frisoni) is listed as a State Threatened species and is afforded 


protection under MESA.  Roaring Brook mayflies are restricted to clean, cold, high elevation headwater 


streams with coarse substrates (rocks, cobble, boulders) above 1,000 feet elevation (including 


unmapped streams) and bordered by relatively undisturbed mixed or hardwood forest.  The currently 


documented range for the species is confined to the northern Appalachian Mountain Range, stretching 


from Mt. Katahdin to Maine’s western border with New Hampshire and Quebec.  Any instream work 


within or adjacent to suitable, high elevation perennial or intermittent streams in this area has the 


potential to impact this species.  MDIFW recommends that contiguous forested riparian buffers remain 


intact for a distance of at least 250-feet from each bank for streams where this species has been 


documented to occur.  Please also refer to Recommended Management Guidelines for Land Use in or 


Adjacent to Roaring Brook Mayfly and Northern Spring Salamander Habitat. 


 


b. Tomah Mayfly (State Threatened Species). Statewide. 


The Tomah mayfly (Siphlonisca aerodromia) is listed as a State Threatened species and is afforded 


protection under MESA.  The Tomah mayfly is one of the rarest mayflies in the world, and all but one of 


its currently known populations are found in Maine.  Their distribution is potentially statewide, but they 


occur in only widely scattered locations.  The Tomah mayfly is only found in rivers and streams bordered 


by seasonally flooded sedge meadows.  Because most of the Tomah mayfly’s life is spent in the aquatic 


stage, this mayfly is affected by alteration of river and stream ecosystems, including water quality 


degradation, water flow and level fluctuations, and other indirect impacts.  MDIFW recommends that 


contiguous forested riparian buffers remain intact for a distance of at least 250-feet from each bank for 


rivers and streams where this species has been documented to occur. 


 


If development is being considered in the vicinity of a known or potential occurrence of either rare 


mayfly species, please contact MDIFW’s Reptile, Amphibian, and Invertebrate Biologist, Beth Swartz 


(beth.swartz@maine.gov, 207-941-4476), for further guidance, including the potential need for 


additional surveys and associated protocols.  Surveys for potentially suitable Roaring Brook and Tomah 


mayfly habitat should be conducted in streams within 250 feet of areas where project-related forest 


clearing or stream impacts are planned (e.g., project infrastructure, roads, transmission lines, bridges, 


culverts, or other clearings), during the appropriate timing window (September for Roaring Brook 


mayfly, May-early June for Tomah mayfly).  As an alternative to surveys, a developer may choose to 


consider streams that meet the location and habitat preferences described above as occupied by 


Roaring Brook or Tomah mayfly, not formally survey them, and design the proposed project accordingly, 


incorporating the recommended 250-foot riparian management zone.     


 


8. Rare Dragonflies and Habitat. 


Maine has several rare dragonflies that are designated as State Endangered, State Threatened, and 


Special Concern species, the two rarest of which are noted below.  For project sites that intersect with, 


or are adjacent to, waterbodies with documented occurrences of one of these species, or that have high 


quality suitable habitat on site, MDIFW may recommend that a detailed assessment of potential habitat 


and surveys for the species be conducted. 


 


a.  Ringed Boghaunter (State Threatened Species). Southern, Southwestern Maine. 


The ringed boghaunter dragonfly (Williamsonia lintneri) is listed as a State Threatened species and is 


afforded protection under MESA.  The ringed boghaunter is one of the rarest dragonflies in North 


America.  This dragonfly is at the northern extent of its range in southwestern Maine, where it has been 


confirmed at only ten sites in York and southern Oxford Counties.  It is found in fens, bogs, and small 


acidic wetlands dominated by Sphagnum, and is sometimes associated with forests of Atlantic white 


cedar.  If these habitats are documented on the project site, within the geographic range of the species, 
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MDIFW may recommend that specialized surveys be conducted.  In most cases, MDIFW recommends 


that wetlands with confirmed or probable use by ringed boghaunter be left undisturbed and buffered by 


at least 250 feet of natural vegetation. 


 


b. Boreal Snaketail (State Threatened Species). Statewide 


The boreal snaketail dragonfly (Ophiogomphus colubrinus) is listed as a State Threatened species and is 


afforded protection under MESA.  This species is among the rarest dragonflies in Maine with only three 


confirmed populations scattered statewide, on the St. John River, Penobscot River, and Saco River. 


Preferred habitat for the boreal snaketail is clean, free-flowing, forested rivers and large streams 


underlain with rock, gravel, or sand.  If this habitat is documented on the project site, MDIFW may 


recommend that specialized surveys be conducted.  In most cases, MDIFW recommends that rivers with 


confirmed or potential use by boreal snaketail be left undisturbed and buffered by at least 250 feet of 


natural vegetation. 


 


There are nearly a dozen species of rare dragonflies in Maine, yet most are unlikely to intersect with 


most solar development projects.  These are two of the state’s rarest dragonflies due to low population 


numbers and sensitivity to aquatic and riparian habitat degradation.  We recommend that you contact 


MDIFW’s Reptile, Amphibian, and Invertebrate Group Leader, Phillip deMaynadier 


(phillip.demaynadier@maine.gov, 207-941-4239), should any work be planned in proximity of known or 


expected occurrences of any Rare, Threatened, or Endangered dragonflies. 


 


9. Rare Butterflies and Moths and Habitats 


Maine has several rare butterflies and moths that are designated as State Endangered, State 


Threatened, and Special Concern species, some of which are noted below.  For project sites that are 


known to contain these species, or that have high-quality suitable habitat on site, MDIFW recommends 


that a detailed assessment of potential habitat and surveys for the species be conducted. 


 


a. Edwards’ Hairstreak (State Endangered Species) and Sleepy Duskywing (State Threatened Species). 


Southern, Southwestern Maine. 


The Edwards’ Hairstreak (Satyrium edwardsii) and Sleepy Duskywing (Erynnis brizo) are listed as State 


Endangered and State Threatened species respectively, and are afforded protection under MESA.  Both 


species are restricted to specialized barren habitats in York and southern Oxford Counties.  They inhabit 


dry oak shrublands in oak-pine woodlands, and semi-open barrens.  These sites typically have dry, poor 


soil and low plant diversity.  Maine sites are usually in pitch pine-scrub-oak barrens, a rare and declining 


forest type that often provides habitat for a unique assemblage of rare insects and other biota.  Both 


species are only found where their host plant, scrub oak (Quercus ilicifolia), grows in abundance.  If 


these habitats are documented on the project site, within the geographic range of these species, MDIFW 


may recommend that specialized surveys be conducted.   


 


b. Twilight Moth (State Threatened Species) and Pine Barrens Zanclognatha (State Threatened Species). 


Southern, Southwestern Maine. 


The twilight moth (Lycia rachelae) and pine barrens zanclognatha (Zanclognatha martha) are listed as 


State Threatened moth species and are afforded protection under MESA.  In Maine, both species are 


known only from pitch pine-scrub oak barrens, a rare and declining forest habitat found on just seven 


sites in York and southern Oxford Counties.  If these habitats are documented on the project site, within 


the geographic range of these species, MDIFW may recommend that specialized surveys be conducted.   
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c. Clayton’s Copper Butterfly (State Threatened Species) Eastern and Northern Maine. 


The Clayton’s copper butterfly (Lycaena dorcas claytoni) is listed as a State Threatened species and is 


afforded protection under MESA.  This butterfly is currently known from only ten sites in Maine, 


including four in a ten square mile area of eastern Penobscot County in the vicinity of Lee and 


Springfield, and three sites in northern Piscataquis and eastern Aroostook Counties.  Clayton’s copper is 


found only in association with its larval host plant, the shrubby cinquefoil (Dasiphora fruticosa).  This 


uncommon shrub requires limestone soils and has a scattered distribution throughout Maine, however, 


there are relatively few stands large enough to support viable Clayton’s copper populations.  Shrubby 


cinquefoil is intolerant of shade and can only thrive in open areas.  It typically occurs along the edge of 


calcareous (limestone) wetlands.  It can also be found in old fields, but these stands are typically short-


lived because of forest succession.  All of the currently known occurrences for Clayton’s copper are in 


enriched fens and bogs, and streamside shrublands or meadows.  Please contact MDIFW’s Reptile, 


Amphibian, and Invertebrate Biologist, Beth Swartz (beth.swartz@maine.gov, 207- 941-4476), for 


further guidance. 


 


d. Spicebush Swallowtail (State Special Concern Species). Southern Maine. 


The spicebush swallowtail butterfly (Papilio troilus) is designated as a Species of Special Concern in 


Maine.  This rare swallowtail is found in rich hardwood and mixed wood forests with slow streams or 


seepages that contain its host plants, northern spicebush (Lyndera benzoin) or sassafras (Sassafras 


albidum).  Evidence of breeding has been documented only in York County.  Any impacts on populations 


of spicebush or sassafras could also have potential impacts to this rare butterfly species.    


 


e. Dusted Skipper (State Special Concern Species) and Cobweb Skipper (State Special Concern Species). 


Southern, Southwestern Maine. 


The dusted skipper (Atryonopsis hianna) and cobweb skipper (Hesperia metea) are both designated as 


Species of Special Concern in Maine.  These two butterflies are restricted to specialized barren habitats 


in York and southern Oxford Counties.  They inhabit shrubby barrens, grasslands, rights-of-way, and 


open oak-pine woodlands with dry, often sandy soils.  Both species are only found where their host 


plant, little bluestem (Schizachyrium scoparium), grows in abundance.  If these habitats are documented 


on the project site, within the geographic range of these species, MDIFW may recommend that 


specialized surveys be conducted.   


 


Guidelines for buffers and site protection measures for each of these species are highly habitat specific 


and should be developed in consultation with MDIFW staff.  MDIFW encourages collaboration with our 


Department to avoid, minimize, and mitigate impacts to these rare species.  Please contact MDIFW’s 


Reptile, Amphibian, and Invertebrate Group Leader, Phillip deMaynadier 


(phillip.demaynadier@maine.gov, 207-941-4239), should any work be planned in the vicinity of a known 


occurrence of any of these species, for any further site-specific data, and for recommendations for 


habitat and species protection.   


 


10. Rare Amphibians and Habitat. 


a. Northern Spring Salamander (State Special Concern Species). Western, Central, Southern Maine. 


The northern spring salamander (Gyrinophilus p. porphyriticus) is designated as a Species of Special 


Concern in Maine.  This rare salamander utilizes clear, cold, mountain streams underlain by coarse 


substrates (rock, cobble, gravel) and bordered by hardwood or mixed wood forests.  Most spring 


salamanders in Maine occur at elevations at or above 500 feet, in moderate to fast gradient, first or 


second order streams, some of which are not indicated on topographic maps.  Spring salamanders can 


also occur in larger third-order streams and rivers if the habitat is consistent with that described above.  


This species’ documented range in Maine is primarily in the western mountains, north and east into the 


mountains of central Penobscot County, with scattered records in York and Cumberland Counties.  Any 
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instream work in perennial or intermittent streams or work adjacent to high elevation headwater 


streams in this area has the potential to impact this species.  MDIFW generally recommends a 250-foot 


undisturbed riparian buffer from each bank of any streams containing this species. 


 


Surveys for potentially suitable spring salamander habitat should be conducted within 250 feet of areas 


where project-related forest clearing is planned (i.e., roads, culverts, project infrastructure, transmission 


lines, or other clearings), during the appropriate timing window (mid-May to mid-September).  Please 


contact MDIFW’s Reptile, Amphibian, and Invertebrate Biologist, Derek Yorks (derek.yorks@maine.gov, 


207-941-4475), for survey protocols and guidance should any work in streams or within 250 feet of 


streams be anticipated in the project area.  Alternatively, a developer may choose to consider streams 


that meet the location and habitat characteristics described above as providing spring salamander 


habitat, not formally survey them, and design the project accordingly, incorporating the recommended 


250-foot riparian buffer zone. 


 


We recommend consulting with MDIFW staff prior to implementing any activities in or adjacent to any 


mapped and unmapped perennial or intermittent streams.  Please also refer to Recommended 


Management Guidelines for Land Use in or Adjacent to Roaring Brook Mayfly and Northern Spring 


Salamander Habitat. 


 


11. Additional Surveys and Rare Animal Forms:  In addition to those noted above, surveys may be 


recommended for other Endangered, Threatened, and Special Concern species based on the project 


location and site-specific conditions.  Any additional surveys anticipated will be identified by MDIFW as 


early as possible during project-specific consultations.   


 


In most regions of the State, formal surveys for Rare, Threatened, and Endangered species have not 


been conducted, so it is possible that other such species may be resident or transient in the project area 


based on location, habitats present, and life history requirements, including one or more rare species of 


migratory birds during spring and fall migrations.  MDIFW requests that the applicant/consultants 


voluntarily document any Rare, Threatened, or Endangered Species encountered during project surveys 


by completing and submitting a Rare Animal Form for each observation.  For forms, please contact 


IFWEnvironmentalreview@maine.gov. 


 


INCIDENTAL TAKE PLANS 


 


As stated above, pursuant to the Maine Endangered Species Act (MESA; 12 M.R.S, §12801 et. seq.) 


Endangered and Threatened species in Maine are afforded protection against activities that may cause 


“take” (kill or cause death), “harassment” (create injury or significantly disrupt normal behavior 


patterns), and other adverse actions.   


 


Under MESA, MDIFW has the authority to approve project-specific Incidental Take Plans (ITPs) when 


such plans minimize the incidental “taking” of Endangered or Threatened species and demonstrate that 


the “taking” will not impair the recovery of the species. For projects that incorporate appropriate siting, 


design, and operational practices to ensure avoidance/minimization of mortality for the listed species, 


this provides legal protection against liability for incidental take, benefitting applicants seeking permits 


to build and operate energy projects into the future.  Developers have the option to prepare ITPs in 


advance of the normal review conducted by permitting agencies.  However, it should be noted that ITPs 


are developed and approved for specific Endangered or Threatened species; other impacts must be 


addressed independently.  For more information on ITPs, please contact MDIFW’s Endangered and 


Threatened Species Coordinator (207-941-4468). 
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MITIGATION OF IMPACTS 


 


MDIFW recommends that all proposed projects avoid or minimize adverse impacts to sensitive species 


and habitat resources to the greatest extent practicable through project site selection, facility 


design/layout, operational practices, and other available methods.  When this has been accomplished, 


methods to compensate for remaining, reasonable impacts may be explored.  These steps may include 


such measures as modification of project design, consolidation of infrastructure to smaller concentrated 


areas, preservation of unique host plant species, development of habitat-specific buffers in consultation 


with MDIFW, permanent habitat protection, enhancement, and management, and other methods, 


subject to review and recommendation by MDIFW biologists.  


 


 


 


Information in this document was obtained from MDIFW biologists and agency informational materials.   


For more information, including additional agency contacts and copies of referenced documents, 


please contact IFWEnvironmentalreview@maine.gov. 


 


MDIFW’s Environmental Program staff: 


Bob Stratton, Environmental Program Manager. 


John Perry, Environmental Review Coordinator. 


Becca Settele, Environmental Review. 
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Maine Department of Inland Fisheries and Wildlife 
 


Maine Wind Power Preconstruction Recommendations  


and 


Turbine Curtailment Recommendations to Avoid/Minimize Bat Mortality 
 


Updated March 5, 2018 


 


PURPOSE AND SCOPE 
 


The Maine Department of Inland Fisheries and Wildlife (MDIFW) has developed this 


document to assist wind energy project applicants in identifying sensitive wildlife and 


fisheries species and habitats, and incorporating measures to eliminate or reduce the 


potential for adverse impacts to them, as early as possible in project design and development 


processes.  A dual benefit is provided in that, by being aware of and avoiding adverse impacts 


to resources, the applicant experiences a more streamlined, efficient, and predictable review 


process.  MDIFW wishes to provide guidance that will help identify ways to avoid or minimize 


project impacts through site-specific considerations; to help inform siting parameters for 


turbine strings, transmission lines, access roads, etc.; to help determine resource-friendly 


facility operational practices; to help identify other measures to protect species and habitats 


of concern; and, when these measures have been conducted to the extent practicable, to allow 


for mitigation of remaining reasonable project impacts. 
 


As a preliminary step, applicants are encouraged to contact MDIFW’s Environmental Review 


Coordinator, John Perry (john.perry@maine.gov; 207-287-5254) for records of known 


occurrences of species or habitats of concern on potential project sites.  This will help 


determine the extent of additional information that needs to be collected.  MDIFW envisions a 


hierarchy in which project sites will fall into one of four categories: 1) sites with available 


wildlife and fisheries resource data and with minimal anticipated issues of concern, where 


pre-siting evaluations could be completed in less than one year; 2) sites with little existing 


information but no initial indicators of high potential wildlife or fisheries resource impacts, 


where pre-permitting surveys may last one or more years; 3) sites with high or uncertain 


potential for wildlife or fisheries resource impacts, where surveys of multiple years may be 


needed; and 4) project sites with significant anticipated impacts to wildlife or fisheries 


resources where surveys of multiple years may also be needed.  The extent and significance of 


anticipated impacts to wildlife and fisheries resources will directly determine MDIFW’s 


recommendations. 
 


This document provides information on identifying important wildlife and fisheries resources 


to facilitate development of project-specific measures to avoid or minimize significant adverse 


impacts where possible. Information on siting considerations, general preconstruction study 


recommendations, and descriptions of important mammalian, avian, and aquatic resources 


are provided.  The need for such surveys is not static over time.  Updates of this document 


may change guidance on certain topics depending on cumulative information, changes in 


species status, etc.  Also provided are MDIFW’s general minimum turbine curtailment 


recommendations and information on Incidental Take Permits for State Endangered and 


Threatened species. 
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BACKGROUND 
 


MDIFW envisions the following relationship between pre-construction studies, facility design 


and operational practices, and post-construction monitoring for wind power 


projects.  Valuable knowledge has been gained in recent years from review of historical 


species and habitat information, recent patterns and trends, and the results of studies at 


project sites in Maine and elsewhere.  This has allowed us to refine study recommendations in 


many areas and focus efforts in areas where information is not as well known or is known to 


be of concern. 
 


Pre-construction studies and preliminary resource reviews are designed and conducted to 


identify habitats and species of concern for use in facility siting and design, as well as 


development of facility operational measures to avoid/minimize impacts to resources of 


concern.   
 


Facility design and operational practices, such as areas of development, stream crossing 


designs, physical layout, turbine placement, minimum curtailment procedures, etc., are 


developed and implemented from pre-construction studies, as well as from MDIFW’s 


recommendations based on site specific, statewide, and regional concerns.   
 


Post-construction monitoring is designed to verify recommendations and assumptions, 


detect mortality and risks, address data gaps, provide for long-term monitoring of issues of 


concern, and inform an iterative process in which operational practices are reviewed and 


modified if necessary (MDIFW guidelines to be revised). 


 


SITING CONSIDERATIONS 
 


MDIFW recommends that applicants factor in known resource data and the information in 


this document when considering siting of a proposed wind energy facility.  Locating in or in 


proximity to certain habitats can be anticipated to result in adverse impacts to those habitats 


and/or the species that utilize them, and MDIFW will likely recommend increased design 


considerations, operational measures, monitoring practices, and mitigation efforts in attempt 


to avoid or minimize such impacts.  For example, applicants should consider the presence of 


bat hibernacula, talus slopes, etc., where greater seasonal activity of these imperiled species 


must be accounted for.  Also, significant bird migration routes through Maine’s coastal plain 


and major river corridors are factors of concern.  And, the presence of habitat-dependent 


species, such as northern bog lemmings, upland sandpipers, whimbrels, Bicknell thrush, great 


blue heron, and other Rare, Threatened, or Endangered species, as well as unique habitats 


such as Significant Wildlife Habitats (designated under the Natural Resources Protection Act, 


38 M.R.S., §480-A et. seq.), Essential Habitats (designated under the Maine Endangered 


Species Act or MESA, 12 M.R.S., §12801 et. seq.), wetlands, high elevation streams, etc. must be 


considered.  Greater details on these resources are provided within and through consultation 


with MDIFW. 
 


As noted in the New York Department of Environmental Conservation’s Guidelines for 


Conducting Bird and Bat Studies at Commercial Wind Energy Projects (June 2016), “One of the 
most effective means of reducing direct and indirect impacts to birds and bats is to site turbines 
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in a location that will avoid disturbance to migrating, breeding, wintering, roosting, and feeding 
birds and bats.  In addition to direct and indirect mortality caused by turbines, other negative 
effects from factors such as habitat loss or fragmentation, introduction or spread of invasive 
species, avoidance of otherwise potentially suitable habitat, increased human activity and 
development, and increased predator and parasite presence can result from the construction and 
operation of a wind energy project and should also be considered.”  MDIFW hopes to assist 


applicants in avoiding such adverse impacts.   


 


PRECONSTRUCTION STUDY RECOMMENDATIONS 
 


The following recommendations are intended to convey the type and extent of information 


typically necessary for MDIFW to make determinations on potential project-specific impacts 


on fisheries and wildlife resources.  The results of these studies are intended to inform 


discussions on possible means to avoid or minimize adverse impacts to species and habitats of 


concern to the extent practicable.  Each proposed project will be reviewed individually and 


site-specific recommendations provided.  Applicants are strongly encouraged to meet with 


MDIFW staff to discuss site-specific issues, concerns, and monitoring needs as early as 


possible in their project development processes, to help inform project designs, schedules, etc. 


in as timely a manner as possible.  MDIFW’s Environmental Review program operates under 


an adaptive management framework, where recommendations are evaluated and revised 


based on the best available science as well as lessons learned from other projects. 


 


Please note that additional study recommendations, species concerns, details of 


recommended studies (i.e. seasonality, timing and duration of studies, elevation guidelines), 


etc. may vary and need to be addressed depending on the location of the project site.  


Therefore, please contact MDIFW to verify that you are working with the most recent and site-


specific recommendations. Failure to collect appropriate and accurate data, or collecting data 


that are not consistent with current MDIFW methodologies, can limit and/or delay MDIFW’s 


assessment of the project.  All project review requests should be sent to MDIFW’s 


Environmental Review Coordinator, John Perry (john.perry@maine.gov; 207-287-5254).  


Additional contacts are listed below for specific subject areas, but the Environmental Review 


Coordinator should be included on all correspondences. 


 


Project monitoring reports, including data from studies described below, need to be 


submitted to MDIFW by December 31 of that year to provide for adequate review of 


information and enable MDIFW to provide appropriate feedback and recommendations for 


subsequent study seasons. 


 


Mammalian Resources 


Acoustic Bat monitoring:  Historical evidence indicates that, prior to the spread of white 


nose syndrome beginning in approximately 2010, Maine enjoyed statewide distributions of 


little brown bats (Myotis lucifugus) and northern long-eared bats (M. septentrionalis), as well 


as frequent occurrences and sizable distributions of the six other bat species that are 


indigenous to Maine.  Both of these Myotis bats are listed as Endangered and the eastern 


small-footed bat (M. leibii) is listed as Threatened, pursuant to MESA.  All five of Maine’s other 


bats are considered Species of Special Concern.  Special Concern species are defined by 
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MDIFW as species that do not meet the criteria as Endangered or Threatened, but are 


particularly vulnerable and could easily become Endangered, Threatened, or Extirpated due 


to restricted distribution, low or declining numbers, specialized habitat needs or limits, or 


other factors.  Today bats are still detected statewide, though in low numbers, as validated by 


wind energy project monitoring studies and work by MDIFW and others.  Based on this 


established presence, instead of ongoing widespread acoustic bat monitoring to confirm 


presence and distribution, which has been the practice in recent years, MDIFW recommends 


siting away from key habitats where bats aggregate and seasonal operational curtailment 


measures that will be protective and provide the best opportunity for reestablishment of 


Maine’s imperiled bats (see curtailment recommendations later in this document).  MDIFW 


will typically only recommend acoustic bat monitoring in those areas where necessary to 


determine whether talus slopes, rocky outcrops, or similar features are in use as hibernacula 


or maternity roost sites by Myotis bats. 


 


If the site contains > ½-acre talus fields or rocky outcrops, or cliffs visible from remote 


imagery, MDIFW recommends at least 2 years of acoustic monitoring during the periods 


when cave-dwelling bats swarm during arrival at winter hibernacula (mid-November through 


December) and/or emerge the following spring (especially March).  If any sites containing 


talus fields, rocky outcrops, or cliffs as specified above are identified, a minimum of one 


detector should be placed at each feature and acoustic monitoring should be conducted for a 


three-week period during one of the time frames listed above.  Due to the lower activity of 


bats during these time periods, this data needs to be analyzed in a manner different from 


conventional activity monitoring data.  This data should be scrubbed at the most liberal 


setting (allowing poorer quality calls) and files identified as potential bat calls by the 


scrubbing process should be manually vetted and identified to species when possible or at a 


minimum species guild (i.e. Myotis, EPFU/LANO).  Due to discrepancies of what may 


constitute a talus field, rocky outcrop, or cliff, applicants are strongly encouraged to contact 


the MDIFW Small Mammal Biologist (contact information listed below) to discuss if any 


potentially valuable features exist in the project area. 


 


MDIFW recommends that the latest, state of the art acoustic detectors be utilized to enable 


monitoring of the largest range possible. It is essential that all raw acoustic monitoring data 


be provided to MDIFW.  Please contact the MDIFW Small Mammal Biologist (207-941-4473) 


to discuss the details of your monitoring plan. 


 


Northern Bog Lemming:  Northern bog lemmings (NBL) are a State Threatened Species, 


whose preferred habitats have the potential to intersect with, and be impacted by, certain 


wind energy development proposals.  The habitats of interest for NBLs are alpine sedge 


meadows, krummholz, spruce-fir forest with dense herbaceous and mossy understories, wet 


meadows, and mossy stream-sides, that are > 1,000 feet MSL (above Mean Sea Level) in 


western mountain and northern areas of Maine.  Northern bog lemmings are presumed to be 


present in these habitats and, to protect this species, MDIFW recommends that these areas be 


avoided.  Alternatively, if an applicant wishes to verify presence, MDIFW recommends as part 


of project wetland delineation work that the applicant note any potential habitats that meet 


these criteria, and that they perform surveys to document presence/probable absence.  


Surveys can be conducted in one of two ways. 
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1) Transects can be walked through NBL habitat and document any presence of run-ways, 


latrines, and green scat; or   
 


2)  If a more definitive method of NBL identification is desired on the part of the applicant, 


scats can be collected and genetically analyzed to identify if they are NBL, or other species 


of rodents.  For a full description of the methods to conduct this level of genetic work please 


contact the MDIFW Small Mammal Biologist (207-941-4473).  If evidence of lemmings is 


present either in the form of green scats, latrines, runways, and/or genetic confirmation, 


MDIFW will consider the area as occupied and recommendations will be to avoid these 


wetlands. 


 


Canada lynx:  Canada lynx are listed as a Species of Special Concern in Maine.  If an applicant 


wishes to determine if lynx are currently present, MDIFW recommends conducting two or 


more snow track surveys on the project area each winter following MDIFW guidelines.  For 


further guidance, please contact MDIFW Black Bear and Canada Lynx Biologist, Jennifer 


Vashon (jennifer.vashon@maine.gov; 207-941-4238). 


 


Avian Resources 


Nocturnal radar:  Nocturnal radar has historically been used to assess potential risk to 


migratory birds (songbirds, waterfowl, shorebirds) and bats by providing data on their 


relative numbers and flight patterns in areas of proposed wind turbines.  With the detrimental 


effects of white nose syndrome on bat populations in recent years, radar data has become 


much more indicative of bird activity.  The best available science on bird migration patterns 


across Maine, data from recent radar studies, information on predominant weather conditions 


that cause lower migration flight heights, and knowledge of migratory stopovers / staging 


areas used by bird guilds have helped determine regions of greater risk.  These factors and 


post-construction project fatality monitoring data have demonstrated that Maine’s coastal 


plain is principal among them, and thus an area of significant concern to the Department.   


 


MDIFW believes that sufficient data has been collected through radar and fatality studies for 


proposed and active facilities in Maine’s coastal plain to indicate significant use patterns and 


adverse risks for migrating birds in this region.  As the factors above have been well 


demonstrated, the Department does not require additional radar data in the coastal plain as 


revalidation at this time.  In the Department’s view, based on seasonal and daily migratory 


patterns (numbers of migrants, flight heights, behaviors), predominant weather conditions, 


and the results of area studies (Downeast Wind, Weaver Wind, Bull Hill Wind), the “coastal 


plain” area of concern generally corresponds with the U.S. Environmental Protection Agency 


Ecoregions labeled as “Gulf of Maine Coastal Plain (59h)”, Gulf of Maine Coastal Lowland 


(59f)”, “Midcoast (82f)”, “Downeast Coast (82g)”, and a transitional area in the southern 


region of “Eastern Maine-Southern New Brunswick Plains (82c)”, roughly represented as 


below Route 9 in eastern Maine (see accompanying map also found at: 


https://www.epa.gov/eco-research/level-iii-and-iv-ecoregions-epa-region).  For further 


information on the basis of these concerns and references, see MDIFW’s Avian Resources in 


Maine’s Coastal Plain (March 2018). 
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The Department recommends, however, that nocturnal radar studies continue to be 


conducted for wind energy projects proposed along Maine’s major river corridors based on 


the habits of migrating birds for following topographic features and limited data in such areas.  


For projects proposed within one mile of one of Maine’s major rivers including, but not 


limited to, the Androscoggin, Kennebec, Penobscot, Allagash, Aroostook, and St. Croix Rivers, 


MDIFW recommends at least 2 years including at least 4 seasons (2 spring: April 15-June 1 


and 2 fall: August 15-November 30) of 20 well distributed nights per season of data collection 


per project, if the data indicates consistent patterns of migration, passage rates, and flight 


heights.  Migration patterns may be expected to vary to some degree due to changes in 


climate, weather, etc.  If, after consideration of factors that naturally cause variability, the data 


are not consistent, an additional year (1 spring, 1 fall) will likely be recommended. 


 


Note that additional nights or seasons of monitoring may be recommended depending on site 


specific conditions, the project location, species present, etc.  Also, large projects may need 


multiple radar monitoring locations to ensure adequate coverage of geographically larger 


project sites.  To ensure that applicants sample nights with representative migration activity, 


we recommend comparisons to other studies or to Nexrad data.  MDIFW also recommends the 


use of X-Band radar systems to ensure consistency and comparability between study results, 


preferably with dual arm radar technology.  If radar units are placed at sites with more than 


15% ground clutter, site selection should be pre-approved by MDIFW staff often following a 


site visit.  For verification purposes, it is essential that an image of the radar screen during a 


high migration event and a series of photos showing surrounding landscape/ground clutter be 


submitted with any report.  For further guidance on radar methodologies, settings, and 


marine applications, please contact MDIFW Avian Biologist, Adrienne Leppold 


(adrienne.j.leppold@maine.gov; 207-941-4482). 


 


Bird migration patterns in other regions of the state typically indicate higher flight heights 


and/or lower passage rates, suggesting that migrating birds do not appear to be placed at 


unreasonable risks in these areas at this time.  Therefore, nocturnal radar studies are likely 


unnecessary in those areas.  However, applicants are strongly encouraged to contact MDIFW 


as early as possible in their project development process for verification. 


 


Raptor Migration1:  Mountainous regions and areas along Maine’s major river corridors may 


serve to funnel raptor movements.  Also, accipiters and falcons are both known to focus their 


movements along the coastal plain, with accipiters tending on the inland side and falcons 


tending on the seaward side of the coast.  Raptor migration surveys provide data to indicate 


how raptors are using the terrain for activities such as migration, lift, stopover, refueling, 


foraging, etc., allowing MDIFW to recommend minor project modifications to avoid/minimize 


impacts based on documented raptor activity.  In mountainous regions, along major river 


corridors2, and in coastal plains2, MDIFW recommends at least 2 years including at least 4 


seasons (2 spring and 2 fall) of pre-construction monitoring because of high year-to-year 


variability in the numbers of migrants (Strickland et al. 2011).  Where data suggest that 


concentrations of raptors are possible, the Hawk Migration Association of America (HMANA) 


asserts that three years of pre-construction study data are important for projects (HMANA 


Industrial Wind Turbine Siting and Monitoring Policy 2013).  Surveys are conducted in the 


spring (March 1 - June 15) and fall (August 1 - November 30), two or more times per week in 
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weather conducive to migratory activity, from 9 a.m. until 2 hours before sunset, or later if 


birds are moving through the area, from one or more prominent locations within the project 


area.  Information on the species, number of individuals, behavior (especially foraging or 


other stopover/staging activity), flight height (especially abrupt changes owing to orographic 


lift) and direction, time of sighting, and location / direction of travel of each bird relative to 


the project area should be recorded.  For further guidance, please contact MDIFW Avian 


Biologist, Erynn Call (erynn.call@maine.gov; 207-941-4481). 


 


Golden and Bald Eagle11:  Golden eagles are listed as Endangered under MESA.  While most 


documented golden eagle sightings have occurred in northwestern Maine, smaller numbers of 


transients have been documented elsewhere in the State at various times of the year.  In 


Maine, golden eagle activity typically peaks during fall and spring migrations, although a few 


golden eagles have been documented to overwinter in Maine.  Reports of sightings during the 


spring/summer breeding season occur, but are rarely validated.  The difficulties include the 


immense home range (approximately 2,000 square miles) of breeding eagles, the highly 


mobile nature of subadult eagles, widespread misidentification of juvenile bald eagles, and the 


certainty of observers that golden eagles are a very rare bird in Maine.  If golden eagles have 


been documented within the project vicinity based on telemetry or MDIFW-verified 


observation data, the raptor migration surveys described above should be modified so that 


spring surveys are conducted between February 15 – June 15 and fall surveys are conducted 


between August 1 - December 15.  The map below is provided as general guidance for areas of 


concern for Golden eagles.  For further guidance, please contact MDIFW Avian Biologist, Erynn 


Call (erynn.call@maine.gov;  207-941-4481). 


 


 
 


                                                           


1 We request that contractors contact MDIFW to select survey sites, sampling methods, sample size prior to collecting any 


data in the field.  Contractors should partner with MDIFW to establish an appropriate study design and deliverables based on 


site-specific conditions (e.g. project size, proximity to an existing wind farm, topography, and presence of species or habitat of 


interest) prior to initiating preconstruction surveys.  To facilitate MDIFW review, work plans should include a proposed study 


design, including detailed methods, data sheets, and how the data will be summarized. 
2 Major river corridors and coastal plains are both intended as described in “Nocturnal Radar” above. 
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Bald eagles have gone through a remarkable recovery in Maine and, as such, the formal status 


of the population has changed.  Until recently, bald eagles were classified as Species of Special 


Concern, but no longer.  Based on its current State status, MDIFW does not specifically request 


bald eagle surveys at this time.  However, they continue to be protected under the federal Bald 


Eagle and Golden Eagle Protection Act (Eagle Act), as well as other federal laws.  It is 


recommended that applicants contact the US Fish and Wildlife Service (Maine Field Office, 


Orland) for guidance.   


 


Great Blue Heron:  The Great Blue Heron is categorized in Maine as a Species of Special 


Concern.  MDIFW recommends an aerial survey area within 4-miles of proposed project 


boundaries to look for new and existing colonies and level of use, and to include ridgeline 


sightings of herons during raptor survey work.  Surveys should be conducted between May 1 


and June 15 for projects in northern and Downeast Maine.  Earlier timing may be warranted in 


central and southern regions of the state.  Note, heron survey periods overlap with surveys 


conducted pursuant to the Federal Eagle Act noted above.  Please contact MDIFW Avian 


Biologist, Danielle D'Auria (danielle.dauria@maine.gov; 207-941-4478) for further guidance. 


 


Bicknell’s Thrush:  The Bicknell’s Thrush is categorized in Maine as a Species of Special 


Concern.  This species is known to occupy sub-alpine forests usually dominated by balsam fir 


and red spruce at elevations >2,700 feet, with recent evidence of some lower elevations, 


typically where a history of disturbance has resulted in a stunted dense understory.  Title 35-


A M.R.S., Section 3452-A, establishes a rebuttable presumption that “any portion of the 
generating facilities or associated facilities of a wind energy development” proposed in 


documented Bicknell’s Thrush habitat would “constitute a significant adverse effect on natural 
resources”.  Thus, these areas should be avoided.  If an applicant wishes to verify presence, a 


series of surveys should be conducted to assess the abundance and distribution of the 


population at that site.  Surveys are to be conducted pursuant to the Mountain Birdwatch 


Program methodologies as outlined in the Program manual (http://vtecostudies.org/wp-


content/uploads/2017/03/MBW-Volunteer-Manual_2017.pdf).  For further guidance, please 


contact MDIFW Avian Biologist Adrienne Leppold (adrienne.j.leppold@maine.gov; 207-941-


4482). 
 


Breeding Birds:  Applicants have historically submitted more incidental bird observations 


than requested.  It should be noted that anecdotal information that is not part of a formal 


survey is of limited value.  If, however, there is evidence of MESA listed Endangered or 


Threatened species or select species of Special Concern using the project vicinity, MDIFW may 


request breeding bird surveys be conducted.  Assuming proposed wind energy projects will 


not be located in proximity to wetlands, beaches, or coastal islands, the primary concerns will 


involve grassland bird species such as upland sandpipers, grasshopper sparrows, eastern 


meadowlark, and horned lark.  In addition to the grassland bird species, MDIFW is also 


concerned with American pipit, rusty blackbird, and Bicknell’s thrush (see previous section).  


Known information on the presence of these species in a proposed area will be provided 


during preliminary review of project sites or upon request.  As general guidance, the following 


describes the habitat preferences of these species. 
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Habitats of concern for grassland bird species include large grasslands or agricultural lands 


exceeding 15 acres in size. This includes, but is not limited to, hayfields, crop fields, pastures, 


upland and wet meadows, as well as airports and landfills over 30 acres.  American pipits nest 


in rocky, alpine habitat above tree line.  Rusty blackbirds are associated with extensive tracts 


(10 to 400 acres) of early successional softwood dominated forest stands in close proximity to 


wetlands or low-gradient streams. 
 


If requested, one year of surveys will typically be adequate, but MDIFW may recommend 


additional years of sampling in some cases, namely if there is 1) limited or no relevant data 


regarding breeding season use of the project site (e.g., data from nearby areas of similar 


habitat type) or 2) significantly diverse species and habitats present.   
 


In these limited situations primarily involving the species highlighted above, surveys should 


consist of point counts, designed to document singing males, though the observer should 


record all birds seen and heard.  Survey locations should cover the entire project area and be 


representative of all habitat types.  Point count locations should be a minimum of 200 meters 


apart, and, when possible, should be located at the anticipated turbine sites.  In some cases, 


we may request control sites be established to complete Before-After-Control-Impact (BACI) 


assessments.  Once points have been identified, a map of the project area and point count 


locations should be included in the work plan presented to MDIFW prior to commencing data 


collection.  Points should be visited for surveys three times; once in May and twice in June, 


spaced at least seven days apart. Point counts should be conducted between sunrise and 


10:00 am with detections limited to 100-meter distance radius and 10-minute sampling 


periods.  Birds outside the 100-meter radius or sampling period should be recorded as 


incidental observations.   
 


Point Count Data Analysis: Data should be analyzed and summarized seasonally to report 


species’ relative abundance (i.e., mean number of observations in a 10-minute sampling 


period), frequency of occurrence (i.e., % of surveys a species is observed), and community 


richness.  For further guidance, please contact MDIFW Avian Biologist, Adrienne Leppold 


(adrienne.j.leppold@maine.gov; 207-941-4482). 


 


Aquatic Resources 


Rivers, streams, and brooks within proposed remote wind energy project sites are often in or 


near headwaters, providing high water quality and habitat values for fish and other aquatic 


and wetland species.  MDIFW recommends maintaining 100-foot vegetated buffers from the 


upland edge of streams and any contiguous wetlands.  Maintaining and enhancing buffers 


along these resources is critical to the protection of water temperatures, water quality, 


natural inputs of coarse woody debris, and various forms of aquatic life necessary to support 


conditions required by coldwater fish and other aquatic species.  Stream crossings should be 


avoided, but if a stream crossing is necessary, or an existing crossing needs to be modified, it 


should be designed to provide full fish passage.  Small streams, including intermittent 


streams, can provide crucial rearing habitat, cold water for thermal refugia, and abundant 


food for juvenile salmonids on a seasonal basis.  Undersized crossings may inhibit these 


functions.  Generally, MDIFW recommends that all new, modified, and replacement stream 


crossings be sized to span at least 1.2 times the bank-full width of the stream.  In addition, we 
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generally recommend that stream crossings be open bottomed (i.e. natural bottom), although 


embedded structures which are backfilled with representative streambed material have been 


shown to be effective in not only providing habitat connectivity for fish but also for other 


aquatic organisms. MDIFW encourages consideration of these factors during initial design of 


the project and its position in the landscape, site preparation, and installation of 


infrastructure to ensure continuation of these important habitats. 


 


Roaring Brook Mayfly:  The Roaring Brook Mayfly is listed as Threatened under MESA.  This 


species is known to inhabit clean, cold, high elevation perennial streams in central and 


western mountainous regions of the state.  All known occurrences of this species are in 


streams draining off slopes above 1,000 feet elevation MSL with coarse substrates (rocks, 


cobble, boulders) and bordered by relatively undisturbed mixed or hardwood forest.  To 


protect this species, MDIFW recommends a 250-foot riparian management zone for streams 


meeting these location preferences, extending from each bank.  Alternatively, if an applicant 


wishes to verify presence, potentially suitable habitat should be identified during stream 


delineations and surveyed during the appropriate timing window (September). Please contact 


MDIFW Wildlife Biologist Beth Swartz (beth.swartz@maine.gov) for further details on 


riparian management zones, survey protocol, etc. 


 


Spring Salamander:  The Northern Spring Salamander is categorized in Maine as a Species of 


Special Concern.  This species is known to inhabit clear, cold, mountain streams in the central 


and western regions of the state, with scattered records in York and Cumberland counties.  


Most occurrences in Maine are known from elevations ranging between 500 and 2,000 feet 


MSL in relatively steep gradient, first or second order streams underlain by coarse substrates 


(rock, cobble, gravel) and bordered by hardwood or mixed forest.  This species can also be 


found in larger third-order streams and rivers if the habitat is appropriate as described above.  


To protect this species, MDIFW recommends a 250-foot riparian management zone for 


streams meeting these location preferences, extending from each bank.  Alternatively, if an 


applicant wishes to verify presence, potentially suitable habitat should be identified during 


stream delineations and surveyed during the appropriate timing window (mid-May to mid-


September).  Please contact MDIFW Wildlife Biologist Beth Swartz (beth.swartz@maine.gov) 


for further details on riparian management zones, survey protocol, etc.  


 


Vernal Pools:  The “significance” of vernal pools and their associated buffers is dependent 


upon several factors, including the presence or use by state Rare, Threatened, or Endangered 


Species, or the presence and reproductive success of certain pool-breeding amphibians.  The 


optimal time for assessing the latter criteria coincides with a 2-3-week spring breeding period 


that varies slightly with geography, elevation, and weather.  Vernal Pools are designated as 


“Potentially Significant” until such time that a seasonally valid survey is conducted and the 


true value determined.  Because of the limited survey period, some developers may choose to 


initially consider their pools as Significant and reassess them in the future under viable 


conditions.  Alternatively, a developer may choose to consider them as Significant Vernal 


Pools (SVPs), not formally survey them, and design the proposed project accordingly to avoid 


(recommended), minimize, and mitigate for any impacts to these resources. 
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When performed, vernal pool surveys should be conducted within 250 feet of any proposed 


project impact and during the recommended egg mass periods.  These surveys should extend 


out to 250 feet beyond the anticipated project footprint because of potential impacts to off-


site Significant Vernal Pools, assuming such pools are located on land owned or controlled by 


the applicant.  A MDEP Maine State Vernal Pool Assessment Form should be completed for 


each pool and submitted to MDIFW for pool status determination as soon as possible and well 


before the project application is submitted to MDEP.  Please contact MDIFW Wildlife 


Biologist Beth Swartz (beth.swartz@maine.gov) for further details. 


 


 


Additional Surveys and Rare Animal Forms:  In addition to those noted above, surveys may 


be recommended for other Endangered, Threatened, and Special Concern species based on 


the project location and site specific conditions.  Any additional surveys warranted will largely 


be identified by MDIFW during early project consultations.   


 


In many regions of the State, formal surveys for Rare, Threatened, and Endangered species 


have not been conducted, so it is possible that other rare species may be resident or transient 


in the project area based on location, habitats present, and life history requirements, including 


one or more rare species of migratory birds during spring and fall migrations.  MDIFW 


requests that the applicant/consultants voluntarily document any Rare, Threatened, or 


Endangered Species encountered during project surveys by completing and submitting a Rare 
Animal Form for each observation.  For forms, please contact MDIFW’s Environmental Review 


Coordinator, John Perry (john.perry@maine.gov; 207-287-5254). 


 


 


MINIMUM TURBINE CURTAILMENT RECOMMENDATIONS 
 


Of the eight species of bats that occur in Maine, three Myotis species are afforded special 


protection under Maine’s Endangered Species Act: the little brown bat (M. lucifugus, State 


Endangered); northern long-eared bat (M. septentrionalis, State Endangered); and eastern 


small-footed bat (M. leibii, State Threatened).  The five remaining bat species are designated 


as Species of Special Concern:  red bat (Lasiurus borealis), hoary bat (L. cinereus), silver-haired 


bat (Lasionycteris noctivagans), tri-colored bat (Perimyotis subflavus), and big brown bat 


(Eptesicus fuscus).  It is MDIFW’s position that the only adequate protection for bats at wind 


power facilities at this time is seasonal curtailment of turbines under appropriate conditions, 


though continuing research may lead to other avoidance measures in the future. 
 


MDIFW’s curtailment recommendations are based on project and site specific considerations, 


recent recommendations for other similar facilities, seasonality, proximity to specific habitats 


important to bats, and ambient temperatures.  MDIFW’s recommendations will be updated in 


the event of new conservation measures with demonstrated efficacy, status updates on listed 


bat populations, insights on cumulative impact, etc. 
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For planning purposes, in most circumstances based on current research32and recent project 


reviews, MDIFW recommends that turbines operate only at cut-in wind speeds exceeding 6.0 


meters per second each night (from at least ½ hour before sunset to at least ½ hour after 


sunrise) during the period April 15 –September 30, whenever the ambient air temperature is 


at or above 32 degrees Fahrenheit, measured at both ground level and nacelle hub height.  


Proximity to hibernacula, documented maternity sites, rocky features, the coastal mainland, 


and migration patterns, may increase risks and thus possibly necessitate additional 


safeguards, such as extended timeframes (earlier and/or later) and/or higher wind speeds.  At 


this time, MDIFW considers proximity to be within three miles, subject to revision with 


ongoing research.  Additionally, based on higher bat mortality during July – September 


demonstrated through post-construction project monitoring in Maine and research 


elsewhere, applicants can anticipate a need for increased curtailment wind speeds during this 


period.  Cut-in speeds are determined based on mean wind speeds measured at nacelle hub 


heights of a turbine over a 10-minute interval.  MDIFW advises that turbines be feathered 


during curtailment and allowed to turn at no more than one revolution per minute to 


minimize risks of bat mortality.  MDIFW urges applicants to discuss site specific curtailment 


recommendations in early stages of project design.  
 


 


INCIDENTAL TAKE PLANS 
 


Under MESA, MDIFW has the authority to approve project-specific Incidental Take Plans 


(ITPs) when such plans minimize the incidental “taking” (death) of Endangered or Threatened 


species and demonstrate that the “taking” will not impair the recovery of the species. For 


projects that incorporate appropriate siting, design, and operational practices to ensure 


                                                           


3 At the 355-turbine Fowler Ridge Wind Farm in Indiana in 2010, “An approximate 50% reduction in overall bat 
mortality was observe[d] by raising the cut-in speed from 3.5-5.0 mg/s, while an approximate 78% reduction in 
overall bat mortality was realized by raising the cut-in speed from 3.5-6.5 m/s”.  “The Fowler Ridge study is the first 
to demonstrate that bat fatality rates were not only significantly different between control and treatment turbines, 
but that bat fatality rates were significantly different between cut-in speeds raised to 5.0 m/s versus turbines with 
cut-in speeds raised to 6.5 m/s.” 
 


At the 16-turbine Sheffield Wind Facility in Vermont in 2012, “Total fatalities at fully operational turbines were 
estimated to be 2.6…times greater than at [6.0 m/s] curtailed turbines, resulting in an estimated 60%...reduction in 
bat fatalities [when curtailed at this level].” 
 


At the 67-turbine Beech Ridge Wind Farm in West Virginia in 2013, “The cut-in speed for all turbines was raised 
[from the nominal cut-in speed of 3.5 m/s] to 6.9 m/s all night long throughout the entire study period.  Turbines 
were feathered so that they did not rotate at wind speeds below 6.9 m/s.” “The bat fatality rate at the Project was 
approximately 89% less than the average for other annualized West Virginia projects.” 
 


“Indeed, several previous or concurrent studies have shown that raising turbine cut-in speeds…from the 
manufactured speed (usually 3.5-4.0 m/s for modern turbines) by 1.5-3.0 m/s [total 6.5-7.0 m/s] results in 
significant reductions in bat fatalities compared to normally operating turbines (Baerwald et al. 2009, Arnett et al. 
2011),” 
 


“Currently, only operational mitigation (stopping turbine blades from spinning) during predictable high risk periods 
has demonstrated effective reductions of fatalities of bats.” “We conclude that increasing cut-in speed between 1.5 
and 3.0 m/s [above manufacturer cut-in speeds of 3.5-4.0 m/s for a total of 6.5-7.0 m/s] or feathering blades and 
slowing rotor speed up to the turbine manufacturer’s cut-in speed yields substantial reductions in fatality of bats.” 
 


All from Arnett et al., 2013 
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avoidance/minimization of bat mortality, this provides legal protection against liability for 


incidental take, benefitting applicants seeking permits to build and operate wind energy 


projects into the future.  Developers have the option to prepare ITPs in advance of the normal 


review conducted by permitting agencies.  However, it should be noted that ITPs are 


developed and approved for specific Endangered or Threatened species.  As such, an 


approved ITP for bat mortality does not address, nor provide protection against liability for, 


adverse impacts to other species or resources.  Such other impacts must be addressed 


independently.  For more information on ITPs, please contact MDIFW’s Endangered and 


Threatened Species Coordinator, Charlie Todd (charlie.todd@maine.gov; 207-941-4468). 


 


 
 


Updated March 5, 2018 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


For more information, please contact Bob Stratton (robert.d.stratton@maine.gov;  


207-287-5659), MDIFW’s Environmental Program Manager; Supervisor of Fisheries and 


Wildlife Program Support. 
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Avian Resources in Maine’s Coastal Plain 


 
Updated March 5, 2018 


 
 
The best available science on bird migration patterns across Maine, data from recent radar 
studies, information on predominant weather conditions that cause lower migration flight 
heights1,2, and knowledge of migratory stopovers / staging areas used by bird guilds have 
helped determine regions of greater risk to migratory birds (MDIFW unpublished data).  
These factors and post-construction wind project fatality monitoring data have 
demonstrated that Maine’s coastal plain is principal among them, and thus an area of 
significant concern to the Department.  The concentration of migratory birds in the coastal 
plain is greater than in other areas of Maine and the seasonal and daily movement patterns 
are unique for represented guilds, creating a very complex dynamic.  In and around the Gulf 
of Maine, over 300 species of birds have been documented during migration.  The Gulf of 
Maine and coastal plain is an especially important region for millions of migrants during 
both spring and fall migration and serves as a nexus for many boreal breeding bird species 
whose migration routes intersect over the Gulf of Maine (Drury and Keith 1962, Hicklin 
1987, Humphrey et al 1995, Leppold and Mulvihill 2011, Richardson 1978 and 1979). Of 
these migrant species, 100 are listed in Maine’s 2015 State Wildlife Action Plan as species 
of Special Concern or Species of Greatest Conservation Need (SGCN).  Special Concern 
species are defined by MDIFW as species that do not meet the criteria as Endangered or 
Threatened, but are particularly vulnerable and could easily become Endangered, 
Threatened, or Extirpated due to restricted distribution, low or declining numbers, 
specialized habitat needs or limits, or other factors.  SGCN are designated and prioritized 
based primarily on risk of extirpation, population trend, endemicity, and regional 
conservation responsibility.  Concerns with migratory birds in the coastal plain involve 
passerines and shorebirds that are migrating through Maine at different times and from 
different directions.   In addition to those that migrate through, other shorebirds breed in 
Maine’s coastal plain and are present through the spring, summer and fall, with localized 
behavioral patterns that put them at significant risk. 
 
  


                                                           
1 “The Project’s proximity to the coast and its microclimate (i.e., wind speed above tree height and propensity for 


fog) may put it at greater risk of collision for nocturnal migrant passerines than other Projects in the region.” 
Bull Hill Wind Project Year 1 Post-Construction Wildlife Monitoring Report, 2013. 
2 The area referenced by MDIFW as the “Downeast Coastal Plain” can be observed as an unusual formation 
between two separate ecoregions in which the Eastern Maine-Southern New Brunswick Plains Ecoregion 
(82c) protrudes southward into the Downeast Coast Ecoregion (82g).  The US Environmental Protection 
Agency, US Geologic Survey, and other partners’ note for 82c, “The climate is milder than in ecoregions to the 


north and northwest, and is transitional to the coastal Ecoregion 82g.”  For 82g, “The Downeast Coast has more 


fog and precipitation than other coastal regions, and the wet, cool, foggy climate supports these spruce-fir 


forests of a more northern character”. Ecoregions of New England (Griffith, G.E., Omernik, J.M, et al, US 
Geologic Survey, 2009). 
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Migrating passerines: The natural orientation of the coastline (southwest to northeast) 
provides a leading line for migrant birds traveling to and from northern Maine and the 
eastern Canadian Provinces (i.e. Nova Scotia and Newfoundland).  While many migratory 
movements occur as broad-front pulses, birds are also adapted to follow topographical 
features like coastlines, regardless of the orientation (Åkesson 1993, Bruderer and Liechti 
1998).  Ecological barriers, such as oceans, may even attract birds (Berthold 1993).  When 
migratory movements converge and funnel along a guiding line, mass migrations develop 
into migration corridors or flyways (Baird et al. 1958, 1959, Berthold 1993). Migration 
research in and around the Gulf of Maine since the 1950’s supports classifying the Gulf of 
Maine as one of these major migration corridors (McCabe 2015, Leppold 2016, Smetzer 
2017). 
 
In Maine, passerine spring migration occurs from April to June and consists of 
congregations of many species, but with dominant guilds represented at different times 
during the season.  Passerine fall migratory movements occur primarily from mid-August 
to November, as large numbers of individuals make their way south to wintering grounds 
in the southern U.S., Caribbean Islands, and Central and South America.  Maine’s coastline 
and more than 4,000 islands provide critical stopover areas for these migrating birds 
(Grunzel 2014, McCabe 2015, and Leppold 2016). As such, we expect individuals to be 
flying at lower flight heights arriving and departing from migratory stopover sites.  
Additionally, birds fly lower over water (Bruderer and Liechti 1998, Liechti 2006).  MDIFW 
believes that the large number of birds migrating through the coastal plain at lower flight 
heights represents a significant risk and provides the following data to illustrate. 
 
Nocturnal radar monitoring has indicated that proposed wind power sites in Maine’s 
coastal plain are subject to the highest spring passage rate (targets/kilometer/hour 
(t/km/hr)) recorded in New England (Weaver Wind 2014) as well as the second highest 
fall passage rate in Maine / third highest fall rate in New England (Downeast Wind 2015).   
At the proposed Weaver Wind site (Spring 2014), 35% of nights surveyed had averages of 
more than 1,000 t/km/hr, with 23% - 72% of radar targets below the height representing 
the tip of the proposed turbine blades.  On the night of highest passage, data indicated a 
nightly average of 2,586 targets/km/hr, with 48% of targets below the tip of the proposed 
turbine blades.  During the hour of highest passage, data indicated 5,161 t/km in one hour, 
with the mean target flight height at 16 meters below the height representing the tip of the 
proposed turbine blades.   
 
Fatality data from post-construction monitoring at the Bull Hill Wind facility in the 
Downeast coastal plain indicated the highest bird fatality estimates in northern New 
England.  The originally reported 2013 and 2014 fatality estimates each represented 
approximately double the number of carcasses per turbine per study period than the next 
highest wind project in Maine.  Subsequently, the applicant’s consultant revised its findings 
and indicated plans to reexamine the results of all their projects based on new fatality 
estimate guidance.  These revisions have not yet been obtained but, it is anticipated that, 
though the total fatality estimate numbers for all of the consultant’s projects may decrease 
following statewide adjustments, the relative difference between the Bull Hill results in the 
Downeast coastal plain in comparison to other projects will likely remain.   
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Of note, fifty percent of the species represented in bird fatalities at Bull Hill in 2013 (partial 
migration period) and 2014, consisted of Priority 2 and Priority 3 SGCN pursuant to the 
Maine State Wildlife Action Plan.  Additionally, fifty percent of all SGCN priority species 
fatalities reported at Bull Hill (2013 partial season, 2014) (Priorities 2,3,4) are reported as 
experiencing significant population declines.  Unsurprising because of their rarity, no 
Endangered (Priority 1) species fatalities were reported.  MDIFW believes that this data 
from proposed and operating wind facilities, migration heights and numbers consistent 
with our understanding of bird migration patterns through the area and reported high 
fatality estimates, illustrates the increased risk to migrating passerines in the coastal plain 
and thus our agency’s concern. 
 
Migrating shorebirds:3 Shorebirds are an important group for management consideration 
because large numbers of these birds concentrate in discrete areas of coastal habitat where 
they are highly susceptible to disturbance, development, and environmental contaminants.  
The conservation status of North American shorebirds warrants concern.  Consistent 
declines are evident in populations of lesser yellowlegs, whimbrel, semipalmated 
sandpipers, red knot, purple sandpiper and dunlin (Andres et al. 2012).  More than 20 
species of shorebirds, including those species experiencing consistent decline, depend on 
Maine coastal habitats to feed and rest during migration from the high arctic breeding 
grounds of Canada to the furthest tip of South America.  Nine of the 23 species that 
regularly migrate through Maine are listed as Federally Threatened, Maine Species of 
Special Concern, and/or Maine Priority 1 or Priority 2 SGCN. 
 
Maine coastal habitats are included in the Maritime Canada and Northeast U.S. region 
identified by the Atlantic Flyway Shorebird Initiative as a critical shorebird stopover area 
where conservation should be focused. (Winn et al. 2013).  The greatest numbers of 
shorebirds feed and roost along the Maine coast during southward migration, which begins 
in July and continues through November.  In their short stopover period, birds must double 
their body weight to acquire the fat reserves needed to fuel a nonstop, transoceanic flight 
to coastal and inland habitats in the Caribbean, Florida, and South America.  Feeding and 
roosting areas associated with staging areas occur along the entire Maine coast.  Areas 
within and near the intertidal areas of Penobscot, Sheepscot, Muscongus, and Casco Bays 
are important for migrating shorebirds.  However, Downeast Maine (Trenton Bay east to 
Perry) is probably the most important fall migratory stopover area in the eastern U.S. for 
Semipalmated Sandpipers, Semipalmated Plovers, Black-bellied Plovers, Ruddy Turnstones 
and Short-billed Dowitchers (Famous and Ferris 1980, McCollough and May 1980).   
 
During 2013-2016, MDIFW and partners investigated habitat use, length of stay, and 
premigration condition of shorebirds using coastal staging habitats in Downeast, mid coast, 
and southern coastal regions.  Results of this work indicated variation in refueling rates 
and condition between the three regions.  Downeast birds had significantly shorter 
stopover periods and individuals relied exclusively on this region before initiating their 
transoceanic flights.  In comparison, results from analogous studies conducted in southern 
                                                           
3 Information obtained from MDIFW Issue Profile: Migratory Shorebird Use of the Maine Coast, April 2017 
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Maine and Massachusetts at high disturbance areas experienced longer stopover periods 
and were more likely to make multiple stops at different locations during southward 
migration. This work highlights the critical importance of the Downeast area as being a 
single, final stopover location for thousands of shorebirds before making the 3-5-day non-
stop flight to wintering areas in South America (Holberton et al. in prep. 2017). 
 
The combination of colder air in the coastal plain providing less lift for migrating 
shorebirds approaching from the north and their subsequent descent into stopover 
habitats, results in lower flight heights that put them at risk of impact with large structures.  
The potential for collisions is a concern, as studies suggest that on migration stopover, 
during take-off and landing adjacent to turbines, shorebirds showed little avoidance of 
wind farms (Kriggsveld et al 2011).  Additionally, for most shorebird species, the adults 
and juveniles migrate from the breeding grounds at different times, prolonging the period 
of risk.   
 
Seasonally local shorebird populations: From May through September each year, 
shorebirds undertake a variety of activities in the coastal plain, including breeding by 
upland sandpipers and staging and feeding by whimbrels  These shorebirds have unique 
habits that subject them to increased risks, with the potential for population-level changes 
in Maine.  Studies on breeding shorebirds in or near wind farm projects found that 
breeding success declined during the construction phase and remained low during the 
operational phase.  As the period of operation increases, greater declines in abundance 
generally occur, resulting in local population effects.  Breeding shorebirds were shown to 
be displaced within 500–800 meters of turbines (BirdLife International 2013). 
 
Upland sandpiper:  Upland sandpipers are listed as a MESA Threatened Species (Priority 
1 SGCN).  Upland sandpipers are grassland birds that are easily displaced from their 
habitats, and placed at risk during characteristic aerial courtship displays and local 
movements of broods during the nesting and premigration season, if in proximity to large 
structures.   
 
If an applicant wishes to evaluate presence/absence, behavior and habitat use by upland 
sandpipers, MDIFW recommends weekly 10-minute point counts during the breeding 
season (May-June).  Because of their cryptic and secretive behavior, to determine 
presence/absence and habitat use during post breeding period (July through September), 
weekly systematic walking transects should be conducted through the barrens at a slow 
walk or weekly aerial surveys using a fixed – wing aircraft flying at 200 feet or less over 
fields using multiple passes spaced about 400 meters apart. For further guidance and to 
coordinate monitoring efforts, please contact the MDIFW Shorebird Biologist (207-941-
4479). 
 
Whimbrel:  In 2006, Whimbrels were identified as a species of High Conservation Concern 
by the U. S. Shorebird Conservation Plan because of steep population declines and elevated 
threats (USSCP 2016).  In Maine, whimbrels are characterized as Species of Special Concern 
(Priority 2 SGCN), susceptible to declines caused by increased mortality (Watts et al. 2015). 
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During their residence period, whimbrels undertake daily movements dictated by tidal 
stage, between intertidal habitats (mudflats, saltmarsh, and offshore islands) and interior 
blueberry barrens for roosting and feeding.  Barriers intercepting movement between 
feeding areas result in fitness costs that may impact migration success. (Birdlife 
International 2013) 
 
If an applicant wishes to evaluate presence/absence, behavior and habitat use by staging 
whimbrels, MDIFW recommends weekly aerial surveys using fixed – wing aircraft flying at 
200 feet or less over fields using multiple passes spaced about 400 meters apart from mid-
July through mid-September.  Surveys need to be coordinated with the tide.  Surveys 
conducted on the barrens or inland areas need to occur 2 hours either side of high tide, 
while surveys on intertidal habitats should be conducted 2 hours either side of low tide. 
For further guidance and to coordinate monitoring efforts, please contact the MDIFW 
Shorebird Biologist (207-941-4479). 
 
The behavioral patterns of both of these shorebird species put them at significant risk from 
wind power development in the coastal plain.   
 
 
Coastal Plain Specific Recommendations:  MDIFW believes that sufficient data has been 
collected through regional research studies (cited above) as well as radar and fatality 
studies for proposed and active facilities in Maine’s coastal plain (Downeast Wind, Weaver 
Wind, Bull Hill Wind) to indicate significant use patterns and adverse risks for migrating 
birds in this region.  As the factors above have been well demonstrated, the Department 
does not require additional radar data in the coastal plain as revalidation at this time.   
 
In light of the compelling evidence described, if a developer desires to pursue wind power 
development in this region, MDIFW recommends a pre-approved, rigorous, independent, 


and research quality data collection effort consisting of at least 3 years including at least 6 
full seasons (3 spring: April 15-June 1 and 3 summer/fall: July 15-October 31).  The 
additional summer survey period is necessary to address southbound shorebird migration 
to and through the coastal plain.  Shorebirds have a staggered migration of species, age 
class, and breeding region-specific waves, strongly correlated with weather fronts.  To 
provide for the inter-seasonal and annual variability in behavioral patterns described for 
passerines and shorebirds in the coastal plain, data should be collected nightly, with 
sufficient monitoring locations to cover at least 75% of the air space within the proposed 
project area.  If, after consideration of factors that naturally cause variability in migration, 
the data are not consistent or do not accurately capture conditions, an additional year (1 
spring, 1 summer / fall) will likely be recommended.  In the Department’s view, based on 
seasonal and daily migratory patterns (numbers of migrants, flight heights, behaviors), 
predominant weather conditions, and the results of area studies (Downeast Wind, Weaver 
Wind, Bull Hill Wind), the “coastal plain” area of concern generally corresponds with the 
U.S. Environmental Protection Agency Ecoregions labeled as “Gulf of Maine Coastal Plain 
(59h)”, Gulf of Maine Coastal Lowland (59f)”, “Midcoast (82f)”, “Downeast Coast (82g)”, and 
a transitional area in the southern region of “Eastern Maine-Southern New Brunswick 
Plains (82c)”, roughly represented as below Route 9 in eastern Maine, which corresponds 
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with the northern boundary of one of the project study areas (Weaver Wind) (see 
accompanying map also found at: https://www.epa.gov/eco-research/level-iii-and-iv-
ecoregions-epa-region).  The Department notes that this region of increased concern is an 
approximation based on the aforementioned facts.  The purpose of any research 
undertaken would be to further define its boundaries. 
 
Note that additional nights or seasons of monitoring may be recommended depending on 
site specific conditions, the project location, species present, etc.  Also, large projects may 
need multiple radar monitoring locations to ensure adequate coverage of geographically 
larger project sites.  MDIFW also recommends the use of X-Band radar systems to ensure 
consistency and comparability between study results, preferably with dual arm radar 
technology.  If radar units are placed at sites with more than 15% ground clutter, site 
selection should be pre-approved by MDIFW staff often following a site visit.  For 
verification purposes, it is essential that an image of the radar screen during a high 
migration event and a series of photos showing surrounding landscape/ground clutter be 
submitted with any report.   
 
For further guidance on radar methodologies, settings, and marine applications, please 
contact MDIFW Avian Biologist, Adrienne Leppold (adrienne.j.leppold@maine.gov; 207-
941-4482). 
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For more information, please contact Bob Stratton (robert.d.stratton@maine.gov;  
207-287-5659), MDIFW’s Environmental Program Manager; Supervisor of Fisheries and 
Wildlife Program Support. 







From: Lin, Mao
To: Stratton, Robert D
Cc: Beyer, Jim R; shawn.b.mahaney@usace.army.mil; Mark_McCollough@fws.gov; Mahaney, Wende; Todd Presson;

John Kennedy; Parker Hadlock; LLOHN@cianbro.com; Cassida, Jim; Hengstenberg, Derek; Todd, Charlie; Perry,
John; Settele, Rebecca; Sarah Boyden (sarah.boyden@maine.gov); Elizabeth.Thorndike@maine.gov

Subject: Moscow Renewable Energy Project (FW: Canton Mountain Wind Project Post-Construction Monitoring Report:
Year 2 (2019) #L-255558-24-A-N/L-25558-TB-B-N/L-25558-24-K-B)

Date: Friday, April 17, 2020 3:16:00 PM
Attachments: CantonPCM_2019_Final.pdf

CantonRadar_Spring2019.pdf
image007.png
image008.png
image009.png
CantonPCM_Radar_2018_Final.pdf

Hi Bob,
 
As per your request at our December 10, 2019 meeting and in your March 10, 2020 correspondence
re: Moscow Renewable Energy Project Preliminary Resource Survey Recommendations, I am
forwarding a copy of the 2019 fatality monitoring report at Canton Mountain Wind and the
associated radar report for Spring 2019. I am also attaching the combined 2018 Canton PCM and
radar report.
 
Please note that the 2019 reports have already been submitted to the
IFWEnvironmentalreview@maine.gov address, but we would be more than happy to submit them
elsewhere if that makes more sense.
 
For questions or additional information, please contact Tetra Tech’s Project Manager, Jim Cassida, at
jim.cassida@tetratech.com or via phone at 207-879-9496.
 
Thanks, and have a great weekend.
 
Mao
 
 

From: Lin, Mao 
Sent: Friday, April 17, 2020 2:11 PM
To: Hallowell, Dawn <Dawn.Hallowell@maine.gov>; IFWEnvironmentalreview
<IFWEnvironmentalreview@maine.gov>; Rodney.A.Howe@usace.army.mil;
jay.l.clement@usace.army.mil
Cc: Lindsay Galbraith <lgalbraith@jaycashman.com>; Susan Owens <Sowens@jaycashman.com>;
Michael Dionne <mdionne@jaycashman.com>; Todd Presson <TPresson@jaycashman.com>; John
Kennedy <jkennedy@jaycashman.com>; Hengstenberg, Derek
<Derek.Hengstenberg@tetratech.com>
Subject: Canton Mountain Wind Project Post-Construction Monitoring Report: Year 2 (2019) #L-
255558-24-A-N/L-25558-TB-B-N/L-25558-24-K-B
 
Good Afternoon  –
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Canton Mountain Wind Project Post-Construction Monitoring Report: Year 2 (2019) 
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EXECUTIVE SUMMARY 


The Canton Mountain Wind Project (Project) is an 8-turbine, 22.8 megawatt wind energy facility 
in Canton, Maine that became operational in November 2017. The Project is operated by Canton 
Mountain Wind, LLC which is an affiliate of Patriot Renewables, LLC (Patriot). Patriot contracted 
Tetra Tech, Inc. to perform post-construction monitoring for bird and bat fatalities and an avian 
radar survey (Study). The Study was conducted in compliance with the Site Location of 
Development Act and Natural Resources Protection Act permits issued for the Project in June 
2014 by the Maine Department of Environmental Protection (#L-255558-24-A-N/L-25558-TB-B-
N), and in consideration of and cooperation with concerns expressed by Maine Department of 
Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service about the potential impacts of 
wind development on birds and bats. On July 31, 2019, the State of Maine Board of 
Environmental Protection approved an amendment to eliminate the avian radar survey from the 
post-construction monitoring protocol (#L-25558-24-K-B), thus radar was discontinued after the 
Spring 2019 season.  The primary objective of the Study was to estimate bird and bat fatalities at 
the Project during operation. This objective was achieved during Year 2 (2019) of the Study by 
identifying fatalities by species at each turbine during spring bird and bat migration, summer 
residency and breeding, and fall bird and bat migration. All eight turbines were searched 5 days 
a week each season, resulting in more than 700 turbine searches over a 21-week period. 


Eight bird fatalities and one bat fatality were collected and recorded during the Study. Fatalities 
consisted of six avian species, including five songbirds and one hawk. The highest number of bird 
fatalities (n=5) was found during the spring migration season, followed by the fall migration 
season (n=3). No bird fatalities were found during the summer residency and breeding season, 
but the only bat fatality was observed during the summer surveys. Fatalities occurred at four of 
the eight turbines during the survey period, with most fatalities documented at Turbine 3 (n=5), 
two fatalities at Turbine 4, and one fatality each at Turbines 1 and 5. Carcass distribution 
averaged approximately 33 meters (108 feet) from turbines with the closest bird fatality found 
approximately 8 meters (26 feet) from Turbine 5, and the farthest fatality found approximately 
61 meters (200 feet) from Turbine 3. Most of the fatalities (n=7) were found in areas where 
visibility was easy, with the remaining fatalities found in areas with moderate visibility (n=2). 


The observed numbers of fatalities documented at the Project during standardized searches were 
analyzed and adjusted using the GenEst generalized mortality estimator. The site total estimate 
for avian fatalities was 54.33 fatalities per year and the per-turbine estimate was 6.79 fatalities 
per year (Table ES-1). Thus, one bird carcass found in the field scales up to 6.79 fatalities. The 
per-megawatt fatality estimate for the Project is 2.47 bird fatalities per megawatt. The site total 
estimate for small birds was 50.80 fatalities per year. 


The highest number of bird fatalities at the Project was found in the spring migration season 
(n=5), which was not much more than the number of bird fatalities found during the fall migration 
season (n=3), and no bird fatalities were found during the summer.  
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Year 1 of the Study was conducted during the first year that the Project was operational, and 
findings were reported to Maine Department of Inland Fisheries and Wildlife, as required by the 
Project’s Post-Construction Monitoring Plan (Tetra Tech, Inc. 2017; Appendix A). Year 2 of the 
Study was conducted during the second year of Project operation (2019). Year three of the Study 
is planned for 2020. 


Table ES-1. Post-construction Fatality Monitoring Summary for Canton Mountain Wind 
Project, Year 2 (2019). 


Variable Value 


Study Metrics 


Number of Project turbines / turbines 
searched 


8/8 


Project size (megawatts) 22.8 megawatts 


Turbine specifications General Electric 2.85-103 (8 turbines) 


Hub height: 85 meters (279 feet) 


Rotor diameter: 103 meters (338 feet) 


Maximum blade tip height: 137 meters (448 feet) 


Study period April 15–October 31, 2019 


Search interval 5 surveys per week for Spring (April 15–June 1)  


5 surveys per week in Summer (August 1–August 31) 


5 surveys per week in Fall (September 1–October 31) 


Bird Fatality Estimate 


Median fatality rate per turbine per year 6.8 


Median fatality rate per megawatt per 
year 


2.5 


Bat Fatality Estimate 


Mean fatality rate per turbine per year1 0.4 


Mean fatality rate per megawatt per year1 0.1 


1 – Obtained via Evidence of Absence analysis (Dalthorp et al. 2017) 
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 INTRODUCTION 


The Canton Mountain Wind Project (Project) became operational in November 2017. The Project 
is operated by Canton Mountain Wind, LLC which is an affiliate of Patriot Renewables, LLC 
(Patriot). Patriot contracted Tetra Tech, Inc. (Tetra Tech) to perform post-construction 
monitoring for bird and bat fatalities (Study). The Study was conducted in compliance with the 
Site Location of Development Act and Natural Resources Protection Act permits issued for the 
Project in June 2014 by the Maine Department of Environmental Protection (MDEP; #L-255558-
24-A-N/L-25558-TB-B-N), and in consideration of and cooperation with concerns expressed by 
Maine Department of Inland Fisheries and Wildlife (MDIFW) and the U.S. Fish and Wildlife Service 
(USFWS) about the potential impacts of wind development on birds and bats. A Post-Construction 
Monitoring Plan was developed for the Project in 2017 and approved by state and federal 
regulatory agencies (Tetra Tech 2017; Appendix A). On July 31, 2019, the State of Maine Board 
of Environmental Protection approved an amendment to eliminate the avian radar survey from 
the post-construction monitoring protocol (#L-25558-24-K-B), thus radar was discontinued after 
the Spring 2019 season. 


Year 1 of the Study was conducted in 2018 during the first year the Project was operational (Tetra 
Tech 2019), Year 2 of the Study was conducted in 2019, and Year 3 of the Study is planned for 
2020. The primary objective of the Study is to estimate bird and bat fatalities at the Project during 
operation. This objective was achieved during both Year 1 (2018) and Year 2 (2019) of the Study 
by identifying fatalities by species at each turbine during spring bird and bat migration, summer 
residency and breeding, and fall bird and bat migration. To estimate the annual fatality rates of 
birds and bats at the Project, Tetra Tech conducted standardized carcass surveys, searcher 
efficiency trials, and carcass persistence trials. Results were compared with nightly passage rates 
collected by radar.  


The Study provides MDEP and Patriot with data that can be used to compare the mean or median 
estimated fatality at the Project to other wind projects where post-construction fatality 
monitoring has been performed. Furthermore, the Study contributes fatality data in a region 
where few fatality studies have been conducted. Regulatory agencies and wind energy 
development stakeholders also benefit from the Study with a better understanding of the risks to 
wildlife from operating wind turbines. 


 PROJECT DESCRIPTION 


The Project consists of eight General Electric 2.85-103 turbines along the ridgeline of Canton 
Mountain in Canton, Maine (Figure 1). Each turbine can generate up to 2.85 megawatts of 
electricity per hour for a total nameplate capacity of 22.8 megawatts. Each turbine is 
approximately 85 meters (279 feet) from the ground to the top of the tower. The rotor diameter 
of each turbine is approximately 103 meters (338 feet). The total height of each turbine from the 
ground to the tip of a fully extended blade (maximum blade tip height; MBTH) is approximately 
137 meters (448 feet). The ridgeline road between the turbine sites is approximately 2,224 
meters (7,297 feet) long.
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Figure 1. Site Overview Map of the Canton Mountain Wind Project, Year 2 (2019)
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Four of the eight turbines have red, medium-intensity, nighttime warning lights mandated by the 
Federal Aviation Administration (FAA). Lighting of the turbines is pursuant to FAA aviation hazard 
lighting standards. The Project uses the minimum number of aviation hazard lights acceptable to 
the FAA. This currently includes one L864 red aviation hazard light each on the first and last 
turbines, and on two turbines in the middle (Turbines 1, 4, 7, and 8). There are no additional 
lights on the turbines, thus avoiding the potential of attracting insects and drawing birds and bats 
toward the facility. 


 METHODS 


Wind energy facility fatality estimates are based on the number of carcasses found during carcass 
searches conducted under or near operating turbines. Both the ability of a searcher to detect 
carcasses (searcher efficiency) and the duration that carcasses persist onsite before being 
detected by a searcher (carcass persistence time) can bias the number of carcasses found during 
searches. Therefore, this Study included: 


(1) standardized carcass surveys for fatalities associated with operation of the 
Project, 


(2) searcher efficiency trials to assess a searcher’s proficiency at finding carcasses, 
and 


(3) carcass persistence trials to assess the seasonal, Project-specific duration that 
carcasses remain available to be detected by a searcher. 


3.1 Standardized Carcass Surveys 


The objective of the standardized carcass surveys was to systematically survey search plots for 
bird and bat fatalities attributable to collisions with the turbine blades. The standardized searches 
were conducted between April 15 and October 31, 2019. The search interval was five surveys per 
week at every turbine for each of the following seasons: 


• Spring bird and bat migration (April 15 to June 1) 


• Summer residency and breeding (August 1 to August 31) 


• Fall bird and bat migration (September 1 to October 31) 


Winter surveys were not conducted due to lack of bird and bat activity, and site access and safety 
challenges related to ice and snow. An initial sweep of the survey area was conducted prior to 
the first survey to document and remove any fatalities that occurred prior to initiation of the 
Study. In 2019, Tetra Tech employed the same searcher as 2018 and held a refresher training on-
site prior to the start of the Study. The first standardized carcass survey was scheduled for April 
15 but, due to safety concerns from ice throw off the turbines, searches did not begin until April 
16. The last survey was completed on October 31. Survey results were differentiated for each of 
the seasons. 
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3.1.1 Turbines Sampled and Search Plot Configuration 


All eight turbines were included in the Study. Tetra Tech used a fitted distance model to ensure 
the appropriate search plot size for detecting at least 90 percent of turbine-related small bird, 
large bird, and bat fatalities (Hull and Muir 2010). Tetra Tech calculated search plot size based on 
Hull and Muir’s models for 150-meter (492-foot) turbines, which provided conservative estimates 
since the Project’s MBTH is only 137 meters (448 feet). Based on Hull and Muir’s models Tetra 
Tech determined that 90 percent of: 


• small bird fatalities can be found within 63 meters (207 feet) of a turbine; 


• large bird fatalities can be found within 93 meters (305 feet) of a turbine; and 


• bat fatalities can be found within 49 meters (161 feet) of a turbine. 


Thus, to ensure that at least 90 percent of all fatalities were detected, Tetra Tech used a radius 
of approximately 100 meters (328 feet) as the basis for each search plot (also see Section 3.2.2.4). 


Prior to the start of surveys, Tetra Tech biologists walked each search plot to delineate the 
searchable area using global positioning system (GPS) units (Appendix B). The searchable areas 
included all cleared and level areas, gravel roads, and other easily to moderately searchable areas 
within 100 meters (328 feet) of the turbines. For safety reasons, steep slopes, boulder fields, and 
other areas with unstable rocks and numerous crevices were deemed unsearchable. In addition, 
forested areas and any other areas that could not be searched efficiently also were excluded. The 
resulting search plots were irregular polygons shaped by the turbine pad and roads unique to 
each turbine site. To enhance visibility, stakes were sprayed with fluorescent orange paint to 
mark the perimeter of the search plots. Search plots were fixed for the duration of the Study.  


After the search plots were delineated in the field, the areas for habitat codes and visibility 
classes were mapped for each search plot in geographic information system data using the latest 
available aerial photography (Appendix B). Habitat codes and visibility classes were generally 
designated as follows: 


• Turbine pads/roads ->  easy 


• Slash/revegetation -> moderate 


• Rock   -> difficult  


As the season progressed and vegetation cover changed, Tetra Tech re-evaluated and mapped 
the visibility classes based on field conditions (Appendix B). Despite the irregular shapes of the 
search plots, a search pattern was used whereby transects were spaced approximately 6 meters 
(20 feet) apart and walked by a trained searcher. Transects at each of the turbines were walked 
slowly to ensure adequate time to locate bird and bat carcasses. 


3.1.2 Data Collection 


Tetra Tech’s searcher adhered to permit restrictions and strict protocols when collecting fatality 
data. Patriot applied for and received a federal Migratory Bird Special Purpose Utility Permit – 
Wind issued by USFWS (permit #MB70585C-0, valid February 15, 2018–December 31, 2020) and 
a Maine Wildlife Scientific Collection Permit issued by MDIFW (permit #2019-534, valid April 1, 
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2019–November 1, 2019; Appendix C). These permits allow for the collection, transport, and 
temporary possession of birds and bats found as fatalities at the Project.  


As feasible based on the condition of each carcass, the searcher noted species, sex, and age of 
the carcass; and recorded the date, time found, GPS location, condition (intact, scavenged, 
feather spot), observer, turbine number, and noted any indications for possible cause of death. 
An unknown number of fatalities may have resulted from natural predation, disease, or 
anthropogenic events (e.g. shooting). However, it is often too difficult to determine cause of 
death based on condition of the carcass when found. Therefore, searchers assumed that 
carcasses found within the search plots were a result of collisions with turbines, unless the cause 
of death was clearly attributable to another cause (e.g. raptor kill). 


Each carcass was photographed in situ. All data and photographs were recorded and 
georeferenced using an iPad paired with a Bad Elf GPS unit and running ArcGIS Collector. Once 
data collection for the carcass was completed, each fatality was placed in a freezer bag that was 
marked with the fatality details (species, date, and plot) and stored in a freezer at the Project’s 
operations and maintenance facility. 


3.2 Bias Correction 


Statistical fatality estimators, including the GenEst (Dalthorp et al. 2018a) estimator used in this 
study, require bias correction to produce fatality estimates that account for both observed and 
unobserved fatalities. Sources of bias include imperfect detection of carcasses present within a 
survey plot, the removal of carcasses prior to a survey opportunity, survey plots that may not 
completely capture the spatial distribution of carcasses around turbines, and incomplete 
sampling of all seasons in which fatalities may occur. Tetra Tech estimated detection bias by 
implementing combined trials of searcher efficiency and carcass persistence. These trials took 
place during each season of surveys to account for inherent differences among vegetation, land 
cover, survey methods, and scavenging animals that may exist within and among seasons.  


3.2.1 Field Methods 


Juvenile quail (Order Galliformes, 2 to 3 weeks old) were used as surrogates for small birds, and 
adult female pheasants (Order Galliformes) were used as surrogates for large birds. Some studies 
have cautioned that large carcasses can bias scavenging rates by artificially flooding sites with 
carcasses. The additional carcasses may attract predators who scavenge or remove the carcasses 
thus affecting persistence rates, and ultimately may influence the fatality estimate (Smallwood 
et al. 2010). This was observed by Tetra Tech during the persistence trials held at the Saddleback 
Ridge Wind project located approximately 12 kilometers (7 miles) northwest from the Project, 
with turkey vultures (Cathartes aura) being attracted by the carcasses (Tetra Tech 2017). 


Brown and black mice (Mus spp.; acquired from Rodent Pro in Evansville, Indiana) were used as 
surrogates for bats. The use of mice as a proxy for bats may result in conservative searcher 
efficiency estimates since, lacking wings, mouse carcasses tend to fall through taller grass and 
underbrush; whereas bat wings tend to catch on undergrowth and suspend bat carcasses in more 
visible locations. In addition, Hale and Karsten (2010) found that using mice as surrogates for bats 
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could significantly affect carcass persistence estimates. In their study, bats persisted on average 
3 days longer than mice and the shorter persistence times for mice resulted in an upward bias of 
fatality estimates for bats (Hale and Karsten 2010). 


3.2.1.1 Searcher Efficiency 


Searcher efficiency trials were conducted to estimate the percentage of bird fatalities that 
searchers were able to find. Searcher efficiency trials began at the start of standardized carcass 
searches and were conducted within established search plots. Generally, every searcher working 
on a study would be tested depending on funding, the availability of carcasses, and the schedule 
of the tester (a Tetra Tech biologist). In 2019, the Study was completed by only one searcher until 
October 25 and thus only one searcher was tested. The searcher did not know when the searcher 
efficiency trials were being conducted or the locations of the carcasses placed by the tester. The 
tester was responsible for placing carcasses in random locations within search plots, excluding 
areas where carcasses could be run over by vehicles. The remaining four days of searching 
(October 28–31) were completed by Tetra Tech biologists and searcher efficiency testing was not 
conducted. 


Carcasses used during searcher efficiency trials were mostly fresh carcasses that had been frozen. 
Based on availability, carcasses collected during Year 1 of the Study were also used. Three 
searcher efficiency trials were conducted each season (spring, summer, fall) for a total of nine 
trials. For each season, the tester distributed a minimum of 10 carcasses per size class (small bird, 
large bird, bat) for a total of 30 carcasses per season and a grand total of 90 searcher efficiency 
carcasses distributed. 


Carcasses were dropped from waist height or higher, so they would land in random poses. Each 
carcass was discreetly marked with a unique number to identify it as part of the Study (just in 
case it was accidentally discovered by wind facility personnel), and the location was logged as a 
point on a dedicated searcher efficiency trial GPS unit. For each carcass, the tester recorded the 
unique carcass number, turbine number, habitat code, visibility, and GPS point on standardized 
datasheets along with any necessary notes. 


At the end of each trial day, the searcher reviewed the datasheet, retrieved all searcher efficiency 
carcasses not already found during standardized carcass searches, and completed the datasheet 
indicating whether each searcher efficiency carcass was found. If a carcass that was not found by 
the searcher also could not be relocated with the GPS unit at the end of the trial day, it was 
assumed to have been scavenged and thus unavailable to be found by the searcher. These 
carcasses were noted on the datasheet and not included in the analysis.  


The ability of searchers to detect carcasses can be influenced by many factors, including the skill 
of the individual searcher in finding carcasses; the vegetation composition, height, or visibility 
class within the search area; and the characteristics of individual carcasses (e.g. body size, color). 
Estimates of searcher efficiency can be used to adjust carcass counts for detection bias. 
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3.2.1.2 Carcass Persistence Trials 


The objective of carcass persistence trials (also called scavenger removal trials) is to account for 
removal bias by estimating the number of days a carcass persists in a study area before it is 
removed by predation, scavenging, or by other means (e.g. driven over). It is assumed that 
carcass removal occurs at a constant rate and does not depend on the time since death of the 
organism. Estimates of carcass persistence are used to adjust the total number of carcasses found 
by the probability that a carcass was available to be found. 


Carcass persistence trials were conducted by the searcher in 30-day study periods during the 
spring, summer, and fall seasons. Ten carcasses of each category (small birds, large birds, and 
bats) were used for each seasonal carcass persistence trial for a total of 30 carcasses per season, 
and a grand total of 90 carcasses placed. As in the searcher efficiency trials, juvenile quail (2 to 3 
weeks old) were used for small birds, adult female pheasants were used for large birds, and 
brown and black mice were used for bats. Carcasses were all fresh carcasses that had been 
frozen.  


Beginning on the initial day of each carcass persistence trial (day 0), the searcher placed trial 
carcasses at random locations in habitats representative of the cover type found within search 
plots. The searcher dropped the carcasses from waist height or higher, which allowed the 
carcasses to land in random poses. Each persistence trial carcass was marked prior to dropping 
to identify it as part of the Study just in case it was accidentally found by wind facility personnel. 


To determine the date of carcass removal and minimize bias in the carcass persistence 
calculations the searcher checked on trial carcasses on days 1, 2, 3, 4, 5, 8, 14, 21, and 30 or until 
all evidence of each carcass was gone, whichever was sooner. At the end of the 30-day period, the 
searcher removed any remaining evidence of carcasses. 


3.2.2 Statistical Methods 


GenEst estimates searcher efficiency and carcass persistence using statistical models, where 
candidate models are tested against field trial data and estimates are produced from the model 
which best fits the trial data. Users select candidate models and can incorporate numerous 
predictor variables that may affect searcher efficiency and carcass persistence (e.g., season, 
carcass size; Simonis et al. 2018). Tetra Tech generally selected the best fitting models using the 
corrected Akaike Information Criterion (AICc; Akaike 1973), although other factors such as 
significant study parameters were also considered for model selection. Models with lower AICc 
values have stronger statistical support.  


3.2.2.1 Searcher Efficiency 


Tetra Tech modeled searcher efficiency in GenEst with two parameters: 𝑝, the probability that a 
carcass that is present is found during the first survey after it arrived; and 𝑘, the proportional 
reduction in the probability that a present carcass is found on each subsequent survey, which 
accounts for a decrease in searcher efficiency over time (Dalthorp et al. 2018b, Simonis et al. 
2018). In this Study, k was not calculated from empirical data at the site but assumed to be k=0.75 
for all size classes. Size class was included as a predictor variable because multiple studies have 
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shown it to strongly predict searcher efficiency (e.g., Barrientos et. al. 2018). Season was tested 
as a predictor variable because seasonal changes in visibility or other variables (e.g., vegetation 
height) may affect the ability to find a carcass (Simonis et al. 2018). 


3.2.2.2 Carcass Persistence 


Tetra Tech modeled carcass persistence by size class using a survival analysis to determine the 
median carcass persistence in days. This analysis utilizes censored exponential, Weibull, 
lognormal, and loglogistic distributions, which are fit to the carcass persistence trial data by 
maximum likelihood estimation (Dalthorp et al. 2018b). Studies have shown that carcass 
persistence varies with size of the carcass (Barrientos et al. 2018). Season was tested as a 
categorical covariate to determine the possibility of seasonal influence on scavenging activity 
(Simonis et al. 2018). The parameters of location (l), and scale (s) were used to fit carcass 
persistence probability as a function of each combination of covariates (Dalthorp et al. 2018b).   


3.2.2.3 Detection Probability  


Tetra Tech used a combination of empirical and theoretical information to estimate the spatial 
bias created by incomplete sampling of the carcass spatial distribution. Temporal bias was not 
calculated because fatalities were expected to occur throughout the sample period. Thus, Tetra 
Tech calculated the overall detection probability (ĝ) using bias correction trial data for searcher 
efficiency and carcass persistence, as well as the estimated proportion of spatial coverage of 
survey plots. The overall detection probability is used within GenEst to correct raw fatality data 
to produce a median point estimation of fatality rates and surrounding confidence intervals (CI). 


3.2.2.4 Density Weighted Proportion 


The spatial distribution of carcasses that occurs around a given turbine depends on several 
factors. Carcass spatial distribution is directly related to how far carcasses fall from the turbine 
and is influenced by the surveyed area (shape and distance from turbine), maximum blade tip 
height (MBTH), operational speed of the turbine, carcass species’ size (e.g., larger, heavier 
carcasses tend to land farther from turbines than smaller, lighter carcasses; Section 3.1.1; Hull 
and Muir 2010), and potentially wind direction (Maurer 2017). Ideally, survey plot size should 
encompass as much of the extent of the carcass spatial distribution as possible, although often, 
not all this area is searchable, and the detectability of carcasses tends to decrease with increased 
distance from the turbine (Huso and Dalthorp 2014). The proportion of the carcass distribution 
that is surveyed at any given turbine is called the density-weighted proportion (DWP) and used 
to adjust fatality estimates to accurately represent the proportion of the carcass spatial 
distribution. 


For each turbine, the proportion of the carcass spatial distribution surveyed was estimated based 
on ballistic modelling results presented in Hull and Muir (2010). The estimate of the proportion 
of the carcass distribution surveyed at an individual turbine was calculated as the product of 1) 
the percentage of a 10-meter annulus that was searchable, and 2) the proportion of the carcass 
distribution that overlapped that 10-meter annulus. The product of these values for each 10-
meter annulus of the survey plot were summed to calculate the DWP. The DWP was calculated 
for each turbine, and for each of the three carcass size classes at each turbine. 
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3.3 Fatality Estimation 


The number of fatalities occurring during the study period at survey turbines (fatality estimate) 
can be conceptualized as the total fatality divided by the detection probability (i.e., the product 
of searcher efficiency, the probability a carcass persists to the next survey, and the DWP), 
although the actual estimation is more complex. Tetra Tech used GenEst (Dalthorp et al. 2018b), 
which minimizes bias in fatality estimates, to estimate fatalities. When a specific turbine had 
associated fatalities, each fatality was adjusted based on its specific detection probability. Fatality 
estimates were then generated for selected output categories (e.g., bats and birds), and a 
corresponding CI, set to 90 percent, was calculated. 


Fatality estimates were calculated on a per turbine basis, per megawatt, as well as overall 
turbines for four categories: 1) all birds, 2) small birds, 3) large birds, and 4) bats. Fatality rate 
estimates were only presented for groups or species with a sufficient sample size to accurately 
determine an estimate. Tetra Tech selected four fatalities as minimum sample size to maintain 
model stability (Dan Dalthorp, May 30, 2019, pers. comm.). Estimates were calculated for the 
sub-categories of small birds and large birds to provide a metric comparable against other 
studies. These estimates, however, are not independent of the all-bird category.  


The Evidence of Absence (EoA) software package (Dalthorp et al. 2017) was used to address the 
problem of estimating numbers of fatalities over an extended period by using systematic counts 
of carcasses and adjustments of the carcass counts to account for imperfect detection. Imperfect 
detection may be due to any of several possible detection biases, for example: (1) search teams 
fail to find carcasses that are present in the searched area at the time of the search, (2) 
scavengers remove carcasses before searches are conducted, (3) carcasses fall outside the 
searched area, or (4) fatalities occur outside the monitored period. The EoA software utilizes site-
specific survey data including search interval, searcher efficiency, carcass persistence time, and 
observed fatalities to provide an estimate of the total fatality and quantifies the uncertainty 
associated with the estimation. 


 RESULTS 


4.1 Standardized Carcass Searches 


Fatality estimates for the Project are based on three seasons (spring, summer, and fall) of data 
collected April 15–June 1, August 1–August 31, and September 1–October 31, 2019. All eight 
turbines were searched 5 days a week each season, resulting in more than 700 turbine searches 
over a 21-week period; this does not include any days where weather precluded access to the 
Project, or maintenance-related safety hazards prevented access to individual turbines. Eight bird 
fatalities and one bat fatality were collected and recorded (Table 1; Appendix B). No incidental 
fatalities were detected during the 2019 Study. 
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Table 1. Summary of Bird and Bat Fatalities Found during Carcass Searches at the Canton 
Mountain Wind Project, Year 2 (2019) 


Date Found Size Class Species Season Turbine 


Distance 
to 


Turbine 
(meters) 


Visibility 
Class 


4/26/2019 Small Bird 
Ruby-crowned kinglet 


(Regulus calendula) 
Spring 3 51 Easy 


5/1/2019 Small Bird 
Eastern wood-pewee1 


(Contopus virens) 
Spring 3 40 Easy 


5/7/2019 Small Bird 
Golden-crowned 


kinglet 
(Regulus satrapa) 


Spring 3 37 Easy 


5/27/2019 Small Bird 
Magnolia warbler 


(Dendroica magnolia) 
Spring 3 61 Easy 


5/31/2019 Small Bird 
Palm warbler 


(Dendroica palmarum) 
Spring 3 28 Easy 


8/16/2019 Bat 
Hoary bat1 


(Lasiurus cinereus) 
Summer 4 17 Moderate 


9/13/2019 Small Bird 
Magnolia warbler 


(Dendroica magnolia) 
Fall 1 19 Easy 


10/24/2019 Small Bird 
Golden-crowned 


kinglet 
(Regulus satrapa) 


Fall 5 8 Moderate 


10/28/2019 Large Bird 
Broad-winged Hawk 


(Contopus virens) 
Fall 4 37 Easy 


1Species of Conservation Concern (MDIFW 2020) 


4.1.1 Birds 


Eight bird fatalities were detected during standardized carcass surveys. Fatalities consisted of 
seven songbirds and one hawk. Two songbird species were detected more than once; golden-
crowned kinglet (Regulus satrapa; n=2) and magnolia warbler (Dendroica magnolia; n=2); all 
other species were only detected once. No federal-listed or state-listed threatened or 
endangered bird species were documented as fatalities.  One fatality, the eastern wood-pewee 
(Contopus virens), is a species of conservation concern in Maine (MDIFW 2020). All the identified 
bird species are protected under the Migratory Bird Treaty Act (USFWS 2013).  


Most of the bird fatalities (n=5) were found during the spring migration season, followed by the 
fall migration season (n=3). No bird fatalities were found during the summer residency and 
breeding season. Fatalities occurred at four of the eight turbines during the survey period, with 
most fatalities documented at turbine 3 (n=5), two fatalities at turbine 4, and one fatality each 
at turbines 1 and 5. 
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Carcass distribution averaged approximately 33 meters (108 feet) from turbines with the closest 
bird fatality found approximately 8 meters (26 feet) from Turbine 5, and the farthest fatality 
found approximately 61 meters (200 feet) from Turbine 3 (Table 1; Appendix B). Most of the bird 
fatalities (n=7) were found in areas where visibility was easy, with the remaining fatality found in 
an area with moderate visibility (n=1). 


4.1.2 Bats 


One bat fatality (n=1), a hoary bat (Lasiurus cinereus), was found 17 meters (56 feet) from Turbine 
4 in an area with moderate visibility. This bat fatality was the only fatality recorded during the 
2019 survey. The hoary bat is a species of conservation concern in Maine (MDIFW 2020). 


4.2 Protected or Sensitive Species 


No federal or state-listed threatened or endangered species were detected during the Study 
(USFWS 2019, MDIFW 2020). Two Maine species of conservation concern (hoary bat [n=1] and 
eastern wood-pewee [n=1]; MDIFW 2020) were detected during the Study. No Birds of 
Conservation Concern for BCR 14 – Atlantic Northern Forests were detected as fatalities during 
this Study (USFWS 2008). 


4.3 Bias Correction 


4.3.1 Searcher Efficiency Trials 


Nine searcher efficiency trials were conducted in spring, summer, and fall between April 15 and 
October 31, 2019 with three per season. Of the carcasses placed, 30 small birds, 30 large birds, 
and 30 black mice (bat surrogates) were available to be found by the searcher. The effects of size 
class and season on searcher efficiency were evaluated. The best fit model for searcher efficiency 
included size class, but not season. Searcher efficiency ranged from 0.38 for small birds to 0.65 
for large birds and bats (Table 2). 


Table 2. Searcher Efficiency with 90 Percent Confidence Intervals at the Canton Mountain 
Wind Project, Year 2 (2019) 


Model Searcher Efficiency Lower 90% CI Upper 90% CI 


Small Birds 0.53 0.38 0.68 


Large Birds 0.65 0.65 0.89 


Bats 0.67 0.51 0.79 


Factors=p~size; AICc=115.95; ΔAICc=0 


4.3.2 Carcass Persistence Trials 


Three carcass persistence trials were conducted during the study, one in each season. Trials were 
initiated on April 29, August 5, and September 9, 2019. A total of 90 carcasses (30 small birds, 30 
large birds, 30 mice) were placed over the course of the three trials (Table 3). The effects of size 
and season on carcass persistence were evaluated using a loglogistic distribution. Probability of 
persistence was variable by size class, with median carcass persistence times ranging from 0.48 
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days for mice in all seasons to 5.86 days for large birds in all seasons (Table 3). Mice in the spring 
had the lowest median persistence (0.34 days) and large birds in the summer had the highest 
median persistence (8.13 days). Mice in the spring and fall were least likely to persist to 14 days 
(0.04), and large birds in the summer were most likely to persist to 14 days (0.61).  


Table 3. Carcass Persistence with 90 Percent Confidence Interval at the Canton Mountain 
Wind Project, Year 2 (2019) 


Model Season Placed 
Median 


Persistence 
(days) 


90% CI (days) 
Probability of 
Persistence to 


14 days 


Small Birds 
Spring 


Summer 
Fall 


10 
10 
10 


0.76 
1.48 
0.96 


0.52–1.12 
1.06–2.07 
0.67–1.38 


0.08 
0.15 
0.10 


Large Birds 
Spring 


Summer 
Fall 


10 
10 
10 


4.19 
8.13 
5.27 


3.00–5.85 
5.90–11.22 
3.79–7.33 


0.38 
0.61 
0.45 


Mice 
Spring 


Summer 
Fall 


10 
10 
10 


0.34 
0.66 
0.43 


0.20–0.57 
0.43–1.02 
0.26–0.70 


0.04 
0.07 
0.04 


Distribution=Loglogistic; Factors=l~size+season, s~constant; AICc=276.98; ΔAICc=0 


4.3.3 Density Weighted Proportion 


The DWP for each road and pad configuration at each turbine was unique; therefore, DWPs were 
calculated per carcass size class for each turbine (Table 4). Across all turbines, the overall carcass 
distribution searched was highest for bats (0.55), followed by small birds (0.42), and large birds 
(0.20). The overall carcass distribution searched was lowest for large birds at Turbine 2 (0.13) and 
highest for bats at Turbine 6 (0.84). 
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Table 4. Estimated Proportion of Carcass Distribution Surveyed by Turbine and Carcass 
Size at the Canton Mountain Wind Project, Year 2 (2019) 


Turbine 
Proportion of Small Bird 


Distribution Searched 
Proportion of Large Bird 


Distribution Searched 
Proportion of Bat 


Distribution Searched 


1 0.42 0.15 0.49 


2 0.43 0.13 0.43 


3 0.50 0.19 0.47 


4 0.35 0.16 0.43 


5 0.57 0.24 0.60 


6 0.69 0.40 0.84 


7 0.41 0.15 0.60 


8 0.42 0.14 0.51 


Overall Carcass 
Distribution Searched 


0.42 0.20 0.55 


 


4.3.4 Detection Probability 


Based on the results of searcher efficiency and carcass persistence, the probability that a carcass 
would be detected (ĝ) was estimated for each size class for each season. These values, however, 
do not capture the DWP at individual turbines. Detection probability ranged from 0.29 for bats 
in the spring to 0.97 for large birds in the summer (Table 5). Median detection probability for all 
three seasons was highest for large birds (ĝ=0.95), followed by small birds (ĝ=0.50), and bats had 
the lowest median detection probability (ĝ=0.37). Median detection probability for all carcass 
sizes was highest in the summer (ĝ=0.68), followed by the fall (ĝ=0.59), and then lowest in the 
spring (ĝ=0.55). 


Table 5. Detection Probability (ĝ) with 90 Percent Confidence Intervals at the Canton 
Mountain Wind Project, Year 2 (2019) 


Carcass Size Season ĝ (median) 90% CI 


Small Birds 
Spring 


Summer 
Fall 


0.43 
0.60 
0.49 


0.30–0.58 
0.44–0.73 
0.34–0.62 


Large Birds 
Spring 


Summer 
Fall 


0.93 
0.97 
0.95 


0.86–0.97 
0.93–0.99 
0.89–0.98 


Bats 
Spring 


Summer 
Fall 


0.29 
0.47 
0.35 


0.18–0.43 
0.32–0.61 
0.23–0.50 
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4.4 Fatality Estimates  


The observed numbers of fatalities for small birds and all birds at the Project during standardized 
searches were analyzed and adjusted using the GenEst generalized mortality estimator (Table 6). 
Two detection bias parameters were corrected for in the post-construction fatality estimates: 
probability of detection (searcher efficiency) and probability of persistence between checks 
(carcass persistence). All the Project turbines were searched; therefore, no adjustment for the 
proportion of turbines searched was required. 


Table 6. Fatality Estimates for the Canton Mountain Wind Project, Year 2 (2019) 


Group/Species 
Number of 
Fatalities 


(n) 


Estimated 
Fatalities 
for Site 


Estimated 
Fatalities 


per Turbine 


Estimated 
Fatalities 
per MW 


Confidence 
Interval (CI) 


Estimator 


Small Birds 7 50.80 6.35 2.31 90% GenEst 


Large Birds1 1 4.00 0.50 0.18 95% EoA 


All Birds 8 54.33 6.79 2.47 90% GenEst 


Bat2 1 3.00 0.38 0.14 95% EoA 
1M*=4; Estimated g=0.517, 95% CI=[0.47, 0.56]; Fitted beta distribution parameters: Ba=245.35, B =229.44 
2M*=3; Estimated g = 0.62, 95% CI=[0.32, 0.87]; Fitted beta distribution parameters: Ba=6.51, Bb=4.02 


4.4.1 Birds 


The site total estimate for avian fatalities (all birds) was 54.33 fatalities per year and the per-
turbine estimate was 6.79 fatalities per year. Thus, one bird carcass found in the field scales up 
to 6.79 fatalities. The per-megawatt estimate for the Project is 2.47 bird fatalities per megawatt. 
The site total estimate for small birds was 50.80 fatalities per year. One large bird carcass was 
found, therefore Tetra Tech modeled large bird fatalities using the EoA software package 
(Dalthorp et al. 2017). Fatalities were estimated by season using the Single Class Module v2.0.3 
to provide season-specific fatality estimates and probability functions (g) that indicate the 
likelihood that the estimated fatality (M*) is equal to actual fatality (M). Based on the results, the 
probability that the true number of large bird fatalities for each season was less than or equal to 
4 is at least 80 percent, the per-turbine estimate for large birds was 0.50 bat fatalities per year, 
and the per-megawatt estimate would be 0.18 large birds per megawatt (Table 6). 


4.4.2 Bats 


One bat carcass, a hoary bat was found during the 2019 surveys. Due to the low numbers found, 
Tetra Tech modelled bat fatalities using the EoA software package (Dalthorp et al. 2017). 
Fatalities were estimated by season using the Single Class Module v2.0.3 to provide season-
specific fatality estimates and probability functions (g) that indicate the likelihood that the 
estimated fatality (M*) is equal to actual fatality (M). Based on the results, the probability that 
the true number of bat fatalities for each season was less than or equal to 3 is at least 80 percent, 
the per-turbine estimate for bats was 0.38 bat fatalities per year, and the per-megawatt estimate 
would be 0.14 bats per megawatt (Table 6). 
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 DISCUSSION 


As the development of wind power-generating facilities has increased, so has the importance of 
understanding potential environmental impacts from those facilities. Birds and bats have been 
identified as wildlife groups at risk due to collisions or other interactions with wind turbines 
(Strickland et al. 2011, Manville 2016). Estimates of avian fatality rates from publicly available 
post-construction monitoring studies at wind energy facilities distributed throughout the country 
initially ranged from 0.5 to 13.9 bird fatalities per megawatt per year. After adjusting for 
detection bias, however, that range was reduced to 3 to 5 fatalities per megawatt per year 
(Strickland et al 2011, Loss et al. 2013, Erickson et al. 2014, AWWI 2015). Detection biases may 
result from regional variation in fatality rates that, in part, may be due to inconsistent data 
availability between regions (Strickland et al. 2011, AWWI 2015). Furthermore, research suggests 
that post-construction fatality monitoring efforts from 1995 to 2011 were often inadequate for 
identifying all species that may have collided with turbines, particularly rare species (Beston et 
al. 2015). 


Most observations of avian fatalities at wind farms have been songbirds, which is consistent with 
this Study. However, raptor fatality has historically received the most attention. Early wind 
energy projects in the West were constructed with shorter lattice towers and faster-moving 
blades in open mountainous areas. In addition, some projects (e.g. Altamont Pass Wind Resource 
Area) were poorly sited in areas where a concentration of golden eagles (Aquila chrysaetos) 
hunted for prey. These factors contributed to the higher rate of golden eagle fatalities at early 
wind energy projects (Arnett et al. 2007). Raptor mortality at newer wind projects has been low 
relative to older-generation wind farms, although there is substantial regional variation in raptor 
fatality rates. This can be attributed to improved wind turbine technology as well as early stage 
pre-construction wildlife surveys and avoidance/minimization techniques (Erickson et al. 2002, 
2004; Johnson et al. 2002; Kerns and Kerlinger 2004; Jain et al. 2007). 


Wind turbines also have been linked to bat fatalities (Kunz et al. 2007, Arnett et al. 2008), 
particularly for migratory tree-roosting bats. Within the U.S., bat fatality rates vary by season and 
location and have been highest at facilities on forested ridges in the mid-Atlantic (range: 15.3–
53.3 fatalities/megawatt/year) and lowest in the Rocky Mountain and Pacific Northwest regions 
(range: 0.7–3.4 fatalities/megawatt/year; Arnett et al. 2008). Bird and bat fatality patterns have 
been best documented in the Northwest and East Coast regions of the U.S., though publicly 
available regional data for the Northeast are more limited. Fatality monitoring studies also have 
associated wind turbine operations with bat fatality at multiple locations worldwide (Durr and 
Bach 2004, Kunz et al. 2007, Arnett et al. 2008). 


5.1 Birds 


No federal-listed or state-listed threatened or endangered species were documented during this 
Study. Eastern-wood pewee, however, is identified as a Maine species of special concern (MDIFW 
2020) and was one of the fatalities found during this Study. The highest number of bird fatalities 
at the Project was found in the spring migration season (n=5); followed by the fall migration 
season (n=3). No bird fatalities were found during the summer. 
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5.2 Bats 


No bat fatalities were documented in 2018, but one bat fatality (hoary bat) was documented at 
the Project in 2019. The bat fatality estimate for the Project, was based on the EoA model which 
works under the assumption that imperfect detection exists (Section 3.3) and uses the DWP 
calculated for bats to estimate fatality (Dalthorp et al. 2017). Compared to 0.4 at the Project, bat 
fatalities per turbine per year at other operational wind energy developments in Maine ranged 
from 0.2 (Rollins 2012) to 6.8 (Record Hill 2012) with an average of 1.5 (Table 7). Bat fatalities per 
megawatt per year ranged from 0.1 (Rollins 2012) to 3.0 (Record Hill 2012) with an average of 
0.7 compared to 0.1 at the Project. These comparisons come with the caveat that the EoA model 
was first officially released in 2014 and then revised in 2017, so the model may not have been 
available when the studies from other wind energy projects were conducted. 


Causes of bat fatality include direct collision with moving turbine blades (Horn et al. 2008) and, 
to a lesser extent, pulmonary barotrauma. Barotrauma is damage to lung tissue resulting from 
rapid changes in air pressure experienced when a bat flies through a low air-pressure field near 
spinning blades (Baerwald et al. 2008), though the overall percentage of fatalities attributable to 
this phenomenon is under debate (Rollins et al. 2012). There is little known about what influences 
bat fatality at a wind farm, but several hypotheses have been proposed (Kunz et al. 2007, Arnett 
et al. 2008, Cryan and Barclay 2009, Rydell et al. 2010). The current leading hypotheses are that 
bats are attracted to turbines for potential roosting locations (Kunz et al. 2007), potential pairing 
or mating stations (Cryan and Barclay 2009) or are foraging on accumulations of insects around 
turbine rotors (Rydell et al. 2010). Recent published research conducted in Latvia found that 
some bat species exhibited higher flight activity and were drawn to red LED lights (like the FAA 
hazard lights installed on Turbines 1, 4, 7, and 8), and increased foraging activity in response to 
warm-white LED lights (Voigt et al. 2018). Regardless of the ultimate causes of bat fatalities, two 
general patterns of fatalities are consistent across nearly all wind energy facilities: 1) migratory 
tree-roosting bats comprise most of the bat fatalities, and 2) most bat fatalities occur during late 
summer and early fall, coinciding with fall migration (Arnett et al. 2008, Arnett et al. 2013). 


In 2010, during development of the Project, Tetra Tech conducted a bat acoustic survey at the 
Project site and documented three long-distance migratory bat species which are state-listed 
species of special concern: the hoary bat, the silver- haired bat (Lasionycteris noctivagans), and 
the eastern red bat (Lasiurus borealis). Call sequences attributed to these species represented 
approximately 9 percent of all call sequences recorded during the test period. 


The hoary bat and eastern red bat are both migratory tree-roosting species and both are known 
to be susceptible to turbine collisions. Fatalities of hoary bats and eastern red bats have been 
documented at other wind projects in Maine and New Hampshire and may occur at the Project 
in the future (Poulton 2010, Stantec 2009, Tidhar et al. 2010, Tetra Tech 2013). 
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Table 7. Comparison of Bat Fatality Estimates at Wind Energy Projects in Maine. 


Wind Project Habitat Year Estimator 
Mean Annual Bat Fatality Estimate 


Per Turbine/Year Per MW/Year 


Canton Mountain Forested Ridge 2019 EoA 0.4 0.1 


Canton Mountain Forested Ridge 2018 EoA 0.4 0.1 


Hancock Forested Ridge 2017 Huso 1.0 0.3 


Kibby Forested Ridge 2014 Huso 0.5 0.2 


Record Hill Forested Ridge 2012 Huso 6.8 3.0 


Record Hill Forested Ridge 2014 Huso 1.2 0.5 


Rollins Forested Ridge 2012 Huso 0.2 0.1 


Rollins Forested Ridge 2014 Huso 0.5 0.3 


Saddleback Ridge Forested Ridge 2016 Huso 0.9 0.3 


Spruce Mountain Forested Ridge 2012 Huso 2.4 1.2 


Spruce Mountain Forested Ridge 2014 Huso 0.6 0.3 


Stetson Forested Ridge 2012 Huso 2.1 1.4 


Stetson Forested Ridge 2013 Huso 0.3 0.2 


Stetson Forested Ridge 2014 Huso 1.3 0.9 


Sources: Stantec Consulting 2012a, 2012b, 2012c, 2014, 2015a, 2015b, 2015c; Tetra Tech 2013, 2015, 2017, 2019; 
TRC 2015, 2017 
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1.0 INTRODUCTION 


Canton Mountain Wind, LLC (CMW) is constructing the Canton Mountain Wind Project (Project) in the 
towns of Canton and Dixfield, Maine. This Post-construction Monitoring Plan (Plan) provides details about 
the protocol that will be used to estimate bird and bat fatalities once the Project becomes operational. 
Post-construction bird and bat fatality monitoring is required as a permit condition under Maine’s Site 
Location of Development Act and Natural Resources Protection Act to ensure that there are no 
unreasonable adverse impacts on birds and bats. 


 Canton Mountain Wind Project 


The Project consists of eight turbines along the ridgeline of Canton Mountain. The turbine models will be 
GE 2.85-103. Each GE 2.85-103 turbine is capable of generating up to 2.85 megawatts (MW) of electricity 
per hour, and is approximately 279 feet (85 meters) from the ground to the top of the tower. The total 
height from the ground to the tip of a fully extended blade is approximately 448 feet (136.5 meters), and 
the rotor diameter is approximately 338 feet (103 meters).  


 Objectives of Post-construction Bird and Bat Fatality Monitoring 


The primary objective of the post-construction fatality study is to estimate avian and bat fatality at the 
Project during years 1, 2, and 3 after commercial operation. This objective is achieved by identifying the 
number of individual fatalities by species at each turbine during three biological periods (spring bird and 
bat migration, summer residency and breeding, and fall bird and bat migration). In order to estimate the 
annual fatality rates of birds and bats, CMW will conduct standardized searches of specified areas 
surrounding turbines, coupled with searcher efficiency trials and carcass persistence trials. 


 Overview of Methods 


This Plan describes the survey methods proposed for post-construction avian and bat fatality monitoring 
for the Project and outlines a process for data collection and analyses. Data will ultimately be used to 
estimate avian and bat fatality rates at the Project. Wind farm-related fatality estimation is based on the 
number of carcasses found during carcass searches conducted under operating turbines. Both the ability 
of searchers to detect carcasses (searcher efficiency) and the duration that a carcass persists onsite before 
detected by searchers (carcass persistence time) can bias the number of carcasses located during 
standardized searches. Therefore, this Plan includes: 


1. Standardized carcass searches for fatalities associated with operation of the Project; 


2. Searcher efficiency trials to assess observer proficiency in finding carcasses; and 


3. Carcass persistence trials to assess the seasonal, Project-specific duration that a carcass remains 
available to be detected by searchers. 


Annual fatality rates will then be calculated by correcting for the bias (i.e., underestimation) due to 
searcher efficiency and carcass persistence rates by using an equation that accounts for the number of 
turbines searched, searcher efficiency, and carcass persistence (Huso 2011). 


The proposed level of effort and methods in this Plan are consistent with, and in many respects more 
stringent than, similar fatality monitoring survey protocols for commercial-scale wind energy facilities in 
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Maine and throughout the U.S. (Erickson et al. 2001, Arnett et al. 2005, Fiedler et al. 2007, Jain et al. 2007, 
Tierney 2007, Gehring et al. 2011, Huso 2011, Strickland et al. 2011). 


2.0 STANDARDIZED CARCASS SEARCHES 


Standardized carcass searches provide the basis for generating fatality estimates and include three major 
components: 1) search plot size and configuration, 2) sampling duration and intensity, and 3) fatality 
documentation.  


 Search Plot Size and Configuration 


All eight turbines will be searched. Tetra Tech initially will identify a survey plot centered on each turbine 
that will extend a maximum of 90 meters (297 feet) in each cardinal compass direction from the turbine. 
However, due to the topography and the forested landscape at the Project area some portions of the 
search plot will be deemed unsearchable; thus, carcass searches will be limited to the cleared area around 
the turbine pad and access road in these locations. The searchable area will be mapped for each turbine 
to calculate the actual area searched. Because fatalities are not uniformly distributed (i.e., more fatalities 
fall closer to the turbine). Tetra Tech will use publicly available information from 25 studies (containing 
data for 1,700 carcass distances) to calculate the proportion of the fatality distribution that was searched 
and then use a correction factor in the analysis to statistically account for potential carcass distribution in 
the unsearchable area. 


 Sampling Duration and Intensity 


Surveys will be conducted during years 1, 2 and 3 following commercial operation, with survey results 
differentiated for each of the following three seasons: 


• Spring (April 15–June 1), 


• Summer (August 1–September 1), 


• Fall (September 1–October 15). 


Five searches will be conducted per week (5 times/5 days) for each survey season.  


 Fatality Documentation 


During the set-up of sample plots for carcass surveys, a sweep survey will be conducted to remove any 
fatalities that occur within the survey area before the study is initiated. These carcasses will be 
documented in the same manner as those found during the standardized carcass searches; however, they 
will not be included in the statistical analysis as the statistical analysis requires a known search interval 
(i.e., an estimate of when fatalities occurred). 


Searchers will assume that carcasses found are a result of collisions with the towers or blades, unless the 
cause of death can be clearly attributed to another cause. Although an unknown number of fatalities may 
result from natural predation, disease, or anthropogenic events (e.g., shooting), the condition of the 
carcasses when found rarely facilitates determining the cause of death. 


During searches surveyors will count, locate, and record bird and bat carcasses found around each turbine. 
Searches will be conducted at all eight turbines five days per week for the survey period.  







Canton Mountain Wind Project FINAL 
Post-construction Monitoring Plan June 2017 


 


3 
 


Searches will consist of north to south-oriented transects, spaced 6 meters (20 feet) apart, walked by 
trained individuals within the searchable footprint. Carcasses will be detected visually. Field surveyors will 
be trained in implementation of the search protocol in advance of the first searches. Transects at each of 
the turbines will be walked slowly to visually locate bird and bat carcasses, including portions of carcasses. 
GPS coordinates for carcass locations will be recorded during the searches. It is expected that searches 
will require between 60 and 90 minutes per turbine.  


A standardized data sheet will be used for each search at each turbine. The data sheet will include detailed 
weather observations, time, date, and observer name and carcass species identification. Weather 
conditions from the day prior to the surveys will be collected from local and national weather databases. 
On-site weather observations will be made using handheld anemometers and recorded on standardized 
data sheets. Data sheets will include temperature, cloud cover, wind direction and speed. Estimates of 
visibility conditions the night prior to the surveys will be made based on percent cloud cover and the 
presence of fog.  


Carcasses found during standardized carcass searches will be labeled with a unique number. Data 
collected for each carcass will include: 


1. Digital photographs of each carcass, including: 


a. the position in which it was found; 


b. the dorsal and ventral sides; 


c. photos that indicate the gender and reproductive condition of bats (if possible); and 


d. any identifying characteristics such as bill, foot, wing or tail shape, and plumage coloration 
for birds. 


2. Additional data collection will include: 


a. turbine number; 


b. location on plot marked with GPS coordinates; 


c. distance (estimated with a laser rangefinder) and cardinal direction from turbine; 


d. distance and bearing from transect from which it was first spotted; 


e. condition of carcass (whole or partial, extent of injury and some measure of 
decomposition to estimate time of death); 


f. position of carcass (face-up/down, sprawled, balled up, etc.); 


g. species, age and sex, if determinable; and 


h. substrate conditions when found (gravel, short/long grass, crops, brush, etc). 


Searches will be performed during weather conditions likely to provide the best opportunity to find 
carcasses (i.e. no fog, heavy precipitation, or lightning), and will last from shortly after sunrise until all 
turbines have been surveyed. If a survey cannot be completed due to adverse weather conditions, it will 
be rescheduled for the next day with suitable conditions. Carcasses found during the survey effort will be 
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cataloged and stored in a freezer. Carcasses of any special-status species will be handled as directed by 
USFWS or MDIFW. If observers cannot determine species type, MDIFW staff or a managing biologist will 
be asked to assist in species identification efforts. All feather spots/clumps of feathers will be considered 
an unknown bird species and considered a fatality and will be included in the fatality estimate. Any 
significant fatality event consisting of five or more fatalities at a single turbine, or a total of 20 or more 
fatalities in an event shall be reported to both MDIFW and MDEP within one week. Any fatality event that 
includes a state or federally listed endangered or threatened Species will be reported to MDIFW and 
MDEP within 24 hours. USFWS will also be notified if any federally listed Endangered or Threatened 
Species are found. A special-use collection permit will be obtained prior to the collection of these 
carcasses. 


3.0 CARCASS PERSISTENCE TRIALS 


Carcass persistence trials will be conducted in order to estimate how long carcasses remain on-site, 
undisturbed by scavengers. Carcass persistence times will be monitored using no less than 30 specimens 
per trial and will be performed three times per year (spring, summer, and fall). Carcasses will include all 
three size classes (10 small, 10 medium, and 10 bats [or tailless mice, as bat surrogates]). Medium birds 
may include purchased quail or chukkar; small birds may consist of European starlings, house sparrows, 
or young quail. Bat surrogates will consist of bats (if possible) or brown or black mice. 


Carcass persistence trials will be conducted by the carcass surveyors. Each carcass used for the carcass 
removal trial will be placed randomly within the area beneath turbines. Carcasses will be dropped from 
waist high and allowed to land in a random posture. Each trial carcass will be discreetly marked (e.g., small 
tag or wire wrapped around one leg) prior to dropping so that it can be identified as a study carcass if it is 
found by other searchers or wind facility personnel. Locations of the trial carcasses will be recorded using 
a handheld GPS.  


Personnel conducting carcass searches will monitor the trial carcasses on days 1, 2, 3, 4, 7, 10, 14, 21, and 
30 of the 30-day trial period. This period of frequently monitored carcass persistence trials will allow Tetra 
Tech to assess the validity of search interval and to possibly adjust the interval length, depending on the 
site-specific results. This long interval will also incorporate the effects of varying weather, climatic 
conditions, and scavenger densities. This methodology differs from other post-construction studies in 
which the carcasses are monitored with longer intervals between checks. By doing frequent checks, Tetra 
Tech will know the date when the carcass is removed, which provides a more accurate estimate of the 
total number of fatalities.  


When checking the carcass, searchers will record the condition as intact (normal stages of decomposition), 
scavenged (feathers pulled out, chewed on, or parts missing), feather spot (only feathers left), or 
completely gone. Changes in carcasses condition will be cataloged with pictures and detailed notes; 
photographs will be taken at placement and any time major changes have occurred. At the end of the 30-
day period, any evidence of the carcasses that remain will be removed and properly disposed. 


4.0 SEARCHER EFFICIENCY TRIALS 


In order to produce the best fatality estimates, searcher efficiency trials will be conducted during each 
season of the survey period to rate the ability of searchers to find carcasses. At least 90 carcasses will be 
used for the searcher efficiency trials in a total of 9 trials. Searcher efficiency trials will occur throughout 
the survey period with three trials occurring each season (spring, summer, and fall). A minimum of 10 
carcasses per size class (medium bird, small bird, and bat) will be used per season. Personnel conducting 
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the searches will not know when trials are conducted or the location of the efficiency-trial carcasses. Trials 
will be conducted randomly throughout each season and will test each member of the field crew on 
multiple occasions. Prior to the carcass search and unbeknownst to the searchers, carcasses will be placed 
at stratified random locations within areas being searched on the same day. Carcasses will be dropped 
from waist height or higher and allowed to land in a random posture. Each trial carcass will be discreetly 
marked (e.g., small tag or wire wrapped around one leg) prior to dropping so that it can be identified as a 
study carcass after it is found. The number and location of the detection carcasses found during the search 
will be recorded. The number of carcasses placed prior to the search (i.e., the number available for 
detection during each trial) will be verified immediately after the trial by the person responsible for 
distributing the carcasses. Any carcasses not found will be collected immediately after the trial.  


5.0 FATALITY ESTIMATION 


Fatalities at wind projects are statistically estimated because searcher efficiency is less than 100 percent 
(i.e., searchers sometimes miss carcasses) and carcass persistence is often shorter than the search interval 
(i.e., fatalities are missed because the carcass is removed by scavengers before it can be counted by 
searchers). Therefore, to estimate fatalities and account for these potential study biases, the Huso 
estimator (Huso 2011, Huso et al. 2012) will be used, which has been shown to reduce bias in fatality 
estimates.  


The Huso estimator generates fatality estimates using the following equation: 


𝑓𝑖𝑗𝑘 = 
𝑐𝑖𝑗𝑘


𝑝𝑗𝑘∗ �̂�𝑗𝑘∗ �̂�𝑗𝑘
 


Where 𝑓𝑖𝑗𝑘 was the estimated fatality at the ith turbine during the jth search in the kth category and 𝑐𝑖𝑗𝑘  


was the observed number of carcasses at the ith turbine during the jth search in the kth category. The 
variable �̂�𝑗𝑘 is a function of the average carcass persistence time, which was described earlier, and the 


length of the search interval preceding a carcass being discovered. The variable �̂�𝑗𝑘 was calculated using 


the lower value of 𝐼, the actual search interval when a carcass was found or 𝐼,̂̃ the effective search interval, 
and was estimated through searcher efficiency trials previously described. 𝑣𝑗𝑘 is the proportion of the 


effective search interval sampled where 𝑣 = min (1, 𝐼 𝐼⁄ ). �̂�𝑗𝑘  is the estimated probability that a carcass in 


the kth category that was available to be found was found during the jth search. The variables �̂�𝑗𝑘, �̂�𝑗𝑘, and 


𝑣𝑗𝑘  are assumed not to differ among search plots but can differ with carcass type, size class, and season. 


To obtain an estimate of the number of fatalities per turbine the following equation was used: 


𝑓 =
∑ ∑ ∑ 𝑓𝑖𝑗𝑘


2
𝑘=1


𝑛𝑖
𝑗=1


𝑢
𝑖=1


𝑡
 


Where ni is the number of searches at turbine i (i = 1…u) and t is the number of turbines searched.  


A simple example can illustrate how detection-bias parameters (searcher efficiency, probability of carcass 
persistence, and proportion of carcass distribution searched) can affect the fatality estimate. Assume that 
searcher efficiency = 0.5, probability of carcass persistence = 0.5, and proportion of carcass distribution 
area searched = 0.75. The number of fatalities found is divided by the product of the detection bias 
parameters. If one carcass is found, it is divided by 0.19 (= 0.5 × 0.5 × 0.75). Thus, in this example for each 
carcass found, 5.26 fatalities are estimated. 
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Variation in the fatality estimate typically results from 2 major components: 1) variance in the fatalities 
detected among turbines (sample variance), and 2) variance in the modeled fatality estimate (model 
variance) arising from variance in the detection bias (searcher efficiency and carcass persistence). 
Fatalities occur as discrete counts (i.e., they occur as whole numbers) and the more turbines that are 
searched the lower the sample variance. When not all turbines are sampled, the fatality rate estimated 
for the sampled turbines is scaled to all turbines to obtain the estimated total for the project. 


In areas with low bird activity during winter, such as Maine, fatalities are assumed to be negligible during 
winter, and fatality estimates are typically reported per year even though carcass searches are frequently 
not conducted during winter (e.g., Gruver et al. 2009). Therefore, fatality estimates calculated for spring, 
summer, and fall will be combined and reported as “fatalities per year”.  


 Incidental Fatality Observations  


Operations of the Project will require maintenance and operational tasks. Facility operation and 
management staff will spend the greatest amount of time onsite and will become the most familiar with 
the turbines and surrounding areas. These personnel provide a great opportunity for incidental avian and 
bat fatality monitoring efforts.  


Training of facility operators and management staff will be undertaken during the initial month of post-
construction monitoring surveys. A method for standardizing incidental fatality observations will be 
developed and data sheets will be provided to all facility staff. Incidental fatality monitoring duties will 
not conflict with the safety of facility personnel or their core responsibilities of operating the wind facility. 
All incidental carcasses found by staff will be reported to MDIFW. 


The incidental monitoring data will also be collected between years of proposed standardized fatality 
searches. Incidental data will be compiled at the wind facility and included in the final monitoring reports; 
however, the data will not be included in the total abundance estimator described below, as it will not 
meet the assumptions of the statistical model being employed. 


 Fatality Reporting  


The results of the fatality searches, scavenger removal trials, searcher efficiency trials, and avian radar will 
be provided in a report prepared after the conclusion of each year of field surveys. Incidental fatality 
observations by CMW personnel will also be included in the reporting (but not in the rate estimate). In 
addition to annual reports, all the long form raw data (i.e. all the data factors and not just summary data) 
from the Project will be submitted to MDIFW. The data submittal to MDIFW will include tabular and 
associated GIS fatality data, searcher efficiency data, persistence data, and search area data. A summary 
of all incidental fatality observations made by facility staff during years when standardized carcass 
searches are not being conducted will be provided to MDIFW annually.  


If during the course of the standardized carcass searches, or incidental monitoring, a Significant Fatality 
Event is observed, the event shall be reported within one week (7 calendar days) to both the MDIFW and 
the MDEP. A Significant Fatality Event shall be defined as 5 or more fatalities at a single turbine, or a total 
of 20 or more fatalities in a single event. An event consists of either as a period not to exceed 24 hours. If 
there are any observed fatalities of state or federally listed Endangered or Threatened Species CMW will 
report the fatality to MDIFW and MDEP within 24-hours of the discovery.  
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6.0 AVIAN RADAR 


An avian radar survey will be conducted concurrently with fatality searching during the spring and fall 
seasons of years 1, 2, and 3 to capture data on nocturnal migrants. The data will be collected in a manner 
to evaluate any correlation between observed mortality with nightly passage rates. The results of the 
avian radar survey will be incorporated in the fatality report.  
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Notice  


This report was prepared by DeTect, Inc. (DeTect) in the course of 


performing work for the Canton Mountain Wind Project under DeTect’s contract 


with Tetra Tech.  The data and information developed as a result of this study, 


and presented in this report, are the property of the client and are not to be 


disclosed to third parties without the express written consent of Tetra Tech.  
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Summary 


This report presents radar data recorded at the Canton Mountain Wind 


Project during the spring 2019 season (April 17 - June 12, 2019).  The MERLIN 


avian radar system uses horizontal and vertical scanning radars simultaneously 


to automatically and continuously record bird and bat activity in the vicinity of the 


proposed project.  The Vertical Scanning Radar (VSR) data provides both count 


and altitude information on targets, while the Horizontal Surveillance Radar 


(HSR) provides target directions.  This report presents VSR and HSR data 


collected during 42.9 % and 83.8 %, respectively, of time available in the study 


period.  The VSR had additional down-time during this season due to water in the 


antenna which interfered with the radar signal.  Only VSR data after the May 15th 


repair was used for this report and led to the study extension to gather more data 


from the VSR.    


Target passage rates during the spring 2019 season were variable, over 


time as well as during four biological periods (dawns, days, dusks, and nights).  


Target passage rates averaged the greatest during nights (925.8 targets / 1-km 


front / hr), with dawns (382.4 targets / 1-km front / hr), days (321.7 targets / 1-km 


front / hr), and dusks (268.5 targets / 1-km front / hr) showing lower rates.  When 


target activity was further broken down into hours, target passage rates peaked 


during early night (hours 20 – 23, 8 pm to midnight).   


Radar data from the horizontal radar indicated target bearings 


predominately towards the northeast and east for all time periods during the 


spring 2019 season, especially during nights with 88% of nights averaging in 


those two directions.  Nights had more concentrated target movements than 


dawns, days, or dusks. 


Target passage rates averaged greatest when target movements 


averaged toward the northeast, and unexpectedly during nights when winds were 


from the east.  Target movements also averaged northeast and east during all 


nights except when winds were from the north, and were more concentrated 


during all nights except when winds were from the north and northwest, during 


which they were more dispersed. 
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Mean target heights averaged greater during dawns and nights (405 m 


and 381 m, respectively) than during days or dusks (303 m and 298 m, 


respectively).  Median target heights averaged slightly less, but followed the 


same trend: 309 m, 238 m, 225 m, and 303 m for dawns, days, dusks, and 


nights, respectively.  An hourly breakdown of target heights indicates an increase 


during hours 18-20 and extending through the night before decreasing around 


hour 7.  The majority of all targets (79 %) detected during nights of the spring 


2019 season were above the top of the rotor swept zone of the wind turbines; 


this was similar to percent targets recorded above the rotor swept height during 


dawn (87 %), day (74 %), and dusk (74 %) time periods.  Although most of the 


targets occurred above the rotor swept zone, a notable portion of the targets also 


occurred within the rotor swept zone totaling 13 % during dawns, 26 % during 


days, 26 % during dusks, and 20 % during nights.   


  Although the majority of targets were above the RSZ’s, the frequency of 


low visibility conditions during nocturnal migration could be a more important 


indicator of turbine collision risk.  Observation records from the nearby Auburn 


Lewiston Airport (LEW) showed low visibility records during portions of 11 nights 


of the spring 2019 season, while the Fryeburg Eastern Slopes Regional Airport 


(IZG) had low visibility records during 6 nights.  Therefore, migratory bird 


mortality risk from collisions during low visibility events could be considered 


relatively low at this site based on the infrequent occurrence of low visibility 


conditions during nighttime at these airports during this spring 2019 season.  


However, these airports are approximately 32 and 49 miles from the Canton 


Mountain Wind project and only provide an indication of low visibility occurrence 


in the area; climatic conditions at the project site may be different.   
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MERLIN™ Avian Radar Survey 
Data Report for Spring 2019 


 


1 INTRODUCTION 
 
A MERLIN avian radar system collected data at the Canton Mountain Wind Project 
during spring 2019.  The objective of this radar survey was to collect near-
continuous radar data on bird activity and movements at this operating wind project 
site.  This report presents a summary of the radar data collected April 17 – June 12, 
2019.   
 


2 METHODS 


2.1 Radar Equipment, Software, and Data Collection 


2.1.1 MERLIN Avian Radar System 


The MERLIN avian radar system is an advanced, automated radar system used for 
remote detection and tracking of bird and bat activity.  A remote data uplink allowed 
remote system monitoring, access to recorded data, and system administration.  
The MERLIN system collected radar data continuously (24 hours a day, 7 days a 
week), with the exception of limited periods of system maintenance or downtime.  


A model XS2530e MERLIN avian radar system (Figure 2-1) was used to survey the 
Canton Mountain Wind Project site.  This model has dual marine, magnetron radar 
sensors: a 25-kW power, X-band frequency (3 cm wavelength), vertical scanning 
radar (VSR) sensor, and a 30-kW power, S-band (10 cm wavelength), horizontal 
surveillance radar (HSR) sensor.  Both sensors are mounted on scissor lifts but the 
lifts were not used during this spring 2019 season.    
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Figure 2-1.  Merlin avian radar system used at the Canton Mountain Wind Project during 
spring 2019. 
 
The VSR operates in the vertical plane transmitting a 20°, wedge-shaped beam 
from horizon-to-horizon using the vertical scanning technique (Harmata et al. 1999) 
(Fig. 2-2) and a range setting of 0.75 nm to either side and above the radar.  The 
orientation was East – West in order to best capture North-South migration while 
also minimizing interference from the wind turbines on the narrow ridge.  The X-
band used for this VSR is a short wavelength radar (3 cm) and is susceptible to 
interference from very small targets such as precipitation.  The VSR data is used to 
determine target altitudes, as well as target counts and passage rates.  Vertical 
radar images representing both high and low target passage rates are shown in 
Figures 2-3 and 2-4, respectively. 
 


 
Figure 2-2.  Illustration of beam coverage for the HSR (gray) and the VSR (orange). 
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Figure 2-3.  Vertical radar image from the proposed Canton Wind Project site showing a high 
target passage rate during a 15 minute interval on the night of May 16, 2019.  Target direction 
is color-coded to correspond with the compass rose. 
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Figure 2-4.  Vertical radar image from the proposed Canton Wind Project site showing a low 
target passage rate during a 15 minute interval on the night of May 24, 2019.  Target direction 
is color-coded to correspond with the compass rose. 
 
The HSR radar scans 360°in the horizontal plane transmitting a 25°, wedge-shaped 
beam relatively perpendicular to the VSR (Fig. 2-1) and a range setting with a 
radius of 2.0 nm.  The S-band used for the HSR has the advantage of greater 
detection range and less interference from ground clutter and precipitation.  It is 
also less sensitive to insect contamination.  The HSR data is used to determine 
directional movement of targets over and through the project area.  Horizontal radar 
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images representing both high and low target passage rates are shown in Figures 
2-5 and 2-6, respectively.   
 
 
 


 
Figure 2-5.  Horizontal radar image from the proposed Canton Wind Project site showing a 
high target passage rate during a 15 minute interval on the night of May 16, 2019.  Target 
direction is color-coded to correspond with the compass rose. 
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Figure 2-6.  Horizontal radar image from the proposed Canton Wind Project site showing a 
low target passage rate during a 15 minute interval on the night of May 24, 2019.  Target 
direction is color-coded to correspond with the compass rose. 


2.1.2 MERLIN Avian Radar Processing Software 
 
The Merlin avian radar system uses modern, marine-grade radar signal processing 
technology to collect, process, and store 12-bit digitized radar data from both the 
VSR and HSR.  Target data from both radars is processed in real-time by the 
MERLIN software at the radar with all data on targets, tracks, and system 
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parameters recorded to internal system databases.  For spring 2019 both the VSR 
and HSR used MERLIN software version 4.14.0 with Tracker 4.0.0.1. 


The MERLIN avian radar processing software was specifically developed for bird 
detection and tracking and uses automated clutter suppression in conjunction with 
biological target detection, tracking, and data recording to identify and track targets 
in the survey area.  The software also identifies noise (undesired signals such as 
ground clutter and interference) within a given radar environment and applies a 
statistical approach to suppressing the noise while still allowing targets within the 
noise to be detected, tracked, and recorded. This maximizes the probability of 
detecting moving targets in high clutter environments (such as over vegetation).  
The application of CFAR (constant false alarm rate) algorithms and ground clutter 
mapping techniques are also included in the MERLIN software, and provide 
automated, high resolution data while minimizing the amount of display lost to 
ground clutter.   


The detection and tracking algorithms in the MERLIN software locate plot 
sequences of biological targets in the raw radar data that fit together into a 
sequence over time as the radar scans.  When a target meeting the criteria of a 
bird-like target is tracked for a minimum of three out of four sequential scans or 
plots, a track is written to the system database.  A target continues to track as long 
as it is detected three out of the last four scans or plots.  Although the criteria for 
identifying bird targets has been developed to only track targets that are most likely 
birds, these are not separable from bats which are included within the targets 
tracks, and targets such as insects or clutter that will occasionally be falsely 
identified and tracked as bird targets.  However, the inclusion of non-bird / bat 
targets is minimized through optimization of operational settings in the software and 
application of custom database queries.   


An individual radar echo does not necessarily represent an individual bird or bat, as 
individuals moving in and out of the radar beam (e.g. circling, flying behind a large 
structure) would be “counted” by the radar system multiple times.  Similarly, some 
flocks of birds may be recorded as a single target if individuals cannot be 
distinguished.  Within the MERLIN system, each target is assigned a unique, 128-
digit, alpha numeric string which facilitates analysis of extended surveys.  
Therefore, an individual radar echo is referred to as a biological “target” in this 
study, and when counted together they represent an index of bird / bat activity or 
exposure level for a given period of time, and not necessarily a count of individuals.  


2.2 Data Analysis 


2.2.1 Radar Data  


Analysis of the radar data was conducted by DeTect’s Data Systems and Services 
department in Panama City, Florida.  DeTect uses Microsoft Windows® based 
computer systems, networks, and SQL (structured query language) servers for 
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database processing and analysis.  In order to minimize false tracks (insects, 
ground clutter, interference, etc.) in both the horizontal and vertical data, targets 
that were only plotted once after they were defined as a target (leaving only one 
row in the database) were considered low quality and eliminated from the database.  
TrackPlot images (15-minute increments) were manually reviewed for rain or other 
types of contamination.  All 15-min increments containing contamination were 
removed from the final dataset and noted in the level of effort metrics.  The cleaned 
radar data was analyzed during dawns (30 minutes before to 30 minutes after 
sunrise), days (30 minutes after sunrise to 30 minutes before sunset), dusks (30 
minutes before to 30 minutes after sunset), and nights (30 minutes after sunset to 
30 minutes before sunrise the next day).  Hourly time periods and seasonal 
summaries were also used for some analyses. 


2.2.2 Vertical Radar Data - Target Counts and Altitudes 
 
The VSR data collected was used to develop information on target passage rates 
and heights within the project area.  As targets passed along or through the VSR 
beam, the position and altitude above ground level (AGL) of the target was 
recorded with each scan of the radar.  The position, altitude, and date-time 
information reported for a target is taken from the scan producing the greatest 
target area as that is the scan most likely having the best “look” at the target.  
Theoretically, that is also the scan closest to the center of the beam and therefore 
would have the least slant range error in the altitude measurement.  Each target’s 
altitudes were then used to derive mean and median target heights, as well as to 
group targets into one of three categories: below rotor swept zone, within rotor 
swept zone, or above rotor swept zone.  The turbine dimensions used for the 
altitude analyses included a rotor swept zone (RSZ) ranging from 33.5 - 136.5 m 
AGL and represented a 51.5-m rotor on a 85-m high hub.   
 
The VSR data were standardized to a 1-km front per hour, generally the industry 
standard for most migratory and wind energy avian studies and risk analyses.  For 
this report, target passage rates are further defined as the number of targets 
detected within a standard 1-km front during a one hour period (0.5 km on either 
side of the radar).  Target passage rates were standardized into an hourly rate by 
dividing the target count by the number of minutes of radar data within a given time 
period, subtracting any time lost or contaminated, and multiplying by 60.  Target 
passage rates (below, within, and above the rotor swept zone, as well as total), and 
mean and median target heights, were calculated for each biological period and 
hour during this survey.  Target passage rates were also averaged by biological 
period and hour.  Comprehensive target passage rates, in which all targets were 
grouped by a given time period regardless of date, were also calculated hourly.  
Both grand and comprehensive mean target heights were calculated; the former 
being the average of the average target heights for a period of time across the 
season, and the latter being the average height of all targets within a given time 
period regardless of date.  Median target heights were both averaged across 
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biological periods and hours, and calculated by biological period.  The distribution of 
targets within 50-m increments is also presented. 


2.2.3 Horizontal Radar Data - Target Directions 


The HSR data collected was used to develop information on the movement of 
targets within the project area.  As targets were detected by the HSR, their bearings 
were recorded on each scan of the radar.  The average bearing of each target was 
then generated from all the scans as the target passed through the HSR beam.  
Date-time information was derived using the last plot of the track. 
 
The HSR data were queried and an average target direction was generated for 
each biological period and hour; target (angular) concentrations were also 
calculated for each biological period.  The comprehensive directional distribution of 
all targets was illustrated by biological period and hour using frequency tables of 
target numbers occurring in eight 45° increments centered on north, northeast, 
east, southeast, south, southwest, west, and northwest.  In order to look for trends 
between mean target directions, target passage rates and target heights, biological 
periods were grouped by their mean target direction into the same eight directional 
categories.  Both target passage rates and mean target heights were averaged 
within each directional category, for each biological period. 
 
Calculations of mean direction and angular concentration (r) for these time periods 
were calculated using SQL and formulas based on Zar 1999.  The value of r is a 
measure of concentration; it has no units and varies from 0 (no concentration, all 
values very dispersed) to 1.0 (all data concentrated in the same direction), whereas 
1-r is a measure of angular dispersion (Zar 1999).    


2.2.4 Weather and Visibility Data 


Weather data was collected from a meteorological tower on site.  Recordings of 
wind speed (m/s), wind direction (degrees), and temperature (°C) were recorded at 
the meteorological tower.  Ten minute averages were then used to derive averages 
for each of these weather variables for the biological periods.  The mean angle and 
angular concentration (r) of wind directions were calculated using Zar 1999.   
Precipitation data was derived from the recorded vertical radar data.  Visibility 
records from this time period were accessed from two nearby airports: 
Auburn/Lewiston Municipal Airport (LEW, ~32 miles South, elevation 288 ft / 89 m) 
and Eastern Slopes Regional Airport (IZG, ~49 miles Southwest, elevation 450 ft / 
137 m).  Visibility observations (statue miles) were collected approximately hourly at 
both airports, but observations was usually collected more frequently when visibility 
decreased.   


For the purpose of the avian risk assessment for this study, low visibility potentially 
resulting in bird collision risk is defined as visibility equal to or less than 0.5 mile 
based on the National Weather Service’s lowest visibility threat level for humans.  
For this study, low visibility records were collected from both the LEW and IZG 
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airports during April 17 – June 12, 2019.  In order to look for trends between radar 
and weather variables, target passage rates, directions, and angular concentration 
were grouped by average nightly wind direction.  Target passage rates and angular 
concentration, and several weather variables (wind direction, wind angular 
concentration, wind speed, temperature, rain, and low visibility) were also grouped 
by target direction.   
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3 RESULTS for Spring 2019 
 
The MERLIN avian radar system operated continuously (24 hours a day) at the 
radar location April 17 – June 12, 2019.  Table 3-1 presents available time, time 
radar data were collected, amount of radar data that were removed due to rain or 
other contamination, and the resulting time of radar data used for analyses, during 
spring 2019.  The vertical (x-band) radar typically has additional down-time because 
weather or aerial debris blocks the smaller wavelength of this radar so few if any 
targets are discernible, compared to the longer wavelength of the horizontal (s-
band) radar which allows almost all targets to be detected in rain with the help of 
digital processing.  The VSR had additional down-time during this season due to 
water in the antenna which interfered with the radar signal; only VSR data after the 
May 15th repair was used for this report.    
 
Table 3-1.  Radar monitoring effort at the Canton Mountain Wind Project during spring 2019. 


Hours % Hours %
Time in season 1367.0 1367.0
Time radar down 720.6 52.7% 117.1 8.6%
Time radar collected data 646.4 47.3% 1250.0 91.4%


Unuseable radar data1 60.5 9.4% 105.0 8.4%


Useable radar data2 585.9 42.9% 1144.9 83.8%
1 - Percent indicates portion of time w ith radar data that w as lost due to rain or other contamination.


2 - Percent indicates portion of season w ith useable radar data.


Vertical Radar Horizontal Radar


 
 


3.1 Vertical Radar Data 
 
Data collected from the vertical scanning radar (VSR) were used to quantify target 
movements through the project area.  Data are presented as a rate equaling total 
number of targets / 1-km front / hr.   


3.1.1 Target Passage Rates Over Time 
 
Target passage rates during spring 2019 were variable over time (Fig. 3-1) as well 
as biological periods (Fig. 3-2).  Target passage rates averaged the greatest during 
night, with dawns, days, and dusks averaging lower target passage rates (Fig. 3-2).  
Summary statistics of the target passage rates for each of the biological periods are 
presented in table 3-2.  (All target counts and target passage rates for each 
biological period are presented in Appendix C).   
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Figure 3-1.  Target passage rates (TPR) during each biological periods of the spring 2019 
season at the Canton Mountain Wind Project. 
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Figure 3-2.  Average target passage rates (TPR) by biological period at the Canton Mountain 
Wind Project during spring 2019.  Error bars represent one standard error. 
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Table 3-2.  Summary statistics for target passage rates (TPR, number targets / 1-km front / 
hour) for biological periods at the Canton Mountain Wind Project during spring 2019. 


Dawn Day Dusk Night
Average TPR 382.4 321.7 268.5 925.8


Standard Error for Avg TPR 95.4 35.7 40.8 127.5
Median TPR 222.0 297.0 201.0 814.4


Minimum TPR 0.0 42.7 11.0 139.5
Maximum TPR 2163.0 692.5 708.0 2690.7


Comprehensive* TPR 383.1 325.7 266.3 947.7
*Comprehensive value uses all periods, not just those w ith >=50% useable data  
 
Hourly target passage rates also differed throughout spring 2019 (Fig. 3-3) and 
were greatest during overnight from 8 pm to 3 am (hours 20 through 3).  Both 
average and comprehensive hourly target passage rates are presented: average 
rates are the average of each date’s hourly target rate in a given hour, while 
comprehensive rates use targets grouped by hour, regardless of date. 
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Figure 3-3.  Average and comprehensive hourly target passage rates at the Canton Mountain 
Wind Project during spring 2019.  Error bars represent one standard error. 
 


3.1.2 Altitudinal Distribution of Targets 
 
Mean and median target heights are presented for each biological period (Fig. 3-4 
and Fig. 3-5, respectively) of spring 2019.  Mean target heights were generally 
above the maximum RSZ height, with median target heights being slightly lower.  
Mean target heights were below the maximum RSZ height during 2 dawns (8.3 %), 
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0 days (0 %), 2 dusks (8.7 %), and 0 (0 %) nights.  Median target heights were 
lower than the means and more values occurred below the maximum RSZ height (5 
dawns (20.8 %), 5 days (18.5 %), 8 dusks (34.8 %), and 1 night (4.0 %)).   
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Figure 3-4.  Mean target heights at the Canton Mountain Wind Project during spring 2019.  
Top and bottom of the RSZ are 33.5 - 136.5 m m AGL, respectively. 
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Figure 3-5.  Median target heights at the Canton Mountain Wind Project during spring 2019.  
Top and bottom of the RSZ are 33.5 - 136.5 m m AGL, respectively. 
 
The mean and median target heights during each biological period were calculated 
for all dates with > 50% data for that time period, averaged into a grand mean and 
average median, and presented in Table 3-3 (top) and illustrated in Figure 3-6 (blue 
bars).  (All mean and median target height values for each biological period can be 
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found in Appendix C.)    The comprehensive mean and median target heights for 
each biological period (when all targets were combined regardless of date) are also 
listed in Table 3-3 (bottom) and illustrated in Figure 3-6 (green bars).   
 
Table 3-3.  Summary of mean and median target heights at the Canton Mountain Wind Project 
during biological periods of spring 2019.  Darker colors in color-coded rows indicate greater 
values within that row. 


Dawn Day Dusk Night
Grand (Average) Mean Target Height 404.7 303.4 298.0 381.0


Average Median Target Height 309.3 238.3 224.6 303.3
Comprehensive Mean Target Height 480.4 330.2 386.5 398.5


Comprehensive Median Target Height 391.4 263.8 266.1 318.5  
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Figure 3-6.  Grand mean and average median target heights averaged across individual 
biological periods (blue bars), and comprehensive mean and median target heights of all 
targets grouped by biological period (green bars), at the Canton Mountain Wind Project, 
during spring 2019.  Error bars represent one standard error. 
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Hourly target heights were averaged into a grand hourly target mean and an 
average hourly target median for each of 24 hours; a comprehensive hourly target 
mean was also calculated by pooling all targets within a given hour together, 
regardless of date (Fig. 3-7).  
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Figure 3-7.  Hourly target heights at the Canton Mountain Wind Project during spring 2019.  
Error bars represent one standard error.  Red lines represent top and bottom of the RSZ (33.5 
- 136.5 m m AGL). 
 
 
The distribution of all targets detected during spring 2019 are shown using 50-meter 
increments (Fig. 3-8).   
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Figure 3-8.  Number of targets occurring in each 50-meter increment at the Canton Mountain 
Wind Project during biological periods of spring 2019.  Red indicates rotor swept heights, 
and purple indicates altitudes partially within rotor swept heights.   
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Using a RSZ of 33.5 - 136.5 m m AGL, target passage rates below, within, and 
above the RSZ were calculated for each date.  Individual target passage rates are 
presented for dawns, days, dusks, and nights (Fig. 3-9).  Target passage rates and 
percent targets averaged greater above the RSZ than either within or below the 
RSZ, and were also greater during nights than the remaining time periods (Table 3-
4, 1st and 3rd sections).  All target counts, passage rates, and percent targets in the 
RSZ for each biological period can be found in Appendix C.  Target passage rates 
and percent targets below, within, and above the RSZ were also calculated 
seasonally, with all targets detected during each biological period of the spring 2019 
combined together (Table 3-4, 2nd and 4th sections).  Seasonally, the majority of 
targets were also recorded above the RSZ and the least below the RSZ for all 
biological time periods.  Within the RSZ, percent targets were greatest during day 
and dusk.   
 
Table 3-4.  Summary of target passage rates and percent of targets above, within and below 
the RSZ (33.5 - 136.5 m m AGL) at the Canton Mountain Wind Project during biological 
periods of spring 2019.  Darker colors indicate greater values. 


Dawn Day Dusk Night
Average TPR above RSZ 332.2 240.1 197.5 729.4
Average TPR within RSZ 49.2 80.9 69.8 188.6
Average TPR below RSZ 1.0 0.7 1.2 7.8


Average TPR , all Altitudes 382.4 321.7 268.5 925.8


Dawn Day Dusk Night
Comprehensive TPR above RSZ 331.9 241.7 196.2 746.2
Comprehensive TPR within RSZ 50.2 83.2 68.9 193.5
Comprehensive TPR below RSZ 1.0 0.7 1.3 8.0


Comprehensive TPR , all Altitudes 383.1 325.7 266.3 947.7


Dawn Day Dusk Night
Average % of Targets above RSZ 71.2% 68.3% 63.2% 76.1%
Average % of Targets within RSZ 28.2% 31.4% 36.0% 23.1%
Average % of Targets below RSZ 0.7% 0.3% 0.8% 0.8%


Dawn Day Dusk Night
Comprehensive % of Targets above RSZ 86.6% 74.2% 73.7% 78.7%
Comprehensive % of Targets within RSZ 13.1% 25.6% 25.9% 20.4%
Comprehensive % of Targets below RSZ 0.3% 0.2% 0.5% 0.8%  
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Figure 3-9.  Target passage rates below, within, and above the RSZ (33.5 - 136.5 m m AGL) at 
the Canton Mountain Wind Project during dawns, days, dusks, and nights (top to bottom) of 
spring 2019. 
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Average hourly target passage rates below, within, and above the rotor swept zone 
are presented in Figure 3-10. 
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Figure 3-10.  Average hourly target passage rates at the Canton Mountain Wind Project 
during spring 2019. 
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3.2 Horizontal Radar Data 
 
The Horizontal Surveillance Radar (HSR) was used to determine directional 
movements of targets during biological periods of spring 2019. 


3.2.1 Target Directions 
 
Average target directions were calculated for each biological period (Fig. 3-11); 
individual values for average target bearing and angular concentration (r) are listed 
in Appendix D.  Target bearings were predominantly towards the northeast during 
all time periods but especially nights and dawns.  Target directions were more 
concentrated during nights (average r = 0.60) than the remaining time periods 
(dawn average r = 0.37, day average r = 0.25, dusk average r = 0.24).  Average 
target directions were also calculated seasonally (comprehensive distribution), with 
all targets detected during the spring 2019 combined together by biological period 
(Fig. 3-12) and hour (Fig. 3-13).   
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Figure 3-11.  Distribution of average target movements among eight directions during 
biological periods at the Canton Mountain Wind Project during spring 2019. 
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Figure 3-12.  Comprehensive distribution of target directions by biological period at the 
Canton Mountain Wind Project during spring 2019. 
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Figure 3-13.  Comprehensive distribution of target directions by hour at the Canton Mountain 
Wind Project during spring 2019. 
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3.3 Weather Data 


3.3.1 Weather Information 
 
Weather data was gathered from an on-site meteorological tower and wind speed, 
temperature, and wind direction were averaged by biological period (Table 3-5, 
individual values in Appendix E).  Average wind directions were most frequently 
from the southwest during all time periods (Fig. 3-14).   
 
Table 3-5.  Average values of wind speed and  temperature during four biological periods at 
the Canton Mountain Wind Project during spring 2019. 


Dawn Day Dusk Night


Average Wind Speed (m/s) 6.7 6.3 6.4 6.7


Average Temperature (°C) 6.2 8.8 10.2 7.7  
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Figure 3-14.  Distribution of wind directions during biological periods at the Canton Mountain 
Wind Project during spring 2019. 
 
Low visibility potentially resulting in bird collision risk for this study is defined as less 
than 0.5 miles (805 m) based on the National Weather Service’s lowest visibility 
threat level for humans.  Visibility records were accessed from the Auburn Lewiston 
Airport (LEW) and the Fryeburg Eastern Slopes Regional Airport (IZG) during 
spring 2019 (Appendix E).   Low visibility occurred at LEW during 11 nights (April 
18, 20, 21, 25, May 5, 10, 17, 23, 30, and June 2 and 6) and at IZG during six 
nights (April 21, May 7, 10, 30, and June 2 and 6) during April 17 – June 12, 2019.      
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3.3.2 Weather and Radar Data Associations 
 
Target passage rates were greatest on nights with winds from the east, and least 
on nights with south winds (Table 3-6).  The horizontal data indicated that targets 
averaged towards the east and northeast on the majority of nights (88%).  
Furthermore, when nights were grouped by average wind direction, average target 
directions averaged north or northeast in all groups except when winds were from 
the north.  Average nightly target concentrations were moderate during all nights 
except when winds were from the north and northwest, during which they were 
more dispersed (Table 3-6).     
 
Table 3-6.  Characteristics of target movement at the Canton Mountain Wind Project during 
nights of spring 2019, categorized by average nightly wind direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Wind Direction N NE E SE S SW W NW


# nights 7 3 4 11 6 14 9 3
Average Target Passage Rate (targets/1-km front/hr) 886.2 895.6 1758.3 991.4 334.5 945.9 759.3 814.4


Average Target Bearing (degrees) 352.8 38.5 36.6 52.2 70.3 88.1 86.4 58.0


Corresponding Target Direction N NE NE NE E E E NE


*Concentration of Average Target Bearings 0.48 0.96 0.99 0.97 0.95 0.92 0.79 0.33
**Average Target Concentration 0.36 0.70 0.63 0.69 0.64 0.60 0.55 0.45


% of nights with either rain or low visibility 0% 33% 25% 36% 33% 14% 22% 0%
* Indicates the angular concentration of the average nightly target directions on nights grouped by wind direction.  For example, on the 
four nights with winds averaging from the east the four nightly average target directions were close together (28°, 30°, 42° & 47°) resulting 
in a high concentration value (0.96).


** Represents the average of the nightly target concentration values on nights grouped by wind directions.  For example, on the seven 
nights averaging winds from the north nightly target concentrations were low (average 0.36), indicated fairly dispersed target movements 
on nights with N winds.  
 
When nights were grouped by average target direction, target passage rates were 
the greatest during nights of northeast target movements (Table 3-7).  Nightly 
angular concentrations of targets were lowest during southwest and west 
movements and moderately concentrated during nights averaging in the remaining 
target directions.   
 
Table 3-7.  Weather characteristics and target passage rates at the Canton Mountain Wind 
Project during spring 2019, categorized by average target direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Target Direction N NE E SE S SW W NW


# nights 1 26 18 3 1 2 2 0


Average Target Passage Rate (targets/1-km front/hr) - 1246.4 754.8 379.8 295.1 - 203.4 -


Average Angular Concentration of Targets 0.77 0.64 0.57 0.49 0.81 0.24 0.05 -


Average Wind Direction (degrees) 31.3 120.3 230.7 248.0 252.7 330.0 14.2 -


Corresponding Wind Direction NE SE SW W W NW N -


*Concentration of Average Wind Bearings 1.00 0.28 0.84 1.0 1.0 0.99 0.99 -


**Average Wind Concentration 0.93 0.81 0.92 0.99 0.99 0.98 0.86 -


% of nights with either rain or low visibility 0% 27% 28% 0% 0% 0% 0% -


* and ** See footnote in previous table  
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Appendix A - Glossary 
 


1-km Front – 0.5 km on either side of the VSR, or 1 km on one side of the VSR, 
forming a 1-km front through which target passage rates are quantified.   


 
Comprehensive distribution – Frequency distribution of all mean target bearings 


combined during a season, regardless of date. 
 
Comprehensive mean – Mean of all targets in a time period during an entire 


season, regardless of the date.   
 
Grand mean – Mean of all period means (e.g. all nights). 
 
Plot – A single scan of a target. 
 
Rotor Swept Zone (RSZ) – The 1-km wide band within the 1-km front that 


encompasses the lowest and highest points swept by a wind turbine’s 
blades.  Specific to each project and calculated using the manufacturer’s 
specifications for the wind turbine proposed for the project. 


 
Target - Object detected by MERLIN Radar and identified by MERLIN software as a 


biological object (e.g. bird, bat) based on scanned size, speed, and other 
characteristics. 


 
Target Passage Rate – Number of targets passing through a 1-km wide front during 


1 hour.  Standardized to an hourly rate using the proportion of minutes radar 
data was recorded during a given time period.    


 
Track – The entire sequence of plots that make up a target’s trail within the radar 


coverage as long as an object still fits the definition of a target. 
 
Tracking – The MERLIN software begins to track a target after it has met the criteria 


of a biological target for three of four scans.  The target continues to be 
tracked until either the target fails to be detected or to meet the criteria for 
three of the last four scans.   


 
TrackPlot – MERLIN program displaying all target or track activity within a specific 


time period; used for defining time periods of radar data containing rain or 
other interference. 
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Appendix B - Abbreviations 
 


AGL – Above Ground Level 


HSR – Horizontal Surveillance Radar 


km – kilometer 


m – meter  


mi – mile 


nm – Nautical miles (approximately 1.15 miles) 


RSZ – Rotor Swept Zone 


TPR – Target Passage Rate 


VSR – Vertical Scanning Radar 
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Appendix C – VSR Radar Data by Biological Period, 


Target Counts, Passage Rates, Mean & Median Heights 
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no data no data no datno dat 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/16/19 3:42 5/16/19 4:42 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/17/19 3:41 5/17/19 4:41 60 0 60 100 1 98 2064 2163 1 98 2064 2163 4.5% 480.09 444.7
5/18/19 3:40 5/18/19 4:40 60 0 60 100 1 20 11 32 1 20 11 32 62.5% 135.1 89.306
5/19/19 3:39 5/19/19 4:39 60 0 60 100 0 38 513 551 0 38 513 551 6.9% 504.48 406.6
5/20/19 3:38 5/20/19 4:38 60 0 60 100 3 37 246 286 3 37 246 286 12.9% 632.25 384.35
5/21/19 3:37 5/21/19 4:37 60 0 60 100 0 10 30 40 0 10 30 40 25.0% 279.37 218.69
5/22/19 3:36 5/22/19 4:36 60 0 60 100 1 126 63 190 1 126 63 190 66.3% 136.3 124.21
5/23/19 3:35 5/23/19 4:35 60 21 39 65 0 16 319 335 0 24.6 490.8 515.4 4.8% 631.36 432.82
5/24/19 3:35 5/24/19 4:35 60 15 45 75 1 25 285 311 1.3 33.3 380 414.7 8.0% 584.08 469.09
5/25/19 3:34 5/25/19 4:34 60 0 60 100 0 130 92 222 0 130 92 222 58.6% 158.4 132.13
5/26/19 3:33 5/26/19 4:33 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/27/19 3:32 5/27/19 4:32 60 0 60 100 1 123 798 922 1 123 798 922 13.3% 444.19 371.4
5/28/19 3:32 5/28/19 4:32 60 0 60 100 1 3 12 16 1 3 12 16 18.8% 347.19 302.21
5/29/19 3:31 5/29/19 4:31 60 0 60 100 0 0 0 0 0 0 0 0 no data no data no data
5/30/19 3:30 5/30/19 4:30 60 0 60 100 0 11 70 81 0 11 70 81 13.6% 499.94 417.88
5/31/19 3:30 5/31/19 4:30 60 0 60 100 0 79 297 376 0 79 297 376 21.0% 363.88 307.09


6/1/19 3:29 6/1/19 4:29 60 0 60 100 0 61 809 870 0 61 809 870 7.0% 590.02 498.2
6/2/19 3:29 6/2/19 4:29 60 0 60 100 1 65 677 743 1 65 677 743 8.7% 547.59 438
6/3/19 3:28 6/3/19 4:28 60 0 60 100 0 22 26 48 0 22 26 48 45.8% 209.18 145.24
6/4/19 3:28 6/4/19 4:28 60 0 60 100 0 25 13 38 0 25 13 38 65.8% 138.17 107.9
6/5/19 3:27 6/5/19 4:27 60 17 43 72 3 3 89 95 4.2 4.2 124.2 132.6 3.2% 638.16 383.44
6/6/19 3:27 6/6/19 4:27 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
6/7/19 3:27 6/7/19 4:27 60 0 60 100 0 6 104 110 0 6 104 110 5.5% 547.7 419.4
6/8/19 3:26 6/8/19 4:26 60 0 60 100 0 91 816 907 0 91 816 907 10.0% 483.11 386.49
6/9/19 3:26 6/9/19 4:26 60 0 60 100 7 27 303 337 7 27 303 337 8.0% 677.25 489.51
6/10/19 3:26 6/10/19 4:26 60 0 60 100 4 157 332 493 4 157 332 493 31.8% 288.02 195.07
6/11/19 3:26 6/11/19 4:26 60 0 60 100 0 24 11 35 0 24 11 35 68.6% 240.16 119.48
6/12/19 3:25 6/12/19 4:25 60 0 60 100 0 14 24 38 0 14 24 38 36.8% 157.73 139.29  
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5/18/19 4:40 5/18/19 18:35 835 0 835 100 3 1409 649 2061 0.2 101.2 46.6 148.1 68.4% 137.21 107.9
5/19/19 4:39 5/19/19 18:36 837 120 717 86 12 724 2813 3549 1 60.6 235.4 297 20.4% 372.1 312.42
5/20/19 4:38 5/20/19 18:37 839 60 779 93 12 926 5038 5976 0.9 71.3 388 460.3 15.5% 426.72 331.93
5/21/19 4:37 5/21/19 18:38 841 285 556 66 4 434 322 760 0.4 46.8 34.7 82 57.1% 245.29 110.64
5/22/19 4:36 5/22/19 18:39 843 45 798 95 5 1701 1667 3373 0.4 127.9 125.3 253.6 50.4% 180.8 135.94
5/23/19 4:35 5/23/19 18:40 845 35 810 96 6 1360 2497 3863 0.4 100.7 185 286.1 35.2% 252.76 152.7
5/24/19 4:35 5/24/19 18:41 846 36 810 96 3 894 957 1854 0.2 66.2 70.9 137.3 48.2% 168.56 137.77
5/25/19 4:34 5/25/19 18:42 848 60 788 93 18 1425 4397 5840 1.4 108.5 334.8 444.7 24.4% 281.73 259.08
5/26/19 4:33 5/26/19 18:43 850 86 764 90 16 785 2109 2910 1.3 61.6 165.6 228.5 27.0% 281.61 257.71
5/27/19 4:32 5/27/19 18:44 852 0 852 100 2 1226 1382 2610 0.1 86.3 97.3 183.8 47.0% 206.57 139.9
5/28/19 4:32 5/28/19 18:45 853 421 432 51 4 472 2605 3081 0.6 65.6 361.8 427.9 15.3% 411.69 333.15
5/29/19 4:31 5/29/19 18:46 855 0 855 100 5 651 6326 6982 0.4 45.7 443.9 490 9.3% 543.06 386.03
5/30/19 4:30 5/30/19 18:47 857 0 857 100 6 777 1103 1886 0.4 54.4 77.2 132 41.2% 196.53 140.82
5/31/19 4:30 5/31/19 18:47 857 0 857 100 5 961 1056 2022 0.4 67.3 73.9 141.6 47.5% 213.75 138.53


6/1/19 4:29 6/1/19 18:48 859 0 859 100 8 881 6172 7061 0.6 61.5 431.1 493.2 12.5% 419.86 368.2
6/2/19 4:29 6/2/19 18:49 860 45 815 95 5 931 4770 5706 0.4 68.5 351.2 420.1 16.3% 402.88 322.78
6/3/19 4:28 6/3/19 18:50 862 0 862 100 11 386 1626 2023 0.8 26.9 113.2 140.8 19.1% 427.15 327.66
6/4/19 4:28 6/4/19 18:51 863 0 863 100 5 327 282 614 0.3 22.7 19.6 42.7 53.3% 179.31 126.19
6/5/19 4:27 6/5/19 18:51 864 0 864 100 8 505 2249 2762 0.6 35.1 156.2 191.8 18.3% 402.2 338.48
6/6/19 4:27 6/6/19 18:52 865 32 833 96 14 1789 4680 6483 1 128.9 337.1 467 27.6% 281.62 230.12
6/7/19 4:27 6/7/19 18:53 866 0 866 100 17 1723 7521 9261 1.2 119.4 521.1 641.6 18.6% 354.54 299.62
6/8/19 4:26 6/8/19 18:53 867 0 867 100 20 1845 5522 7387 1.4 127.7 382.1 511.2 25.0% 323.63 287.12
6/9/19 4:26 6/9/19 18:54 868 0 868 100 30 2078 5833 7941 2.1 143.6 403.2 548.9 26.2% 327.66 233.17


6/10/19 4:26 6/10/19 18:55 869 0 869 100 17 2919 7094 10030 1.2 201.5 489.8 692.5 29.1% 256.69 211.23
6/11/19 4:26 6/11/19 18:55 869 390 479 55 12 517 2211 2740 1.5 64.8 277 343.2 18.9% 345.2 329.49
6/12/19 4:25 6/12/19 18:56 242 0 242 28 0 450 280 730 0 111.6 69.4 181 61.6% 143.12 118.57  
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no data no data no datano data 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/16/19 18:32 5/16/19 19:32 60 0 60 100 4 37 578 619 4 37 578 619 6.0% 635.69 474.88
5/17/19 18:34 5/17/19 19:34 60 40 20 33 2 0 110 112 6 0 330 336 0.0% 1317.1 1286.3
5/18/19 18:35 5/18/19 19:35 60 0 60 100 2 118 43 163 2 118 43 163 72.4% 125 105.16
5/19/19 18:36 5/19/19 19:36 60 22 38 63 0 15 85 100 0 23.7 134.2 157.9 15.0% 332.49 273.86
5/20/19 18:37 5/20/19 19:37 60 0 60 100 0 7 77 84 0 7 77 84 8.3% 361.32 357.23
5/21/19 18:38 5/21/19 19:38 60 0 60 100 0 89 62 151 0 89 62 151 58.9% 195.73 122.22
5/22/19 18:39 5/22/19 19:39 60 0 60 100 1 50 657 708 1 50 657 708 7.1% 676.44 461.62
5/23/19 18:40 5/23/19 19:40 60 49 11 18 0 8 1 9 0 43.6 5.5 49.1 88.9% 98.992 78.029
5/24/19 18:41 5/24/19 19:41 60 48 12 20 0 6 3 9 0 30 15 45 66.7% 124.39 112.17
5/25/19 18:42 5/25/19 19:42 60 0 60 100 2 54 75 131 2 54 75 131 41.2% 488.91 144.48
5/26/19 18:43 5/26/19 19:43 60 0 60 100 0 101 55 156 0 101 55 156 64.7% 139.79 117.96
5/27/19 18:44 5/27/19 19:44 60 0 60 100 1 117 81 199 1 117 81 199 58.8% 137.75 125.58
5/28/19 18:45 5/28/19 19:45 60 44 16 27 0 16 26 42 0 60 97.5 157.5 38.1% 265.01 170.54
5/29/19 18:46 5/29/19 19:46 60 0 60 100 0 91 508 599 0 91 508 599 15.2% 318.57 298.7
5/30/19 18:47 5/30/19 19:47 60 0 60 100 0 90 229 319 0 90 229 319 28.2% 251.4 178.92
5/31/19 18:47 5/31/19 19:47 60 0 60 100 0 85 116 201 0 85 116 201 42.3% 257.63 164.59


6/1/19 18:48 6/1/19 19:48 60 0 60 100 5 75 190 270 5 75 190 270 27.8% 262.16 171.45
6/2/19 18:49 6/2/19 19:49 60 0 60 100 0 67 349 416 0 67 349 416 16.1% 320.38 268.38
6/3/19 18:50 6/3/19 19:50 60 0 60 100 0 9 2 11 0 9 2 11 81.8% 111.42 84.734
6/4/19 18:51 6/4/19 19:51 60 0 60 100 3 3 31 37 3 3 31 37 8.1% 316.8 309.37
6/5/19 18:51 6/5/19 19:51 60 0 60 100 1 84 438 523 1 84 438 523 16.1% 327.83 302.36
6/6/19 18:52 6/6/19 19:52 60 0 60 100 0 77 47 124 0 77 47 124 62.1% 173.76 108.2
6/7/19 18:53 6/7/19 19:53 60 0 60 100 2 141 196 339 2 141 196 339 41.6% 198.18 152.7
6/8/19 18:53 6/8/19 19:53 60 0 60 100 4 47 398 449 4 47 398 449 10.5% 577.61 462.99
6/9/19 18:54 6/9/19 19:54 60 0 60 100 2 58 142 202 2 58 142 202 28.7% 269.96 244.45
6/10/19 18:55 6/10/19 19:55 60 0 60 100 0 128 100 228 0 128 100 228 56.1% 172.06 131.98
6/11/19 18:55 6/11/19 19:55 60 0 60 100 1 54 34 89 1 54 34 89 60.7% 204.1 104.55
6/12/19 18:56 6/12/19 19:56 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data  
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5/15/19 19:31 5/16/19 3:42 50 0 50 10 0 0 0 0 0 0 0 0 no data no data no data
5/16/19 19:32 5/17/19 3:41 489 0 489 100 95 4328 17506 21929 11.7 531 2148 2690.7 19.7% 369.13 302.36
5/17/19 19:34 5/18/19 3:40 485 15 470 97 69 1324 3709 5102 8.8 169 473.5 651.3 26.0% 312.79 226.77
5/18/19 19:35 5/19/19 3:39 484 0 484 100 111 2989 7251 10351 13.8 370.5 898.9 1283.2 28.9% 379.37 249.02
5/19/19 19:36 5/20/19 3:38 482 188 294 61 45 477 5693 6215 9.2 97.3 1161.8 1268.4 7.7% 569.23 529.44
5/20/19 19:37 5/21/19 3:37 478 0 478 100 330 3621 9217 13168 41.4 454.5 1156.9 1652.9 27.5% 332.99 251.76
5/21/19 19:38 5/22/19 3:36 478 15 463 97 7 1029 1241 2277 0.9 133.3 160.8 295.1 45.2% 241.91 142.34
5/22/19 19:39 5/23/19 3:35 476 0 476 100 62 2029 7324 9415 7.8 255.8 923.2 1186.8 21.6% 300.67 232.56
5/23/19 19:40 5/24/19 3:35 475 186 289 61 8 342 3964 4314 1.7 71 823 895.6 7.9% 516.81 437.85
5/24/19 19:41 5/25/19 3:34 473 75 398 84 59 1885 1882 3826 8.9 284.2 283.7 576.8 49.3% 214.33 135.33
5/25/19 19:42 5/26/19 3:33 470 318 152 32 11 370 4625 5006 4.3 146.1 1825.7 1976.1 7.4% 465.25 418.19
5/26/19 19:43 5/27/19 3:32 469 0 469 100 289 3784 5320 9393 37 484.1 680.6 1201.7 40.3% 245.19 154.53
5/27/19 19:44 5/28/19 3:32 468 0 468 100 92 1704 4631 6427 11.8 218.5 593.7 824 26.5% 372.18 276.45
5/28/19 19:45 5/29/19 3:31 462 0 462 99 4 89 1473 1566 0.5 11.6 191.3 203.4 5.7% 757.47 615.39
5/29/19 19:46 5/30/19 3:30 463 0 463 100 15 1078 4830 5923 1.9 139.7 625.9 767.6 18.2% 449.42 309.68
5/30/19 19:47 5/31/19 3:30 463 0 463 100 11 647 9699 10357 1.4 83.8 1256.9 1342.2 6.2% 451.79 432.21
5/31/19 19:47 6/1/19 3:29 461 0 461 100 75 2455 11664 14194 9.8 319.5 1518.1 1847.4 17.3% 496.57 400.05


6/1/19 19:48 6/2/19 3:29 460 0 460 100 34 1667 14006 15707 4.4 217.4 1826.9 2048.7 10.6% 503.2 435.86
6/2/19 19:49 6/3/19 3:28 458 104 354 77 11 504 2390 2905 1.9 85.4 405.1 492.4 17.3% 405.4 326.14
6/3/19 19:50 6/4/19 3:28 458 0 458 100 13 428 624 1065 1.7 56.1 81.7 139.5 40.2% 221.07 170.99
6/4/19 19:51 6/5/19 3:27 456 73 383 84 38 528 2079 2645 6 82.7 325.7 414.4 20.0% 341.27 295.05
6/5/19 19:51 6/6/19 3:27 456 328 128 28 4 121 683 808 1.9 56.7 320.2 378.8 15.0% 373.9 312.27
6/6/19 19:52 6/7/19 3:27 455 0 455 100 26 1003 4625 5654 3.4 132.3 609.9 745.6 17.7% 416.08 340.16
6/7/19 19:53 6/8/19 3:26 453 0 453 100 22 979 5272 6273 2.9 129.7 698.3 830.9 15.6% 430.3 337.72
6/8/19 19:53 6/9/19 3:26 453 90 363 80 32 675 4220 4927 5.3 111.6 697.5 814.4 13.7% 461.99 346.25
6/9/19 19:54 6/10/19 3:26 452 0 452 100 11 500 1407 1918 1.5 66.4 186.8 254.6 26.1% 238.92 217.02
6/10/19 19:55 6/11/19 3:26 451 105 346 77 8 737 2343 3088 1.4 127.8 406.3 535.5 23.9% 290.65 276.45
6/11/19 19:55 6/12/19 3:25 450 0 450 100 7 612 751 1370 0.9 81.6 100.1 182.7 44.7% 207.02 142.04
6/12/19 19:56 6/13/19 3:25 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data 
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Appendix D – HSR Radar Data by Biological Period.  
Mean Target Directions and Concentrations 


Row Labels
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Day
Day Mean 
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Night


Night 
Mean 
Angle


Night R 
(Directiona


l 
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2019
4


17 34.1 100 99.8
18 100 98.2 37.43 0.4183757 75 32.99 0.170032 100 55.63 0.7530945
19 100 46.57 0.7560065 100 57.03 0.5391019 100 39.42 0.6886167 67.3 50.88 0.6772569
20 25 44.17 0.3201721 60.6 65.64 0.0504465 100 14.98 0.0973938 99.8 30 0.6181123
21 100 53.65 0.0746873 100 48.35 0.4120826 100 54.35 0.6822924 99.5 55.01 0.6499393
22 100 333.69 0.3643328 100 67.93 0.1571404 100 243.39 0.4825958 70 245.1 0.4732451
23 100 190.5 0.1517172 100 340.91 0.0730487 100 35.15 0.0924897 86.3 23.55 0.1269407
24 100 166.84 0.0651252 100 78.61 0.1350002 100 26.92 0.1113249 100 90.15 0.7242328
25 100 111.43 0.1759629 97.3 40.03 0.3112854 100 7.08 0.1988927 99.3 45.83 0.7828385
26 100 42.46 0.546075 94.9 17.38 0.0624459 0 30.2 282.92 0.0722525
27 0 69.1 95.42 0.1283109 18.3 318.27 0.1812011 99.6 102.01 0.7059571
28 100 63.82 0.1445176 100 61.57 0.2028301 100 329.47 0.1256704 100 113.07 0.6525452
29 100 24.81 0.1079194 100 59.74 0.1075833 100 346.66 0.0846426 100 85.2 0.429424
30 100 53.36 0.2545078 100 34.52 0.0883411 100 24.83 0.0971781 99.8 95.44 0.4350195


5
17 100 43.06 0.7759957 92.2 48.81 0.7846814 8.3 357.16 0.3922216 99 76.23 0.6485095
18 100 89.83 0.4487643 100 92.96 0.1793827 100 96.64 0.0968873 99.4 53.71 0.713614
19 100 56.82 0.8103055 91 54.01 0.3634737 63.3 77.72 0.1039598 56.8 51.51 0.4058206
20 100 97.4 0.1634943 78.5 70.44 0.6894167 100 108.36 0.6497827 98.8 74.33 0.656178
21 100 109.56 0.5582047 75 137.55 0.2535296 100 168.42 0.1321534 99.4 197.88 0.805375
22 100 172.25 0.1662159 100 226.97 0.0174656 100 313.24 0.2069012 99.2 44.76 0.687459
23 100 56.04 0.8322579 100 55.33 0.5947022 100 41.05 0.2067823 61.3 55.09 0.63173
24 100 86.94 0.5700884 100 182.92 0.1801471 100 339.52 0.1326994 99.4 114.69 0.5339087
25 100 130.11 0.3990994 100 42.24 0.5613883 100 37.12 0.6301463 57.7 37.73 0.4498783
26 0 89.9 80.71 0.4508047 100 59 0.1624066 99.1 75.97 0.7009258
27 100 107.61 0.1614283 100 94.66 0.1293238 100 53.59 0.0946106 99.4 69.48 0.5398588
28 100 305.29 0.1079854 54.2 23.38 0.292339 51.7 71.84 0.0610343 99.4 292.5 0.0300097
29 100 326.45 0.1376934 100 227.39 0.069928 100 13.59 0.1991503 99.4 57.19 0.7212136
30 100 46.39 0.2006167 100 39.03 0.2066687 100 27.23 0.601655 99.4 57.54 0.694175
1 100 65.26 0.1242258 19.9 42.95 0.1621341
2
3 37.1 100.69 0.2408542
4 100 77.82 0.1012128 100 36.75 0.0988878 100 140.45 0.1801551 99.4 48.89 0.5090443
5 100 32.53 0.5249443 100 42.97 0.1829106 100 31.18 0.2735232 99.2 49.81 0.825532
6 100 32.61 0.6553957 100 51.31 0.2092987 100 60.87 0.2204887 99.2 54.01 0.6108262
7 100 52.65 0.7825478 70.8 58.68 0.81182 100 122.3 0.1780975 99 86.47 0.6906927
8 100 118.71 0.4180494 88.9 72.03 0.176968 100 109.53 0.0430117 99.8 87.44 0.3844455
9 100 22.92 0.3180406 100 33.62 0.2894464 100 37.55 0.230812 74.7 42.18 0.7995414
10 0 29 6.72 0.0375533 100 269.86 0.0428217 99.4 76.68 0.7646383
11 100 72.74 0.2956038 100 82.29 0.105261 100 311.73 0.0073809 100 86.97 0.5412234
12 100 106.03 0.1244039 100 27.04 0.0977219 100 282.58 0.139524 99.4 30.01 0.7560879
13 100 12.71 0.414087 100 3.03 0.1144663 100 19.86 0.0704569 33.3 21.97 0.7690529
14 0 21.8 346.26 0.0714474 76.7 253.67 0.0818016 39.4 225.51 0.0098614
15 23.9 97.59 0.0849785 100 82.62 0.0150869 100 57.29 0.8195289
16 100 60.9 0.8317876 75.3 56.22 0.5272272 100 11.44 0.3152146 99 47.11 0.7096333
31 100 71.7 0.6994978 100 88.23 0.130566 100 80.87 0.2052513 99.1 64.7 0.6589272


6
1 100 55.94 0.6357065 100 42.31 0.3738845 100 22.26 0.4747257 98.9 41.65 0.7560387
2 100 13.53 0.3328932 94.8 22.61 0.0844746 100 66.56 0.087114 80.4 87.02 0.6598342
3 100 87.1 0.4545582 100 73.17 0.3190199 100 60.52 0.2065039 99.6 83.61 0.6020167
4 100 155.96 0.0783491 100 65.86 0.0684243 100 42.81 0.5500662 93.2 52.07 0.7651113
5 75 48.4 0.1662316 100 43.22 0.168365 100 28.37 0.3371586 47.8 41.81 0.682557
6 0 94.6 164.38 0.1328939 100 124.48 0.3048978 100 83.11 0.4907995
7 100 271.54 0.5986816 100 86.85 0.1436056 100 119.33 0.7603046 99.1 90.59 0.3174629
8 100 209.51 0.3999566 100 154.83 0.1422394 100 337.38 0.1202627 100 46.19 0.5207028
9 100 337.33 0.5092002 100 45.23 0.4346274 100 60.52 0.7493919 99.6 67.91 0.786926
10 100 126.23 0.6834652 100 34.48 0.2487661 100 38.05 0.210212 100 27.59 0.4290662
11 100 111.34 0.0499549 58.6 122.07 0.090056 100 184.43 0.0387841 100 152.78 0.2780313
12 100 84.67 0.0573226 28.2 171.63 0.0669127  
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Appendix E – Weather Data 
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4/17/2019 na 7.0 6.8 6.0 na 6.6 7.4 5.4 na 218 217 217 na SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% na 0.98 1.00 1.00


4/18/2019 3.9 11.3 9.4 12.0 4.1 2.1 0.0 0.8 217 217 217 217 SW SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 11.1% 0.0% 0.0% 0.0% 0.0% 1.00 1.00 1.00 1.00


4/19/2019 19.3 13.3 5.3 8.4 3.2 9.6 15.0 13.3 217 182 126 130 SW S SE SE ‐ ‐ ‐ ‐ 0.0% 8.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.86 0.90 0.97


4/20/2019 9.0 7.9 6.9 8.6 12.4 12.3 8.1 9.8 125 110 42 96 SE E NE E ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 12.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.82 0.99 0.88


4/21/2019 9.5 5.8 3.8 4.8 9.9 11.3 12.3 11.3 112 126 111 200 E SE E S ‐ ‐ ‐ ‐ 0.0% 12.5% 0.0% 66.7% 0.0% 0.0% 0.0% 41.7% 1.00 0.92 1.00 0.64


4/22/2019 3.6 7.9 11.2 14.2 8.6 11.1 12.2 7.4 324 338 340 339 NW N N N ‐ ‐ ‐ ‐ 100.0% 9.5% 0.0% 0.0% 100.0% 25.0% 0.0% 0.0% 0.96 0.98 0.99 0.99


4/23/2019 14.7 9.8 5.8 5.5 3.4 2.0 1.6 0.6 336 335 345 6 NW NW N N ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.95


4/24/2019 4.7 4.0 8.7 7.1 ‐0.4 2.0 3.6 2.6 43 24 231 235 NE NE SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.56 1.00 0.99


4/25/2019 5.3 3.9 4.0 5.3 1.4 5.1 10.2 5.4 228 214 253 140 SW SW W SE ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 6.7% 0.0% 0.0% 0.0% 0.0% 0.99 0.48 1.00 0.19


4/26/2019 6.9 6.3 8.1 10.8 2.8 1.8 0.3 ‐0.4 141 87 49 8 SE E NE N ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.89 0.98 0.97


4/27/2019 14.0 10.4 8.9 9.7 0.6 3.4 3.6 0.7 352 239 210 215 N SW SW SW ‐ ‐ ‐ ‐ 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.44 1.00 1.00


4/28/2019 13.2 8.4 8.7 9.6 ‐0.9 2.1 5.3 1.1 218 220 232 243 SW SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.99


4/29/2019 5.6 9.1 9.2 5.9 ‐0.9 1.9 4.1 2.1 243 230 223 245 SW SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 0.99 0.95


4/30/2019 3.3 4.7 9.6 7.4 1.8 3.2 7.6 4.2 186 209 247 241 S SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.96 0.77 1.00 0.99


5/1/2019 6.5 5.4 4.0 5.3 2.0 5.7 9.0 4.3 243 209 231 50 SW SW SW NE ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.96 0.55 0.38


5/2/2019 8.6 5.6 0.8 4.3 ‐0.4 0.4 3.4 1.7 349 359 194 165 N N S S ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.65 1.00 0.97


5/3/2019 5.5 4.9 3.7 4.6 1.0 2.2 2.4 2.6 160 119 108 174 S SE E S ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.92 0.99 0.77


5/4/2019 5.1 3.2 1.9 3.1 5.7 9.6 10.9 9.4 249 292 5 275 W W N W ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.98 0.40 0.99 0.81


5/5/2019 4.0 4.6 5.5 5.1 8.2 11.5 12.7 9.0 313 11 92 129 NW N E SE ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 31.8% 0.0% 0.0% 0.0% 0.0% 0.99 0.78 1.00 0.93


5/6/2019 1.7 4.6 4.8 8.1 7.8 12.0 13.2 8.3 105 57 110 151 E NE E SE ‐ ‐ ‐ ‐ 66.7% 5.0% 0.0% 0.0% 20.0% 5.9% 0.0% 0.0% 0.99 0.63 0.99 0.95


5/7/2019 10.0 5.7 6.3 6.6 7.2 9.6 9.5 7.6 164 164 227 251 S S SW W ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 1.00 0.76 0.99 0.99


5/8/2019 7.8 8.2 7.6 6.3 3.7 5.5 7.9 3.8 247 240 253 266 SW SW W W ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 25.0% 11.1% 0.0% 0.0% 1.00 0.97 1.00 0.90


5/9/2019 7.9 3.8 5.8 7.9 0.4 7.3 9.8 5.2 323 92 79 127 NW E E SE ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.20 0.98 0.95


5/10/2019 9.4 5.9 3.7 7.3 2.1 1.6 4.2 5.8 145 110 127 192 SE E SE S ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 4.5% 1.00 0.96 0.99 0.87


5/11/2019 9.4 10.5 10.4 7.6 7.3 6.8 7.3 4.8 227 232 234 247 SW SW SW SW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 1.00


5/12/2019 5.1 4.4 4.8 5.1 3.8 8.7 11.1 8.0 269 300 6 19 W NW N N ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.67 0.99 0.85


5/13/2019 6.5 6.7 6.4 7.2 4.7 6.1 5.9 2.0 351 21 72 31 N N E NE ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.88 0.99 0.93


5/14/2019 9.4 8.5 9.1 7.0 ‐1.1 ‐0.1 1.1 0.8 358 345 333 321 N N NW NW ‐ ‐ ‐ ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.98


5/15/2019 5.9 5.9 6.1 3.0 ‐0.6 3.5 6.4 5.3 327 273 248 315 NW W W NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.92 1.00 0.35


5/16/2019 4.8 5.7 4.9 4.6 3.8 8.4 8.8 7.9 163 232 354 91 S SW N E 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.58 1.00 0.79


5/17/2019 4.7 4.4 4.3 7.4 7.6 6.8 6.9 7.4 105 90 37 234 E E NE SW 0 140 40 15 0.0% 0.0% 0.0% 28.6% 0.0% 0.0% 0.0% 0.0% 1.00 0.90 0.99 0.64


5/18/2019 10.1 8.2 6.2 4.4 6.7 9.3 10.8 9.7 211 241 237 264 SW SW SW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 0.99 0.58


5/19/2019 3.0 4.0 6.6 4.5 9.0 8.3 8.6 7.5 139 40 350 19 SE NE N N 0 120 22 188 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.97 0.67 1.00 0.66


5/20/2019 2.0 5.9 7.4 9.6 7.8 14.2 18.2 15.3 127 160 195 214 SE S S SW 0 60 0 0 33.3% 21.7% 0.0% 0.0% 0.0% 14.8% 0.0% 0.0% 0.51 0.93 0.99 0.98


5/21/2019 11.0 13.6 14.5 11.6 9.1 7.4 7.9 6.4 224 224 241 253 SW SW SW W 0 285 0 15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.99


5/22/2019 7.0 5.6 3.1 3.8 4.5 9.5 15.7 11.3 259 273 300 350 W W NW N 0 45 0 0 ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.96 0.99 0.12


5/23/2019 5.5 4.6 5.1 3.9 9.5 12.3 10.5 7.6 169 106 72 50 S E E NE 21 35 49 186 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 1.00 0.83 0.97 0.97


5/24/2019 2.5 7.1 5.6 6.5 7.4 8.2 11.7 10.9 144 301 311 258 SE NW NW W 15 36 48 75 100.0% 4.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.76 0.79 1.00 0.97


5/25/2019 7.1 5.2 5.2 7.4 10.5 15.6 13.5 10.0 251 180 110 127 W S E SE 0 60 0 318 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.52 0.99 0.98


5/26/2019 7.2 6.9 7.0 7.8 7.6 15.3 19.8 16.4 136 203 247 245 SE SW SW SW 60 86 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.88 1.00 0.98


5/27/2019 4.5 6.9 7.8 6.3 13.1 13.6 12.8 9.1 271 238 246 271 W SW SW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.98 0.97 1.00 0.91


5/28/2019 5.3 5.1 3.9 4.8 7.2 5.1 1.6 1.1 321 106 130 21 NW E SE N 0 421 44 0 0.0% 0.0% 0.0% 0.0% 12.5% 0.0% 0.0% 0.0% 1.00 0.60 1.00 0.76


5/29/2019 5.6 3.5 4.2 5.5 1.2 5.4 6.8 5.8 347 24 111 142 N NE E SE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.44 1.00 0.97


5/30/2019 5.9 5.1 5.6 5.7 5.6 10.3 10.6 7.8 161 143 98 142 S SE E SE 0 0 0 0 0.0% 0.0% 0.0% 17.6% 0.0% 0.0% 0.0% 6.3% 1.00 0.95 0.99 0.91


5/31/2019 5.6 5.5 4.3 4.5 8.9 12.1 15.1 10.8 209 231 249 238 SW SW W SW 0 0 0 0 100.0% 5.6% 0.0% 0.0% 20.0% 5.6% 0.0% 0.0% 1.00 0.94 0.99 0.98


6/1/2019 4.8 2.7 4.5 5.0 9.5 11.9 13.9 10.8 239 174 64 95 SW S NE E 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.44 1.00 0.96


6/2/2019 2.2 3.6 4.4 5.5 7.3 8.9 11.0 8.9 123 79 94 148 SE E E SE 0 45 0 104 0.0% 8.6% 0.0% 16.7% 0.0% 0.0% 0.0% 20.0% 0.99 0.88 0.99 0.80


6/3/2019 8.7 9.3 12.0 9.8 9.9 11.6 8.0 6.0 226 214 206 220 SW SW SW SW 0 0 0 0 75.0% 15.8% 0.0% 0.0% 20.0% 0.0% 0.0% 0.0% 1.00 0.91 0.99 1.00


6/4/2019 8.1 8.1 5.0 7.4 5.8 9.6 12.5 9.9 218 217 193 194 SW SW S S 0 0 0 73 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.98


6/5/2019 5.5 5.1 3.8 4.8 7.0 11.3 15.1 12.8 181 194 166 117 S S S SE 17 0 0 328 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.93 0.99 0.88


6/6/2019 2.3 5.1 9.0 6.8 11.5 15.4 19.2 15.5 358 301 227 259 N NW SW W 60 32 0 0 0.0% 0.0% 0.0% 12.0% 0.0% 0.0% 0.0% 13.6% 0.99 0.78 1.00 0.93


6/7/2019 5.2 4.9 6.3 6.1 14.0 17.5 21.0 15.7 323 248 234 273 NW W SW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.99 0.36 1.00 0.89


6/8/2019 4.7 5.2 3.9 3.8 12.0 15.8 20.2 14.8 299 265 339 318 NW W N NW 0 0 0 90 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.83 1.00 0.92


6/9/2019 3.7 3.4 6.8 8.4 13.4 19.1 21.3 19.4 334 144 142 193 NW SE SE S 0 0 0 0 0.0% 0.0% 0.0% 0.0% 28.6% 0.0% 0.0% 0.0% 1.00 0.36 1.00 0.90


6/10/2019 8.6 4.3 7.6 6.3 20.3 23.8 19.7 13.1 226 126 95 92 SW SE E E 0 0 0 105 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.47 1.00 0.97


6/11/2019 7.4 7.7 10.4 11.0 11.7 13.7 13.2 11.2 67 146 239 242 NE SE SW SW 0 390 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.33 1.00 0.99


6/12/2019 6.2 6.6 5.9 6.9 9.1 15.3 19.3 15.2 217 214 136 152 SW SW SE SE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.85 0.99 0.96
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EXECUTIVE SUMMARY 


The Canton Mountain Wind Project (Project) is an 8-turbine, 22.8 megawatt wind energy facility 
in Canton, Maine that became operational in November 2017. The Project is operated by Canton 
Mountain Wind, LLC which is an affiliate of Patriot Renewables, LLC (Patriot). Patriot contracted 
Tetra Tech, Inc. to perform post-construction monitoring for bird and bat fatalities and an avian 
radar survey (Study). The Study was conducted in compliance with the Site Location of 
Development Act and Natural Resources Protection Act permits issued for the Project in June 
2014 by the Maine Department of Environmental Protection (#L-255558-24-A-N/L-25558-TB-B-
N), and in consideration of and cooperation with concerns expressed by Maine Department of 
Inland Fisheries and Wildlife and the U.S. Fish and Wildlife Service about the potential impacts of 
wind development on birds and bats. The primary objective of the Study was to estimate bird 
and bat fatalities at the Project during operation. This objective was achieved during Year 1 
(2018) of the Study by identifying fatalities by species at each turbine during spring bird and bat 
migration, summer residency and breeding, and fall bird and bat migration. All eight turbines 
were searched 5 days a week each season, resulting in 704 turbine searches over a 19-week 
period. 


There were no bat fatalities, but 11 bird fatalities were collected and recorded during the Study. 
Fatalities consisted of seven avian species, including five songbirds, one hawk, and one kingfisher 
species. One unidentified species of small bird also was documented. The highest number of bird 
fatalities (n = 6) was found during the spring migration season, followed by the fall migration 
season (n = 5), and no fatalities were found during the summer residency and breeding season. 
Fatalities occurred at five of the eight turbines during the survey period, with most fatalities 
documented at turbine 7 (n = 3) and two fatalities each at turbines 3, 4, 5, and 8. Carcass 
distribution averaged approximately 40 meters (131 feet) from turbines with the closest fatality 
found approximately 14 meters (46 feet) from a turbine, and the farthest fatality found 
approximately 78 meters (256 feet) from a turbine. Most of the fatalities (n = 9) were found in 
areas where visibility was moderate, with the remaining fatalities found in areas with easy 
visibility (n=2). 


The observed numbers of fatalities documented at the Project during standardized searches were 
analyzed and adjusted using the Huso estimator. The site total estimate for avian fatalities was 
64 fatalities per year and the per-turbine estimate was 7.9 fatalities per year (Table ES-1). Thus, 
one bird carcass found in the field scales up to 5.82 fatalities when the adjustment factor is 
applied. The per-megawatt estimate for the Project is 2.8 bird fatalities per megawatt. Small birds 
and the spring and fall seasons all had enough fatalities to run the Huso estimator by category. 
The site total estimate for small birds was 57. The site total estimates for the spring and fall were 
33 and 32, respectively. 


The highest number of bird fatalities at the Project was found in the spring migration season (55 
percent), which was not much more than the number of bird fatalities found during the fall 
migration season (45 percent), and no fatalities were found during the summer. There is no clear 
correlation between the timing of when fatalities were found and target passage rates measured 
by radar, which is consistent with recent published research. Although most targets were above 
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the rotor swept zone, the frequency of low visibility conditions during nocturnal migration could 
be a more important indicator of turbine collision risk. A comparison of results from a radar study 
conducted in 2010 (DeTect 2012a, 2012b) with the current Study indicates that average target 
passage rates were higher in 2018 compared to 2010. This difference in target passage rates 
could be attributed to many factors including yearly variation, seasonal variation, the siting of 
the radar unit, or the use of a different radar model for the fall 2010 survey. This comparison 
indicates that radar data is variable, but it also suggests that target passage rates measured by 
radar may not be a reliable predictor of fatalities. 


Year 1 of the Study was conducted during the first year that the Project was operational. Patriot 
will report the findings from Year 1 to Maine Department of Inland Fisheries and Wildlife, as 
required by the Project’s Post-Construction Monitoring Plan (Tetra Tech, Inc. 2017; Appendix A). 
Also, as dictated by the Project’s Post-Construction Monitoring Plan, Year 2 of the Study is 
currently planned for 2019, followed by Year 3 in 2020.  


Table ES-1. Post-construction Fatality Monitoring Summary for Canton Mountain Wind 
Project, Year 1 (2018). 


Variable Value 


Study Metrics 


Number of Project turbines / turbines 
searched 


8 / 8 


Project size (megawatts) 22.8 megawatts 


Turbine specifications General Electric 2.85-103 (8 turbines) 


Hub height: 85 meters (279 feet) 


Rotor diameter: 103 meters (338 feet) 


Maximum blade tip height: 137 meters (448 feet) 


Study period April 15–October 31, 2018 


Search interval 5 surveys per week for Spring (April 15–June 1)  


5 surveys per week in Summer (August 1–September 1) 


5 surveys per week in Fall (September 1–October 31) 


Bird Fatality Estimate 


Mean fatality rate per turbine per year 7.9 


Mean fatality rate per megawatt per year 2.8 


Bat Fatality Estimate 


Mean fatality rate per turbine per year1 0.4 


Mean fatality rate per megawatt per year1 0.1 


1 – Obtained via Evidence of Absence analysis (Dalthorp et al. 2017) 
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1.0 INTRODUCTION 


The Canton Mountain Wind Project (Project) became operational in November 2017. The Project 
is operated by Canton Mountain Wind, LLC which is an affiliate of Patriot Renewables, LLC 
(Patriot). Patriot contracted Tetra Tech, Inc. (Tetra Tech) to perform post-construction 
monitoring for bird and bat fatalities and an avian radar survey (Study). The Study was conducted 
in compliance with the Site Location of Development Act and Natural Resources Protection Act 
permits issued for the Project in June 2014 by the Maine Department of Environmental 
Protection (MDEP; #L-255558-24-A-N/L-25558-TB-B-N), and in consideration of and cooperation 
with concerns expressed by Maine Department of Inland Fisheries and Wildlife (MDIFW) and the 
U.S. Fish and Wildlife Service (USFWS) about the potential impacts of wind development on birds 
and bats. 


The primary objective of the Study was to estimate bird and bat fatalities at the Project during 
operation. This objective was achieved during Year 1 (2018) of the Study by identifying fatalities 
by species at each turbine during spring bird and bat migration, summer residency and breeding, 
and fall bird and bat migration. To estimate the annual fatality rates of birds and bats at the 
Project, Tetra Tech conducted standardized carcass surveys, searcher efficiency trials, and 
carcass persistence trials. Results were compared with nightly passage rates collected by radar.  


The Study provides MDEP and Patriot with data that can be used to compare the mean estimated 
mortality at the Project to other wind projects where post-construction fatality monitoring has 
been performed. Furthermore, the Study contributes fatality data in a region where few fatality 
studies have been conducted. Regulatory agencies and wind energy development stakeholders 
also benefit from the Study with a better understanding of the risks to wildlife from operating wind 
turbines. 


Year 1 of the Study was conducted during the first year that the Project was operational. 
According to the Project’s Post-Construction Monitoring Plan (Tetra Tech 2017; Appendix A), Year 
2 of the Study is currently planned for 2019, followed by Year 3 in 2020. Based on the Project’s 
permits, Patriot must contact MDIFW and USFWS to review the findings from Year 1 and adjust 
the plan based on agency recommendations. The plan must then be re-evaluated and approved 
by MDEP prior to starting the Year 2 survey in 2019. 


 Project Description 


The Project consists of eight General Electric 2.85-103 turbines along the ridgeline of Canton 
Mountain in Canton, Maine (Figure 1). Each turbine can generate up to 2.85 megawatts of 
electricity per hour for a total nameplate capacity of 22.8 megawatts. Each turbine is 
approximately 85 meters (279 feet) from the ground to the top of the tower. The rotor diameter 
of each turbine is approximately 103 meters (338 feet). The total height of each turbine from the 
ground to the tip of a fully extended blade (maximum blade tip height) is  
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Figure 1. Site Overview Map of the Canton Mountain Wind Project, Year 1 (2018). 
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approximately 137 meters (448 feet). The ridgeline road between the turbine sites is 
approximately 2,224 meters (7,297 feet) long. 


Four of the eight turbines have red, medium-intensity, nighttime warning lights mandated by the 
Federal Aviation Administration (FAA). Lighting of the turbines is pursuant to FAA aviation hazard 
lighting standards. The Project uses the minimum number of aviation hazard lights acceptable to 
the FAA. This currently includes one L864 red aviation hazard light each on the first and last 
turbines, and on two turbines in the middle (Turbines 1, 4, 7, and 8). There are no additional lights 
on the turbines, thus avoiding the potential of attracting insects and drawing birds and bats 
toward the facility. 


2.0 METHODS 


Wind energy facility fatality estimates are based on the number of carcasses found during carcass 
searches conducted under or near operating turbines. Both the ability of a searcher to detect 
carcasses (searcher efficiency) and the duration that carcasses persist onsite before being 
detected by a searcher (carcass persistence time) can bias the number of carcasses found during 
searches. Therefore, this Study included: 


(1) standardized carcass surveys for fatalities associated with operation of the 
Project, 


(2) searcher efficiency trials to assess a searcher’s proficiency at finding carcasses, 
and 


(3) carcass persistence trials to assess the seasonal, Project-specific duration that 
carcasses remain available to be detected by a searcher. 


 Standardized Carcass Surveys 


The objective of the standardized carcass surveys was to systematically survey search plots for 
bird and bat fatalities attributable to collisions with the towers. The standardized searches were 
conducted from April 15 to October 31, 2018. The search interval was five surveys per week at every 
turbine for each of the following seasons: 


• Spring bird and bat migration (April 15 to June 1) 


• Summer residency and breeding (August 1 to September 1) 


• Fall bird and bat migration (September 1 to October 31) 


An initial sweep of the survey area was conducted prior to the first survey to document and 
remove any fatalities that occurred prior to initiation of the Study. Any carcasses found during 
the sweep survey were documented as incidentals and excluded from the fatality estimate. In 
2018, Tetra Tech trained one searcher how to conduct standardized carcass surveys during a two-
day training held on-site prior to the start of the Study. The first standardized carcass survey was 
scheduled for April 16 and the last was scheduled for October 31. Survey results were 
differentiated for each of the seasons listed above. Winter surveys were not conducted due to 
lack of bird and bat activity and site challenges related to ice and snow. 
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2.1.1 Turbines Sampled and Search Plot Configuration 


All eight turbines were included in the Study. Tetra Tech used a fitted distance model to ensure 
the appropriate search plot size for detecting at least 90 percent of turbine-related small bird, 
large bird, and bat fatalities (Hull and Muir 2010). Tetra Tech calculated search plot size based on 
Hull and Muir’s models for 150-meter (492-foot) turbines, which provided conservative estimates 
since the Project’s maximum blade tip height is only 137 meters (448 feet). Based on Hull and 
Muir’s models Tetra Tech determined that 90 percent of: 


• small bird fatalities can be found within 63 meters (207 feet) of a turbine; 


• large bird fatalities can be found within 93 meters (305 feet) of a turbine; and 


• bat fatalities can be found within 49 meters (161 feet) of a turbine. 


Thus, to ensure that at least 90 percent of all fatalities were detected, Tetra Tech used a radius 
of approximately 100 meters (328 feet) as the basis for each search plot. 


Prior to the start of surveys, Tetra Tech biologists walked each search plot to delineate the 
searchable area using global positioning system (GPS) units. The searchable areas included all 
cleared and level areas, gravel roads, and other easily to moderately searchable areas within 100 
meters (328 feet) of the turbines. For safety reasons, steep slopes, boulder fields, and other areas 
with unstable rocks and numerous crevices were deemed unsearchable. In addition, forested 
areas and any other areas that could not be searched efficiently also were excluded. The resulting 
search plots were irregular polygons shaped by the turbine pad and roads unique to each turbine 
site. To enhance visibility, stakes were sprayed with fluorescent orange paint to mark the 
perimeter of the search plots (Appendix B). Search plots were fixed for the duration of the Study.  


After the search plots were delineated in the field, the areas for habitat codes and visibility classes 
were mapped for each search plot in geographic information system data using aerial 
photography (Appendix B). Habitat codes and visibility classes were designated as follows: 


• Turbine pads/roads ->  easy 


• Slash/revegetation -> moderate 


• Rock   -> difficult  


Despite the irregular shapes of the search plots, a search pattern was used whereby transects 
were spaced approximately 6 meters (20 feet) apart and walked by a trained searcher. Transects 
at each of the turbines were walked slowly to ensure adequate time to locate bird and bat 
carcasses. 


2.1.2 Accounting for Unsearched Areas 


In their paper Accounting for Unsearched Areas in Estimating Wind Turbine-Caused Fatality, Huso 
and Dalthorp (2014) concluded that if enough carcasses were found at a Project, then searches 
could be limited to easily searched areas (e.g. roads, pads), and a site-specific relative density 
model could be used to estimate the fraction of carcasses in areas that could not be searched. If 
there were only a few carcasses found, however, then the relative density of carcasses in 
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unsearched areas could be estimated using a ballistics model like that presented by Hull and Muir 
(2010, Huso and Dalthorp 2014). The Hull and Muir model (2010) assumes that turbine-related 
fatalities are distributed around a turbine depending on many factors including maximum blade 
tip height, operational speed of the turbine, and species’ size (e.g. larger, heavier carcasses tend 
to land farther from turbines than smaller, lighter carcasses; Hull and Muir 2010). Since the 
Project is only in its first year and the observed number of carcasses was small, the Hull and Muir 
ballistics models paired with empirical statistical models were used for the Study. 


2.1.3 Data Collection 


Tetra Tech’s searcher adhered to permit restrictions and strict protocols when collecting fatality 
data. Patriot applied for and received a federal Migratory Bird Special Purpose Utility Permit – 
Wind issued by USFWS (permit #MB70585C-0, valid February 15, 2018–December 31, 2020) and 
a Maine Wildlife Scientific Collection Permit issued by MDIFW (permit #2018-534, valid March 
26, 2018–November 1, 2018; Appendix C). These permits allow for the collection, transport, and 
temporary possession of birds and bats found as fatalities at the Project.  


As feasible based on the condition of each carcass, the searcher noted species, sex, and age of 
the carcass; and recorded the date, time found, GPS location, condition (intact, scavenged, 
feather spot), observer, turbine number, and noted any indications for possible cause of death. 
An unknown number of fatalities may have resulted from natural predation, disease, or 
anthropogenic events (e.g. shooting). However, it is often too difficult to determine cause of 
death based on condition of the carcass when found. Therefore, searchers assumed that 
carcasses found within the search plots were a result of collisions with turbines, unless the cause 
of death was clearly attributable to another cause (e.g. raptor kill). 


Each carcass was photographed in situ. All data and photographs were recorded and 
georeferenced using an iPad paired with a Bad Elf GPS unit and running ArcGIS Collector. Once 
data collection for the carcass was completed, each fatality was placed in a freezer bag that was 
marked with the fatality details (species, date, and plot) and stored in a freezer at the Project’s 
operations and maintenance facility. 


Fatalities found outside the formal search area were recorded as incidental finds and followed 
the same data recording protocol. However, since statistical analysis requires a known search 
interval (i.e. an estimate of when fatalities occurred), incidental observations of carcasses were 
not included in the analysis. Incidental carcasses were those found during the sweep surveys to 
remove carcasses from the search plots prior to initiating the Study, and any carcasses found 
outside of defined search plots or outside of scheduled survey dates. 


 Searcher Efficiency Trials 


Searcher efficiency trials were conducted to estimate the percentage of bird fatalities that 
searchers were able to find. Searcher efficiency trials began at the start of standardized carcass 
searches and were conducted within established search plots. Generally, every searcher working 
on a study would be tested depending on funding, the availability of carcasses, and the schedule 
of the tester (a Tetra Tech biologist). In 2018, however, the Study was completed with only one 
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searcher and thus only one searcher was tested. The searcher did not know when the searcher 
efficiency trials were being conducted or the locations of the carcasses placed by the tester. The 
tester was responsible for placing carcasses in random locations within search plots, excluding 
areas where carcasses could be run over by vehicles. 


Juvenile quail (Order Galliformes, 2 to 3 weeks old) were used as surrogates for small birds, and 
adult female pheasants (Order Galliformes) were used as surrogates for large birds. It should be 
noted that some studies have discontinued the use of large birds because research has shown 
that they can bias scavenging rates by artificially flooding sites with carcasses. The additional 
carcasses may attract predators who scavenge or remove the carcasses thus affecting persistence 
rates, and ultimately may influence the fatality estimate (Smallwood et al. 2010). Brown and black 
mice (Mus spp.; acquired from Rodent Pro in Evansville, Indiana) were used as surrogates for 
bats. It should also be noted that the use of mice as a proxy for bats may result in conservative 
searcher efficiency estimates since, lacking wings, mouse carcasses tend to fall through taller 
grass and underbrush; whereas bat wings tend to catch on undergrowth and suspend bat 
carcasses in more visible locations. 


Carcasses were all fresh carcasses that had been frozen. Three searcher efficiency trials were 
conducted each season (spring, summer, fall) for a total of nine trials. For each season, the tester 
distributed a minimum of 10 carcasses per size class (small bird, large bird, bat) for a total of 30 
carcasses per season and a grand total of 90 searcher efficiency carcasses distributed (Table 1). 


Carcasses were dropped from waist height or higher, so they would land in random poses. Each 
carcass was discreetly marked with a unique number to identify it as part of the Study (just in 
case it was accidentally discovered by wind facility personnel), and the location was logged as a 
point on a dedicated searcher efficiency trial GPS unit. For each carcass, the tester recorded the 
unique carcass number, turbine number, habitat code, and GPS point on standardized datasheets 
along with any necessary notes. 


At the end of each trial day, the searcher reviewed the datasheet, retrieved all searcher efficiency 
carcasses not already found during standardized carcass searches, and completed the datasheet 
indicating whether each searcher efficiency carcass was found. If a carcass that was not found by 
the searcher also could not be relocated with the GPS unit at the end of the trial day, it was 
assumed to have been scavenged and thus unavailable to be found by the searcher. These 
carcasses were noted on the datasheet and not included in the analysis.  


The ability of searchers to detect carcasses can be influenced by many factors, including the skill 
of the individual searcher in finding carcasses; the vegetation composition, height, or visibility 
class within the search area; and the characteristics of individual carcasses (e.g. body size, color). 
Estimates of searcher efficiency can be used to adjust carcass counts for detection bias. 


The estimated searcher efficiency (𝑝) is defined by Huso (2011) as: 


�̂� =  
𝑛𝑖


𝑘𝑖
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where 𝑛𝑖  is the number of trial carcasses found for each carcass category, and 𝑘𝑖  is the number 
of trial carcasses available to be found for each carcass category. 


Data from searcher efficiency trials were pooled across all seasons and modeled using a logistic 
regression to determine if carcass size influenced searcher efficiency. Carcass size was included 
as a variable because large carcasses (birds) might be easier to find than small carcasses (bats). 


Table 1. Summary of Searcher Efficiency Trial Carcasses Distributed at Canton Mountain 
Wind Project, Year 1 (2018). 


Season Trial Date Small Birds Large Birds Mice Total 


Spring 


1 4/27/2018 3 4 3 10 


2 5/10/2018 4 3 3 10 


3 5/24/2018 3 3 4 10 


Summer 


1 8/7/2018 3 4 3 10 


2 8/16/2018 4 3 3 10 


3 8/21/2018 3 3 4 10 


Fall 


1 9/6/2018 3 4 3 10 


2 9/20/2018 4 3 3 10 


3 10/9/2018 3 3 4 10 


Totals 30 30 30 90 


 


 Carcass Persistence Trials 


The objective of carcass persistence trials (also called scavenger removal trials) is to account for 
removal bias by estimating the number of days a carcass persists in a study area before it is 
removed by predation, scavenging, or by other means (e.g. driven over). It is assumed that 
carcass removal occurs at a constant rate and does not depend on the time since death of the 
organism. Estimates of carcass persistence are used to adjust the total number of carcasses found 
by the probability that a carcass was available to be found. 


Carcass persistence trials were conducted by the searcher in 30-day study periods during the 
spring, summer, and fall seasons. Ten carcasses of each category (small birds, large birds, and 
bats) were used for each seasonal carcass persistence trial for a total of 30 carcasses per season, 
and a grand total of 90 carcasses placed (Table 2). As in the searcher efficiency trials, juvenile 
quail (2 to 3 weeks old) were used for small birds, adult female pheasants were used for large 
birds, and brown and black mice were used for bats. Carcasses were all fresh carcasses that had 
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been frozen. Some studies have cautioned that large carcasses can bias scavenging rates by 
artificially flooding the site with carcasses and, potentially, predators in response to the 
abundance of carcasses which can affect the persistence rates and thus influence the fatality 
estimate (Smallwood et al. 2010). This was observed by Tetra Tech during the persistence trials 
held at the Saddleback Ridge Wind project located approximately 12 kilometers (7 miles) 
northwest from the Project, with turkey vultures (Cathartes aura) being attracted by the 
carcasses (Tetra Tech 2017). In addition, Hale and Karsten (2010) found that using mice as 
surrogates for bats could significantly affect carcass persistence estimates. In their study, bats 
persisted on average 3 days longer than mice and the shorter persistence times for mice resulted 
in an upward bias of fatality estimates for bats (Hale and Karsten 2010). 


Beginning on the initial day of the carcass persistence trial (day 0), the searcher placed trial 
carcasses at random locations in habitats representative of the cover type found within search 
plots. The field biologist dropped the carcasses from waist height or higher, which allowed the 
carcasses to land in random poses. Each persistence trial carcass was marked prior to dropping 
to identify it as part of the Study just in case it was accidentally found by wind facility personnel.  


To determine the date of carcass removal and minimize bias in the carcass persistence 
calculations the searcher checked on trial carcasses on days 1, 2, 3, 4, 7, 10, 14, 21, and 30 or until 
all evidence of each carcass was gone, whichever was sooner. At the end of the 30-day period, the 
searcher removed any remaining evidence of carcasses. 


Data from carcass persistence trials were modeled using an interval-censored parametric failure 
time model, which is a type of survival model, to determine if size influenced carcass persistence. 
Carcass size was included as a variable since large carcasses might persist longer than small 
carcasses. To determine the distribution for carcass persistence time that best fit the data, model 
selection was based on the Akaike Information Criterion (AIC). The AIC is a measure of the 
“relative goodness of fit” of a statistical model and is used to select the best model (e.g. to identify 
if carcass size impacted carcass persistence). Four distributions were included in the analysis: 
exponential, Weibull, log-logistic, and log-normal. The model with the lowest AIC value was 
considered to best explain the variance in carcass persistence, and estimates generated from this 
model were used in the fatality rate calculations. Models that had an AIC value that differed by 
two or more were deemed not adequate to explain variations in carcass persistence. In this case 
bootstrap estimates1 of carcass persistence time and 95 percent confidence intervals were 
calculated, using 1,000 replicates and by carcass category.  


The mean probability of persistence (�̂�) is defined by Huso (2011) as: 


�̂� =
�̂� (1 − 𝑒−𝐼/�̂�)


𝑚𝑖𝑛 (𝐼, 𝐼).
 


 


 
1 A statistical modeling procedure where a known set of data is resampled with replacement and repeated a large 
number of times to develop confidence intervals or other measures of accuracy (Diaconis and Efron 1983). 
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where 𝑡̅̂ is the mean carcass persistence time, I is the actual search interval and 𝐼 is the effective 
search interval (the length of time when 99 percent of the carcasses can be expected to be 


removed; 𝐼 = - log (0.01) * �̂�). 


The persistence time of trial carcasses that survived until the end of the trial period is equal to 
the total number of days in the trial (i.e. right censored). However, carcasses not removed by the 
end of the trial could have persisted longer. Therefore, calculating a mean carcass persistence 
time using all the data would underestimate persistence because it would incorrectly assume 
that carcasses that “survived” until the end of the trial were scavenged on the last day of the trial. 
Carcass persistence is obtained by summing the days each trial carcass persisted and dividing by 
only those carcasses that were scavenged; thus, the carcasses that were not scavenged by the 
end of the trial are excluded from the denominator when obtaining the mean persistence time. 
Consequently, average carcass persistence time can exceed the 30-day trial period. 


Table 2. Summary of Carcass Persistence Trial Carcasses Distributed at Canton Mountain 
Wind Project, Year 1 (2018). 


Trial Small Birds Large Birds Mice Total 


Spring 10 10 10 30 


Summer 10 10 10 30 


Fall 10 10 10 30 


Total 30 30 30 90 


 


 Fatality Estimation 


Fatalities at wind projects are statistically estimated because searcher efficiency is less than 100 
percent (i.e. searchers sometimes miss carcasses) and carcass persistence can be shorter than 
the search interval (i.e. fatalities are missed because the carcass is removed by scavengers before 
it can be counted by searchers). Additionally, only a proportion of the distribution of carcasses 
beneath a turbine is typically included in the search area due to search plot size, presence of non-
searchable areas, and other factors. Therefore, to estimate fatalities and account for these 
potential study biases, the Huso estimator (Huso 2011) was used, which has been shown to 
reduce bias in fatality estimates.  


The Huso estimator generates fatality estimates using the following equation: 


f̂ijk = 
cijk


p̂jk∗ r̂jk∗𝑎𝑖𝑘∗ v̂jk
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• f̂ijk is the estimated fatality at the ith turbine during the jth search in the kth category (small 


birds, large birds, bats). 


• cijk is the observed number of carcasses at the ith turbine during the jth search in the kth 
category. 


• r̂jk is a function of the mean carcass persistence time, and the length of the search interval 


preceding the discovery of a carcass. r̂jk is calculated using the lower value of I, the actual 


search interval when a carcass is found or I,̂̃ the effective search interval, and is estimated 
through searcher efficiency trials previously described. 


• v̂jk is the proportion of the effective search interval sampled where v̂ = min (1, Ĩ I⁄ ). 


• p̂jk is the estimated probability that a carcass in the kth category that is available to be 


found will be found during the jth search. 


• aik is the proportion of the carcass distribution searched for the kth category at the ith 
turbine. 


• p̂jk, r̂jk, and v̂jk are assumed not to differ among turbines but can differ with carcass size 


and season.  


To obtain an estimate of the number of fatalities the following equation is used: 


f ̂ =
∑ ∑ ∑ f̂ijk


3
k=1


ni
j=1


8
i=1


t
 


where ni is the number of searches at turbine i (i = 1,…, 8) and t is the effective number of turbines 
searched (t = 8).  


Variation in the fatality estimate typically results from two major components: 1) variance in the 
fatalities detected among turbines (sample variance), and 2) variance in the modeled fatality 
estimate (model variance) arising from variance in the detection bias (searcher efficiency and 
carcass persistence). Fatalities occur as discrete counts (i.e., they occur as whole numbers) and 
the more turbines that are searched the lower the sample variance. When not all turbines are 
sampled, the fatality rate estimated for the sampled turbines is scaled to all turbines to obtain 
the estimated total for the project. Thus, high variation among turbines results in high variation 
in the project estimate. However, because all turbines were searched at the Project, sample 
variance is eliminated for this Study.  


In areas with low bird activity during winter, such as Maine, fatalities are assumed to be negligible 
during winter, and fatality estimates are typically reported per year even though carcass searches 
are typically not conducted during winter (e.g. Gruver et al. 2009). Therefore, we report the 
fatality estimate calculated for spring, summer, and fall data combined as “fatalities per year.” 
We calculated the number of fatalities per turbine per year and number of fatalities per 
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megawatt per year. To calculate 95 percent confidence intervals around the fatality estimate, 
1,000 bootstrap estimates were conducted to calculate a variance structure based on the random 
draws from the dataset. 


The Evidence of Absence (EoA) software package (Dalthorp et al. 2017) was used to address the 
problem of estimating numbers of fatalities over an extended period by using systematic counts 
of carcasses and adjustments of the carcass counts to account for imperfect detection. Imperfect 
detection may be due to any of several possible detection biases, for example: (1) search teams 
fail to find carcasses that are present in the searched area at the time of the search, (2) scavengers 
remove carcasses before searches are conducted, (3) carcasses fall outside the searched area, or 
(4) fatalities occur outside the monitored period. The EoA software utilizes site-specific survey 
data including search interval, searcher efficiency, carcass persistence time, and observed 
fatalities to provide an estimate of the total fatality and quantifies the uncertainty associated 
with the estimation. 


 Radar Survey 


Tetra Tech deployed a MERLIN avian radar system to collect data at the Project from April 14 to 
May 31 and from August 30 to October 25; these date ranges were approximately in line with the 
spring and fall fatality monitoring seasons. The MERLIN avian radar system is an advanced, 
automated radar system used for remote detection and tracking of bird and bat activity. A remote 
data uplink allowed remote system monitoring, access to recorded data, and system 
administration. The MERLIN system collected radar data continuously (24 hours a day, 7 days a 
week), except for limited periods of system maintenance or downtime. 


A model XS2530e MERLIN avian radar system was used to survey the Project. This model has dual 
marine, magnetron radar sensors: a 25-kilowatt power, X-band frequency (3-centimeter 
wavelength), vertical scanning radar (VSR) sensor, and a 30-kilowatt power, S0band (10-
centimeter wavelength), horizontal surveillance radar (HSR) sensor. Both were mounted on a 
scissor lift that raised the X-band sensor 12 feet and the S-band 15 feet. 


The Merlin avian radar system used modern, marine-grade radar signal processing technology to 
collect, process, and store 12-bit digitized radar data from both the VSR and HSR. Target data 
from both radars was processed in real-time by the MERLIN software at the radar with all data 
on targets, tracks, and system parameters recorded to internal system databases. Both the VSR 
and HSR used MERLIN software version 4.14.0 with Tracker 2.0.0.1. Analysis of the radar data 
was conducted by DeTect’s Data Systems and Services department in Panama City, Florida. 


VSR data collected was used to develop information on target passage rates and heights. VSR 
data was standardized to a 1-kilometer front per hour, the industry standard for most migratory 
and wind energy avian studies and risk analyses. For this Project, target passage rates are further 
defined as the number of targets detected within the right-sided 1-kilometer front during a 1-
hour period (1 kilometer to the right of the radar) to avoid an area of frequent interference on 
the left side. HSR data collected was used to develop information on the movement of targets. 
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The HSR data were queried and an average target direction was generated for each biological 
period and hour; target (angular) concentrations also were calculated for each biological period. 


Weather data was collected from Turbine 3 on site. Visibility records were accessed from two 
nearby airports. For the purposes of the avian risk assessment for this Study, low visibility 
potentially resulting in bird collision risk is defined as visibility equal to or less than 0.8 kilometer 
(0.5 mile) based on the National Weather Service’s lowest visibility threat level for humans. To 
look for trends between radar and weather variables; target passage rates, directions, and 
angular concentration were grouped by average nightly wind direction. Target passage rates, 
angular concentration, and several other weather variables (wind direction, wind angular 
concentration, wind speed, temperature, rain, and low visibility) also were grouped by target 
direction. 


3.0 RESULTS 


 Standardized Carcass Searches 


Fatality estimates for the Project are based on three seasons (spring, summer, and fall) of data 
collected between April 15 and October 31, 2018. All eight turbines were searched 5 days a week 
each season, resulting in 704 turbine searches over a 19-week period. Due to icy conditions, 
searches were not performed on the first scheduled day of the spring season. There were no bat 
fatalities, but 11 bird fatalities were collected and recorded (Table 3).  
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Table 3. Summary of Bird Fatalities Found during Carcass Searches at the Canton 
Mountain Wind Project, Year 1 (2018).  


Date 
Found 


Size Species Season Turbine 
Distance to 


Turbine 
(meters) 


Visibility 
Class 


5/10/2018 Small Bird 
Northern parula (Setophaga 


americana) 
Spring 8 35 Moderate 


5/17/2018 Small Bird 
Golden-crowned kinglet (Regulus 


satrapa) 
Spring 7 56 Moderate 


5/17/2018 Small Bird 
Northern parula (Setophaga 


americana) 
Spring 8 14 Moderate 


5/28/2018 Small Bird 
Northern parula (Setophaga 


americana) 
Spring 7 36 Moderate 


5/28/2018 Large Bird 
Red-tailed hawk (Buteo 


jamaicensis) 
Spring 7 45 Moderate 


5/25/2018 Small Bird Unidentified small bird Spring 4 44 Moderate 


9/4/2018 Small Bird Pine warbler (Setophaga pinus) Fall 3 78 Easy 


9/17/2018 Small Bird 
Black-and-white warbler1 (Mniotilta 


varia) 
Fall 3 39 Moderate 


9/19/2018 Small Bird 
Northern parula (Setophaga 


americana) 
Fall 4 15 Moderate 


9/19/2018 Small Bird 
Black-throated green warbler 


(Setophaga virens) 
Fall 5 53 Moderate 


10/21/2018 Small Bird 
Belted kingfisher (Megaceryle 


alcyon) 
Fall 5 24 Easy 


1Species of Conservation Concern (MDIFW 2018) 


Fatalities consisted of five songbirds, one unidentified small bird, one hawk, and one kingfisher 
(Table 3). Most of the bird fatalities were northern parula (Setophaga americana; n = 4). One of 
the bird fatalities (unidentified small bird) was not classified to a species due to the poor condition 
of the remains. No federal-listed or state-listed threatened or endangered bird species were 
documented as fatalities; however, the black-and-white warbler (Mniotilta varia) that was found 
is a species of conservation concern in Maine. All the identified bird species are protected under 
the Migratory Bird Treaty Act.  


Most of the bird fatalities (n = 6) were found during the spring migration season, followed by the 
fall migration season (n = 5). No fatalities were found during the summer residency and breeding 
season. Fatalities occurred at five of the eight turbines during the survey period, with most 
fatalities documented at turbine 7 (n = 3) and two fatalities each at turbines 3, 4, 5, and 8. One 
incidental fatality, an unidentified small bird, also was found near turbine 7 during the sweep 
survey but was not included in the calculation of fatality estimates. 
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Carcass distribution averaged approximately 40 meters (131 ft) from turbines with the closest 
fatality found approximately 14 meters (46 feet) from a turbine, and the farthest fatality found 
approximately 78 meters (256 feet) from a turbine (Table 3). Most of the fatalities (n = 9) were 
found in in areas where visibility was moderate, with the remaining fatalities found in areas with 
easy visibility (n=2). 


 Search Plots and Annuli Calculations 


Each search plot was originally mapped as a 100-meter (328-foot) radius around a turbine but 
was refined with a field delineation that excluded unsearchable areas. Subsequently, each of the 
search plots was divided into 10 annuli (concentric rings) in 10-meter (33-foot) increments 
radiating from each turbine as a center point (Jain et. al. 2009). Data from all search plots were 
combined to show the maximum area within each annulus, and the searchable area within each 
annulus. Across all turbines, the maximum area within 100 meters (328 feet) of all turbines was 
245,036 square meters (64 acres), but the total searchable area was 55,554 square meters (14 
acres; Table 4). The percent searchability of annuli decreased with increasing distance from the 
turbine. The annulus with highest percent searchability was 0–10 meters (99.99 percent 
searchable), and the lowest was 90–100 meters (3.30 percent searchable).  


Table 4. Annulus Calculations for all Turbines Combined at the Canton Mountain Wind 
Project, Year 1 (2018). 


Annulus 
(meters) 


Maximum 
Area (square 


meters) 


Searchable 
Area (square 


meters) 


Percent 
Searchable 


Small 
Birds 


Found 


Large 
Birds 


Found 


Bats 
Found 


0–10 2,501 2,500 99.99 0 0 0 


10–20 7,502 6,245 83.25 2 0 0 


20–30 12,520 7,443 59.45 1 0 0 


30–40 17,560 8,013 45.63 3 0 0 


40–50 22,585 8,341 36.93 1 1 0 


50–60 27,615 6,948 25.16 2 0 0 


60–70 32,637 5,949 18.23 0 0 0 


70–80 37,665 5,101 13.54 1 0 0 


80–90 42,694 3,440 8.06 0 0 0 


90–1001 41,757 1,574 3.77 0 0 0 


Totals 245,036 55,554 1.22 10 1 0 


1The Turbine 3 search plot did not extend into the 90–100-meter annulus. 
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 Density Weighted Proportions 


The sum of the products of the searchable proportion of each annulus and the estimated 
proportion of the carcass distribution within that annulus represents the estimated proportion 
of the carcass distribution for an individual turbine. The average of these values represents the 
overall carcass distribution searched for the Project. These density-weighted proportions were 
used as correction factors in the fatality estimates for small birds, large birds, and bats (Table 5). 


Table 5. Density Weighted Proportion Calculations at the Canton Mountain Wind Project, 
Year 1 (2018). 


Turbine 
Proportion of Small Bird 


Distribution Searched 
Proportion of Large Bird 


Distribution Searched 
Proportion of Bat 


Distribution Searched 


1 0.42 0.18 0.56 


2 0.43 0.16 0.55 


3 0.50 0.26 0.60 


4 0.35 0.18 0.48 


5 0.57 0.28 0.69 


6 0.69 0.39 0.81 


7 0.41 0.19 0.56 


8 0.42 0.17 0.61 


Overall Carcass 
Distribution Searched1 


0.47 0.23 0.61 


 


 Searcher Efficiency  


Nine searcher efficiency trials were conducted between April 15 and October 31, with three trials 
completed per survey season. A total of 90 carcasses comprising 30 small birds, 30 large birds, 
and 30 mice were used. Based on AIC analysis of the data set (Table 6), the model with carcass 
size class as a variable was the best fit model (AICc = 108.83)2. Overall, the probability of detecting 
a carcass (i.e. searcher efficiency) in 2018 varied by size class and was highest for large birds at 
0.90 and lowest for small birds at 0.50 with bats in the middle at 0.53 (Table 7). 


 


 
2 AICc is AIC corrected for small sample sizes (Burnham and Anderson 2002, Dalthorp et al. 2017). 
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Table 6. Searcher Efficiency AICc Modeling at the Canton Mountain Wind Project, Year 1 
(2018). 


Model Variable AICc score 


Mean 119.19 


Size1 108.83 


Season 122.74 


Size * Season 112.47 


1Based on the AICc scores, the model with carcass size as a variable was the best fit model 


Table 7. Searcher Efficiency by Size at the Canton Mountain Wind Project, Year 1 (2018). 


Size Carcasses Placed Carcasses Found 
Searcher 
Efficiency 


95% Confidence 
Interval 


Small Bird 30 15 0.50 0.30–0.67 


Large Bird 30 27 0.90 0.77–1.00 


Bat1 30 16 0.53 0.37–0.77 


1Mice used as surrogates. 


 Carcass Persistence 


Three 30-day carcass persistence trials were conducted between April 15 and October 31 with 
one trial per survey season. A total of 90 trial carcasses comprising 30 small birds, 30 large birds, 
and 30 mice were placed in representative search plots. Based on AIC analysis of the data set 
(Table 8), the model with both size and season as variables was the best fit model (AICc = 299.86), 
and carcass persistence times followed a lognormal distribution. The longest carcass persistence 
times were in the spring, with small birds persisting for 5.10 days, large birds for 28.20 days, and 
bats for 3.40 days (Table 9). The shortest persistence times were in the fall with small birds 
persisting for 1.64 days, large birds 9.08 days, and bats 1.10 days. Overall, the carcasses of large 
birds in the spring persisted the longest and the carcasses of bats (mice) in the fall had the 
shortest persistence time (Table 9).  
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Table 8. Carcass Persistence AIC Modeling at the Canton Mountain Wind Project, Year 1 
(2018). 


Distribution 
Model 


Mean Size Season Size*Season 


Weibull dot 410.91 343.94 393.92 307.94 


Exponential 417.84 346.47 393.58 325.83 


Loglogistic 401.48 338.02 393.17 299.94 


Lognormal 402.99 337.10 391.32 299.86 


 


Table 9. Carcass Persistence Modeled by Season with a 90 Percent Confidence Interval at 
the Canton Mountain Wind Project, Year 1 (2018). 


Size Season Placed 
Carcass 


Persistence 
(days) 


95% Confidence 
Interval 


r1 
95% Confidence 


Interval 


Small Bird Spring 10 5.10 4.00–6.50 1.00 1.00–1.00 


Small Bird Summer 10 1.93 1.36–2.55 0.96 0.90–0.99 


Small Bird Fall 10 1.64 1.20–2.18 0.94 0.87–0.98 


Large Bird Spring 10 28.20 21.76–37.22 1.00 1.00–1.00 


Large Bird Summer 10 10.68 8.32–13.71 1.00 1.00–1.00 


Large Bird Fall 10 9.08 7.04–11.90 1.00 1.00–1.00 


Bat Spring 10 3.40 2.41–4.64 0.99 0.98–1.00 


Bat Summer 10 1.29 0.88–1.86 0.89 0.78–0.96 


Bat Fall 10 1.10 0.78–1.51 0.85 0.74–0.93 


1Mean probability of persistence based on an interval of 1 day. 


 Fatality Estimates  


The observed numbers of fatalities documented at the Project during standardized searches were 
analyzed and adjusted using the Huso estimator. Three detection bias parameters were corrected 
for in the post-construction fatality estimates: probability of detection (searcher efficiency), 
probability of persistence between checks (carcass persistence), and proportion of the fatality 
distribution area searched. All the Project turbines were searched; therefore, no adjustment for 
the proportion of turbines searched was required. 
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The site total estimate for avian fatalities was 64 fatalities per year and the per-turbine estimate 
was 7.90 fatalities per year (Table 10). Thus, one bird carcass found in the field scales up to 5.82 
fatalities when the adjustment factor is applied. The per-megawatt estimate for the Project is 2.8 
bird fatalities per megawatt. The categories of small birds, spring, and fall all had enough fatalities 
to run the Huso estimator by category. The site total estimate for small birds was 57. The site 
total estimate for the spring and fall (all categories combined) were 33 and 32, respectively (Table 
10).  


Table 10. Fatality Estimates with a 95 Percent Confidence Interval for Birds at the Canton 
Mountain Wind Project, Year 1 (2018). 


Category 
Fatalities 


Found 
Site Total 
Estimate 


95% 
Confidence 


Interval 


Per Turbine 
Estimate 


95% 
Confidence 


Interval 


Per 
Megawatt 
Estimate 


Overall 11 64 45–104 7.90 5.72–12.92 2.8 


Small Birds 10 57 29–102 7.03 3.69–12.71 2.5 


Spring 6 33 13–63 4.03 1.68–7.79 1.4 


Fall 5 32 7–72 3.88 0.95–8.94 1.4 


 


 Evidence of Absence 


Since there were no bat carcasses found (X = 0), Tetra Tech modelled bat fatalities using the EoA 
software package (Dalthorp et al. 2017). Fatalities were estimated by season using the Single 
Class Module v2.0.3 to provide season-specific fatality estimates and probability functions (g) 
that indicate the likelihood that the estimated fatality (M*) is equal to actual fatality (M). Based 
on the results, the probability that the true number of bat fatalities for each season was less than 
or equal to 1 is at least 80 percent, according to posterior distribution (Table 11). Each season 
was analyzed independently with unique parameters for more statistical rigor (Appendix D). 
Based on these results, the per-turbine estimate for bats would be 0.4 bat fatalities per year, and 
the per-megawatt estimate would be 0.1 bats per megawatt. 


Table 11. Evidence of Absence Fatality Estimation for Bats at the Canton Mountain Wind 
Project, Year 1 (2018). 


Season 
Estimated 
Fatalities 


(M*) 


Credibility 
Level (1 - α)1 


Detection 
Probability 


(g)2 


95% 
Confidence 


Interval 


Fitted Beta Distribution 
Parameters for Estimated g3 


Ba Bb 


Spring 1 0.8 0.472 0.324–0.622 19.6989 22.0470 


Summer 1 0.8 0.386 0.225–0.560 11.9838 19.0944 


Fall 1 0.8 0.407 0.269–0.553 18.0730 26.3011 
1User-defined. The probability that the true number of fatalities (M) is less than or equal to the estimated number 


of fatalities (M*). 
2The overall probability of detecting a carcass that arrives at a site during the season. 
3Characterizes the estimated detection probability (g). 
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 Radar Survey 


The following section summarizes the results of both the spring and fall radar surveys (DeTect 
2018). A full data report developed by DeTect is available as Appendix E. 


3.8.1 Spring 2018 Results 


The MERLIN avian radar system operated continuously (24 hours a day) at the radar location April 
14–May 31, 2018. Table 12 presents available time, time radar data were collected, amount of 
radar data that were removed due to rain or other contamination, and the resulting time of radar 
data used for analyses, during spring 2018. The vertical (x-band) radar typically has additional 
down-time because weather or aerial debris blocks the smaller wavelength of this radar so few if 
any targets are discernible, compared to the longer wavelength of the horizontal (s-band) radar 
which allows almost all targets to be detected in rain with the help of digital processing.  


Table 12. Summary of Radar Monitoring Effort at the Canton Mountain Wind Project, Year 
1 (2018), Spring. 


Statistics 
Vertical Radar Horizontal Radar 


Hours % Hours % 


Time in season 1,151.0 - 1,151.0 - 


Time radar down 35.3 3.1% 33.8 2.9% 


Time radar collected data 1,115.7 96.9% 1,117.2 97.1% 


Unusable radar data1 77.9 7.0% 27.9 2.5% 


Useable radar data2 1,037.8 90.2% 1,089.3 94.6% 


1Percent indicates portion of time with radar data that was lost due to rain or other contamination. 
2Percent indicates portion of season with useable radar data. 


Target Counts and Target Passage Rates 


Target passage rates during the spring were variable over time (Figure 2) and during four 
biological periods (dawns, days, dusks, and nights; Figure 3). The highest total target passage rate 
occurred on the night of April 23 (1,960.6 targets per 1-kilometer front per hour) and the 
following dawn (April 24; 1,737.0 targets per 1-kilometer front per hour). Three other nights were 
notable for high target passage rates: May 5 (1,414.1 targets per 1-kilometer front per hour), May 
24 (1,366.0 targets per 1-kilometer front per hour), and May 22 (1,359.0 targets per 1-kilometer 
front per hour; Figure 2). 
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Figure 2. Target Passage Rates During Each Biological Period at Canton Mountain Wind Project, Year 1 (2018), Spring. 
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Overall, target passage rates averaged the greatest during nights (490 targets per 1-kilometer 
front per hour), with dawns (104 targets per 1-kilometer front per hour), days (130 targets per 1-
kilometer front per hour), and dusks (81 targets per 1-kilometer front per hour) showing lower 
rates. When target activity was further broken down into hours, target passage rates peaked 
during early night (hours 20 and 23), with another smaller, midday peak during hours 10 through 
15 (Figure 4). 


 


Figure 3. Average Target Passage Rates by Biological Period at the Canton Mountain Wind 
Project, Year 1 (2018), Spring. 


 


Figure 4. Average and Comprehensive Hourly Target Passage Rates at the Canton 
Mountain Wind Project, Year 1 (2018), Spring. 
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Flight Heights 


Mean and median target heights are presented for each biological period (Table 13). Mean target 
heights were generally above the maximum rotor swept zone (RSZ) height (Figure 5). Mean target 
heights were below the maximum RSZ height during 1 dawn (2.2 percent), 0 days (0 percent), 1 
dusk (2.4 percent) and 0 nights (0 percent). Median target heights were lower than the means 
and more values occurred below the maximum RSZ height (7 dawns [15.2 percent], 1 day [2.2 
percent], 10 dusks [24.4 percent], and 3 nights [6.7 percent]; Figure 6). 


Table 13. Mean and Median Flight Heights at the Canton Mountain Wind Project, Year 1 
(2018), Spring. 


Statistics Dawn Day Dusk Night 


Average mean target height (meters) 384.5 332.3 440.3 325.5 


Standard error of mean target height 27.34 21.81 44.87 11.64 


Average median target height (meters) 316.7 281.2 379.9 257.5 


Standard error of average median target height 30.99 25.11 50.74 12.63 


% periods with mean height < top of RSZ 2.2% 0.0% 2.4% 0.0% 


% periods with median height < top of RSZ 15.2% 2.2% 24.4% 6.7% 
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Figure 5. Mean Target Heights at the Canton Mountain Wind Project, Year 1 (2018), Spring. 
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Figure 6. Median Target Heights at the Canton Mountain Wind Project, Year 1 (2018), Spring.
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Flight Direction 


Radar data from the horizontal radar indicated target bearings predominately towards the 
northeast for all time periods during the spring (Figure 7), especially during nights with 80 percent 
of nights averaging northeast. Nights and dawns had the most concentrated target movements, 
with days and dusks lacking concentrated target movements (Figure 8). 


 


Figure 7. Distribution of Average Target Directions Among Eight Directional Categories 
During Biological Periods at the Canton Mountain Wind Project, Year 1 (2018), 
Spring. 
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Figure 8. Comprehensive Distribution of Target Directions by each Biological Period at the 
Canton Mountain Wind Project, Year 1 (2018), Spring. 
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3.8.2 Fall 2018 Results 


The MERLIN avian radar system operated continuously (24 hours a day) at the radar location 
August 30–October 25, 2018. Table 14 presents available time, time radar data were collected, 
amount of radar data that were removed due to rain or other contamination, and the resulting 
time of radar data used for analyses, during spring 2018. The vertical (x-band) radar typically has 
additional down-time because weather or aerial debris (e.g. leaves, insects) blocks the smaller 
wavelength of this radar so few if any targets are discernible, compared to the longer wavelength 
of the horizontal (s-band) radar which allows almost all targets to be detected in rain with the 
help of digital processing. 


Table 14. Summary of Radar Monitoring Effort at the Canton Mountain Wind Project, Year 
1 (2018), Fall. 


Statistics 
Vertical Radar Horizontal Radar 


Hours % Hours % 


Time in season 1,345.1 - 1,345.1 - 


Time radar down 265.5 19.7% 18.7 1.4% 


Time radar collected data 1,079.7 80.3% 1,326.5 98.6% 


Unusable radar data1 90.3 8.4% 48.7 3.7% 


Useable radar data2 989.4 73.6% 1,277.8 95.0% 


1Percent indicates portion of time with radar data that was lost due to rain or other contamination. 
2Percent indicates portion of season with useable radar data. 


Target Counts and Target Passage Rates 


Target passage rates during the fall were variable over time (Figure 9) and during four biological 
periods (dawns, days, dusks, and nights; Figure 10). The highest total target passage rate occurred 
on the night of October 1 (2,559.6 targets per 1-kilometer front per hour). Four other nights were 
notable for high target passage rates: September 27 (1,893.1 targets per 1-kilometer front per 
hour), September 22 (1,644.1 targets per 1-kilometer front per hour), September 4 (1,544.6 
targets per 1-kilometer front per hour), and September 19 (1,417.2 targets per 1-kilometer front 
per hour; Figure 9). 
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Figure 9. Target Passage Rates During Each Biological Period at Canton Mountain Wind Project, Year 1 (2018), Fall. 
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Overall, target passage rates averaged the greatest during nights (594 targets per 1-kilometer 
front per hour), with dawns (31 targets per 1-kilometer front per hour), days (36 targets per 1-
kilometer front per hour), and dusks (12 targets per 1-kilometer front per hour) showing lower 
rates. When target activity was further broken down into hours, target passage rates peaked 
during early night (hours 19 to 23; Figure 11). 


 


Figure 10. Average Target Passage Rates by Biological Period at the Canton Mountain Wind 
Project, Year 1 (2018), Fall. 


 


Figure 11. Average and Comprehensive Hourly Target Passage Rates at the Canton 
Mountain Wind Project, Year 1 (2018), Fall. 
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Flight Heights 


Mean and median target heights are presented for each biological period (Table 15). Mean target 
heights were generally above the maximum RSZ height (Figure 12). Mean target heights were 
below the maximum RSZ height during 3 dawns (7.9 percent), 0 days (0 percent), 0 dusks (0 
percent) and 1 night (0 percent). Median target heights were lower than the means and more 
values occurred below the maximum RSZ height (5 dawns [13.2 percent], 3 days [6.7 percent], 4 
dusks [9.5 percent], and 4 nights [9.1 percent]; Figure 13). 


Table 15. Mean and Median Flight Heights at the Canton Mountain Wind Project, Year 1 
(2018), Fall. 


Statistics Dawn Day Dusk Night 


Average mean target height (meters) 526.5 477.1 659.6 355.7 


Standard error of mean target height 37.56 27.7 47.3 18.7 


Average median target height (meters) 506.8 430.4 638.8 308.5 


Standard error of average median target height 49.9 41.9 57.3 23.4 


% periods with mean height < top of RSZ 7.9% 0.0% 0.0% 2.3% 


% periods with median height < top of RSZ 13.2% 6.7% 9.5% 9.1% 
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Figure 12. Mean Target Heights at the Canton Mountain Wind Project, Year 1 (2018), Fall.  
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Figure 13. Median Target Heights at the Canton Mountain Wind Project, Year 1 (2018), Fall. 
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Flight Direction 


Radar data from the horizontal radar indicated target bearings predominately towards the south-
southwest for all time periods during the fall (Figure 14), especially during nights with 76 percent 
of nights averaging south-southwest. Nights and dawns had the most concentrated target 
movements, with days and dusks lacking concentrated target movements (Figure 15). 


 


Figure 14. Distribution of Average Target Directions Among Eight Directional Categories 
During Biological Periods at the Canton Mountain Wind Project, Year 1 (2018), 
Fall. 
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Figure 15. Comprehensive Distribution of Target Directions by each Biological Period at the 
Canton Mountain Wind Project, Year 1 (2018), Fall. 
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3.8.3 Pre-construction (2010) and Post-construction (2018) Radar Comparison 


In 2010, Tetra Tech conducted spring and fall radar surveys prior to clearing and construction of 
the Project (DeTect 2012a and 2012b). The radar provided near-continuous operation in the 
spring from April 20 to May 23, and in the fall from September 3 through October 4. During both 
seasons, the radar unit was located on a slide slope below Canton Mountain Ridge, approximately 
700 meters to the west/northwest of the 2018 radar location. This location provided an elevated 
view of the surrounding area and was relatively unobstructed by trees, buildings, or other 
obstacles and allowed for a clear line of sight for birds and bats in the area. The spring survey 
used the same model radar that was used for the 2018 surveys (XS2530e), but the fall survey 
used a model XS1030e system, which had a 10-kilowatt x-band rather than the 25-kilowatt x-
band of the XS2530e. The power difference, however, did not affect target detection within the 
0.75 nautical mile radius used for the survey. 


Overall, daily and nightly target passage rates were greater for both spring and fall 2018 
compared to 2010 (Table 16). However, target passage rates in 2010 were divided into two 
biological periods (days, nights), whereas in 2018 survey results were divided into four biological 
periods (dawns, days, dusks, and nights). An hourly comparison for spring indicates that the 
average target passage rate in 2018 was greater than 2010 for all hours except for hours 4 and 
20 (Figure 16). A comparison of the fall datasets shows that average target passage rates for 2018 
were greater than 2010 for all hours with no exceptions (Figure 17). 


Table 16. Comparison of Pre-construction (2010) and Post-construction (2018) Average 
Target Passage Rates by Biological Period at the Canton Mountain Wind Project. 


Survey 
Start 
Date 


End 


Date 


Survey 
Length 
(Days) 


Average Target Passage Rate 


(targets / 1-kilometer front / hour) 


Dawn Day Dusk Night 


2010 Spring 4/20/2010 5/23/2010 33 N/A 304 N/A 78 


2018 Spring 4/14/2018 5/31/2018 47 104 490 81 130 


2010 Fall 9/3/2010 10/4/2010 31 N/A 177 N/A 7 


2018 Fall 8/30/2018 10/25/2018 56 31 594 12 36 
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Figure 16. Comparison of Pre-construction (2010) and Post-construction (2018) Average 


Target Passage Rates by Hour at the Canton Mountain Wind Project, Spring. 


 


 
Figure 17. Comparison of Pre-construction (2010) and Post-construction (2018) Average 


Target Passage Rates by Hour at the Canton Mountain Wind Project, Fall. 
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4.0 DISCUSSION 


As the development of wind power-generating facilities has increased, so has the importance of 
understanding potential environmental impacts from those facilities. Birds and bats have been 
identified as wildlife groups at risk due to collisions or other interactions with wind turbines 
(Strickland et al. 2011, Manville 2016). Estimates of avian fatality rates from publicly available 
post-construction monitoring studies at wind energy facilities distributed throughout the country 
initially ranged from 0.5 to 13.9 bird fatalities per megawatt per year. After adjusting for 
detection bias, however, that range was reduced to 3 to 5 fatalities per megawatt per year 
(Strickland et al 2011, Loss et al. 2013, Erickson et al. 2014, AWWI 2015). Detection biases may 
result from regional variation in fatality rates that, in part, may be due to inconsistent data 
availability between regions (Strickland et al. 2011, AWWI 2015). Furthermore, research suggests 
that post-construction fatality monitoring efforts from 1995 to 2011 were often inadequate for 
identifying all species that may have collided with turbines, particularly rare species (Beston et 
al. 2015). 


Most observations of avian fatalities at wind farms have been songbirds, which is consistent with 
this Study. However, raptor fatality has historically received the most attention. Early wind energy 
projects in the West were constructed with shorter lattice towers and faster moving blades in 
open mountainous areas. In addition, some projects (e.g. Altamont Pass Wind Resource Area) 
were poorly sited in areas where a concentration of golden eagles (Aquila chrysaetos) hunted for 
prey. These factors contributed to the higher rate of golden eagle fatalities at early wind energy 
projects (Arnett et al. 2007). Raptor mortality at newer wind projects has been low relative to 
older-generation wind farms, although there is substantial regional variation in raptor fatality 
rates. This can be attributed to improved wind turbine technology as well as early stage pre-
construction wildlife surveys and avoidance/minimization techniques (Erickson et al. 2002, 2004; 
Johnson et al. 2002; Kerns and Kerlinger 2004; Jain et al. 2007). 


Wind turbines also have been linked to bat fatalities (Kunz et al. 2007, Arnett et al. 2008), 
particularly for migratory tree-roosting bats. Within the U.S., bat fatality rates vary by season and 
location and have been highest at facilities on forested ridges in the mid-Atlantic (range: 15.3–
53.3 fatalities/megawatt/year) and lowest in the Rocky Mountain and Pacific Northwest regions 
(range: 0.7–3.4 fatalities/megawatt/year; Arnett et al. 2008). Bird and bat fatality patterns have 
been best documented in the Northwest and East Coast regions of the U.S., though publicly 
available regional data for the Northeast are more limited. Fatality monitoring studies also have 
associated wind turbine operations with bat fatality at multiple locations worldwide (Durr and 
Bach 2004, Kunz et al. 2007, Arnett et al. 2008). 


 Birds 


In the spring and fall of 2010, during development of the Project, Tetra Tech conducted an avian 
migrant stopover survey that consisted of manual counts at points along transects, visually and 
audibly identifying individual birds at each location. In the spring survey, seven state species of 
special concern were identified: American redstart (Setophaga ruticilla), black-and-white 
warbler, chestnut-sided warbler (Dendroica pensylvanica), evening grosbeak (Coccothraustes 
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vespertinus), white-throated sparrow (Zonotrichia albicollis), wood thrush (Hylocichla mustelina), 
and yellow warbler (Dendroica petechia). In the fall survey, four state species of special concern 
were identified: American redstart, black-and-white warbler, chestnut-sided warbler, and white-
throated sparrow. No federal-listed or state-listed threatened or endangered species were 
documented during either survey. Likewise, no federal-listed or state-listed threatened or 
endangered species were found during this Study. Black-and-white warbler, however, is 
identified as a Maine species of special concern and was one of the fatalities found during this 
Study. 


The highest number of bird fatalities at the Project was found in the spring migration season (55 
percent); however, this was not much more than the number of bird fatalities found during the 
fall migration season (45 percent). No fatalities were found during the summer. There is no clear 
correlation between the timing of when fatalities were found, and target passage rates measured 
by radar, which is consistent with recent published research conducted in a mountainous and 
forested region in Switzerland (Aschwanden et al. 2018), like the mountainous, forested region 
where this Study was conducted. Although most targets were above the RSZ, the frequency of 
low visibility conditions during nocturnal migration could be a more important indicator of 
turbine collision risk (Aschwanden et al. 2018). Observation records from the nearby Auburn 
Lewiston Airport showed low visibility records during six nights of the spring season, while the 
Fryeburg Eastern Slopes Regional Airport had low visibility records during seven nights. 
Therefore, migratory bird mortality risk from collisions during low visibility events could be 
considered low at this site based on the infrequent occurrence of low visibility conditions during 
nighttime at these airports during this spring season. However, these airports are approximately 
32 and 49 miles from the Project and only provide an indication of low visibility occurrence in the 
area; climatic conditions at the Project may be different. 


A comparison of results from a radar study conducted in 2010 (DeTect 2012a, 2012b) with the 
current Study indicates that average target passage rates were higher in 2018 compared to 2010. 
This difference in target passage rates could be attributed to many factors including yearly 
variation, seasonal variation, the siting of the radar unit, or the use of a different radar model for 
the fall 2010 survey. This comparison indicates that radar data is variable, but it also suggests that 
target passage rates measured by radar may not be a reliable predictor of fatalities. 


To place bird fatalities at the Project in the context of other studies, we examined bird fatality 
estimates at other operational wind energy projects in Maine (Table 17). Bird fatalities per 
turbine per year at other projects in Maine ranged from 1.5 (Spruce Mountain 2012) to 10.4 
(Stetson 2013), with an average of 5.6, compared to 7.9 at the Project. Bird fatalities per 
megawatt per year ranged from 0.8 (Spruce Mountain 2012) to 6.9 (Stetson 2013), with an 
average of 2.9, compared to 2.8 at the Project. Therefore, although fatalities per turbine per year 
at the Project in 2018 were higher than average, the fatality rate per megawatt per year (2.8 
fatalities per MW) was slightly lower than average compared to other wind projects in Maine. 
Other 2018 post-construction survey results in Maine are not available yet for comparison. 
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Table 17. Comparison of Bird Fatality Estimates at Wind Energy Projects in Maine that 
Used Huso (2011) Estimation Methodologies. 


Wind Project Habitat Year 
Mean Annual Bird Fatality Estimate 


Per Turbine/Year Per Megawatt/Year 


Canton Mountain Forested Ridge 2018 7.9 2.8 


Hancock Forested Ridge 2017 4.6 1.5 


Kibby Forested Ridge 2014 4.7 1.6 


Record Hill Forested Ridge 2012 8.5 3.7 


Record Hill Forested Ridge 2014 4.2 1.8 


Rollins Forested Ridge 2012 2.9 1.9 


Rollins Forested Ridge 2014 5.1 3.4 


Saddleback Ridge Forested Ridge 2016 7.3 2.6 


Spruce Mountain Forested Ridge 2012 1.5 0.8 


Spruce Mountain Forested Ridge 2014 10.1 5.0 


Stetson Forested Ridge 2012 2.8 1.9 


Stetson Forested Ridge 2013 10.4 6.9 


Stetson Forested Ridge 2014 4.9 3.3 


Sources: Stantec Consulting 2012a, 2012b, 2012c, 2014, 2015a, 2015b, 2015c; Tetra Tech 2013, 2015, 2017; TRC 
2015, 2017 


 Bats 


In 2010, during development of the Project, Tetra Tech conducted a bat acoustic survey at the 
Project site and documented three long-distance migratory bat species which are state-listed 
species of special concern: the hoary bat (Lasiurus cinereus), the silver- haired bat (Lasionycteris 
noctivagans), and the eastern red bat (Lasiurus borealis). Call sequences attributed to these 
species represented approximately 9 percent of all call sequences recorded during the test 
period. 


No bat fatalities were documented at the Project in 2018. The bat fatality estimate for the Project, 
however, was based on the EoA model which works under the assumption that imperfect 
detection exists (Section 2.4) and uses the density-weighted proportion calculated for bats 
(Section 3.3) to estimate fatality (Dalthorp et al. 2017). Compared to 0.4 at the Project, bat 
fatalities per turbine per year at other operational wind energy developments in Maine ranged 
from 0.2 (Rollins 2012) to 6.8 (Record Hill 2012) with an average of 1.5 (Table 18). Bat fatalities 
per megawatt per year ranged from 0.1 (Rollins 2012) to 3.0 (Record Hill 2012) with an average 
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of 0.7 compared to 0.1 at the Project. These comparisons come with the caveat that the EoA 
model was first officially released in 2014 and then revised in 2017, so the model may not have 
been available when the studies from other wind energy projects were conducted. 


Causes of bat fatality include direct collision with moving turbine blades (Horn et al. 2008) and, 
to a lesser extent, pulmonary barotrauma. Barotrauma is damage to lung tissue resulting from 
rapid changes in air pressure experienced when a bat flies through a low air-pressure field near 
spinning blades (Baerwald et al. 2008), though the overall percentage of fatalities attributable to 
this phenomenon is under debate (Rollins et al. 2012). There is little known about what influences 
bat fatality at a wind farm, but several hypotheses have been proposed (Kunz et al. 2007, Arnett 
et al. 2008, Cryan and Barclay 2009, Rydell et al. 2010). The current leading hypotheses are that 
bats are attracted to turbines for potential roosting locations (Kunz et al. 2007), potential pairing 
or mating stations (Cryan and Barclay 2009) or are foraging on accumulations of insects around 
turbine rotors (Rydell et al. 2010). Recent published research conducted in Latvia found that some 
bat species exhibited higher flight activity and were drawn to red LED lights (like the FAA hazard 
lights installed on Turbines 1, 4, 7, and 8), and increased foraging activity in response to warm-
white LED lights (Voigt et al. 2018). Regardless of the ultimate causes of bat fatalities, two general 
patterns of fatalities are consistent across nearly all wind energy facilities: 1) migratory tree-
roosting bats compose most of the bat fatalities, and 2) most bat fatalities occur during late 
summer and early fall, coinciding with fall migration (Arnett et al. 2008, Arnett et al. 2013). 


The hoary bat and eastern red bat are both migratory tree-roosting species and both are known 
to be susceptible to turbine collisions. Fatalities of hoary bats and eastern red bats have been 
documented at other wind projects in Maine and New Hampshire and may occur at the Project 
in the future (Poulton 2010, Stantec 2009, Tidhar 2010, Tetra Tech 2013). If bat fatalities are 
discovered during future post-construction fatality monitoring studies, additional bat fatality 
estimates may be calculated based on the new data. 
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Table 18. Comparison of Bat Fatality Estimates at Wind Energy Projects in Maine that Used 
Huso (2011) Estimation Methodologies. 


Wind Project Habitat Year 
Mean Annual Bat Fatality Estimate 


Per Turbine/Year Per MW/Year 


Canton Mountain Forested Ridge 2018 0.4 0.1 


Hancock Forested Ridge 2017 1.0 0.3 


Kibby Forested Ridge 2014 0.5 0.2 


Record Hill Forested Ridge 2012 6.8 3.0 


Record Hill Forested Ridge 2014 1.2 0.5 


Rollins Forested Ridge 2012 0.2 0.1 


Rollins Forested Ridge 2014 0.5 0.3 


Saddleback Ridge Forested Ridge 2016 0.9 0.3 


Spruce Mountain Forested Ridge 2012 2.4 1.2 


Spruce Mountain Forested Ridge 2014 0.6 0.3 


Stetson Forested Ridge 2012 2.1 1.4 


Stetson Forested Ridge 2013 0.3 0.2 


Stetson Forested Ridge 2014 1.3 0.9 


Sources: Stantec Consulting 2012a, 2012b, 2012c, 2014, 2015a, 2015b, 2015c; Tetra Tech 2013, 2015, 2017; TRC 
2015, 2017 
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1.0 INTRODUCTION 


Canton Mountain Wind, LLC (CMW) is constructing the Canton Mountain Wind Project (Project) in the 
towns of Canton and Dixfield, Maine. This Post-construction Monitoring Plan (Plan) provides details about 
the protocol that will be used to estimate bird and bat fatalities once the Project becomes operational. 
Post-construction bird and bat fatality monitoring is required as a permit condition under Maine’s Site 
Location of Development Act and Natural Resources Protection Act to ensure that there are no 
unreasonable adverse impacts on birds and bats. 


 Canton Mountain Wind Project 


The Project consists of eight turbines along the ridgeline of Canton Mountain. The turbine models will be 
GE 2.85-103. Each GE 2.85-103 turbine is capable of generating up to 2.85 megawatts (MW) of electricity 
per hour, and is approximately 279 feet (85 meters) from the ground to the top of the tower. The total 
height from the ground to the tip of a fully extended blade is approximately 448 feet (136.5 meters), and 
the rotor diameter is approximately 338 feet (103 meters).  


 Objectives of Post-construction Bird and Bat Fatality Monitoring 


The primary objective of the post-construction fatality study is to estimate avian and bat fatality at the 
Project during years 1, 2, and 3 after commercial operation. This objective is achieved by identifying the 
number of individual fatalities by species at each turbine during three biological periods (spring bird and 
bat migration, summer residency and breeding, and fall bird and bat migration). In order to estimate the 
annual fatality rates of birds and bats, CMW will conduct standardized searches of specified areas 
surrounding turbines, coupled with searcher efficiency trials and carcass persistence trials. 


 Overview of Methods 


This Plan describes the survey methods proposed for post-construction avian and bat fatality monitoring 
for the Project and outlines a process for data collection and analyses. Data will ultimately be used to 
estimate avian and bat fatality rates at the Project. Wind farm-related fatality estimation is based on the 
number of carcasses found during carcass searches conducted under operating turbines. Both the ability 
of searchers to detect carcasses (searcher efficiency) and the duration that a carcass persists onsite before 
detected by searchers (carcass persistence time) can bias the number of carcasses located during 
standardized searches. Therefore, this Plan includes: 


1. Standardized carcass searches for fatalities associated with operation of the Project; 


2. Searcher efficiency trials to assess observer proficiency in finding carcasses; and 


3. Carcass persistence trials to assess the seasonal, Project-specific duration that a carcass remains 
available to be detected by searchers. 


Annual fatality rates will then be calculated by correcting for the bias (i.e., underestimation) due to 
searcher efficiency and carcass persistence rates by using an equation that accounts for the number of 
turbines searched, searcher efficiency, and carcass persistence (Huso 2011). 


The proposed level of effort and methods in this Plan are consistent with, and in many respects more 
stringent than, similar fatality monitoring survey protocols for commercial-scale wind energy facilities in 
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Maine and throughout the U.S. (Erickson et al. 2001, Arnett et al. 2005, Fiedler et al. 2007, Jain et al. 2007, 
Tierney 2007, Gehring et al. 2011, Huso 2011, Strickland et al. 2011). 


2.0 STANDARDIZED CARCASS SEARCHES 


Standardized carcass searches provide the basis for generating fatality estimates and include three major 
components: 1) search plot size and configuration, 2) sampling duration and intensity, and 3) fatality 
documentation.  


 Search Plot Size and Configuration 


All eight turbines will be searched. Tetra Tech initially will identify a survey plot centered on each turbine 
that will extend a maximum of 90 meters (297 feet) in each cardinal compass direction from the turbine. 
However, due to the topography and the forested landscape at the Project area some portions of the 
search plot will be deemed unsearchable; thus, carcass searches will be limited to the cleared area around 
the turbine pad and access road in these locations. The searchable area will be mapped for each turbine 
to calculate the actual area searched. Because fatalities are not uniformly distributed (i.e., more fatalities 
fall closer to the turbine). Tetra Tech will use publicly available information from 25 studies (containing 
data for 1,700 carcass distances) to calculate the proportion of the fatality distribution that was searched 
and then use a correction factor in the analysis to statistically account for potential carcass distribution in 
the unsearchable area. 


 Sampling Duration and Intensity 


Surveys will be conducted during years 1, 2 and 3 following commercial operation, with survey results 
differentiated for each of the following three seasons: 


• Spring (April 15–June 1), 


• Summer (August 1–September 1), 


• Fall (September 1–October 15). 


Five searches will be conducted per week (5 times/5 days) for each survey season.  


 Fatality Documentation 


During the set-up of sample plots for carcass surveys, a sweep survey will be conducted to remove any 
fatalities that occur within the survey area before the study is initiated. These carcasses will be 
documented in the same manner as those found during the standardized carcass searches; however, they 
will not be included in the statistical analysis as the statistical analysis requires a known search interval 
(i.e., an estimate of when fatalities occurred). 


Searchers will assume that carcasses found are a result of collisions with the towers or blades, unless the 
cause of death can be clearly attributed to another cause. Although an unknown number of fatalities may 
result from natural predation, disease, or anthropogenic events (e.g., shooting), the condition of the 
carcasses when found rarely facilitates determining the cause of death. 


During searches surveyors will count, locate, and record bird and bat carcasses found around each turbine. 
Searches will be conducted at all eight turbines five days per week for the survey period.  
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Searches will consist of north to south-oriented transects, spaced 6 meters (20 feet) apart, walked by 
trained individuals within the searchable footprint. Carcasses will be detected visually. Field surveyors will 
be trained in implementation of the search protocol in advance of the first searches. Transects at each of 
the turbines will be walked slowly to visually locate bird and bat carcasses, including portions of carcasses. 
GPS coordinates for carcass locations will be recorded during the searches. It is expected that searches 
will require between 60 and 90 minutes per turbine.  


A standardized data sheet will be used for each search at each turbine. The data sheet will include detailed 
weather observations, time, date, and observer name and carcass species identification. Weather 
conditions from the day prior to the surveys will be collected from local and national weather databases. 
On-site weather observations will be made using handheld anemometers and recorded on standardized 
data sheets. Data sheets will include temperature, cloud cover, wind direction and speed. Estimates of 
visibility conditions the night prior to the surveys will be made based on percent cloud cover and the 
presence of fog.  


Carcasses found during standardized carcass searches will be labeled with a unique number. Data 
collected for each carcass will include: 


1. Digital photographs of each carcass, including: 


a. the position in which it was found; 


b. the dorsal and ventral sides; 


c. photos that indicate the gender and reproductive condition of bats (if possible); and 


d. any identifying characteristics such as bill, foot, wing or tail shape, and plumage coloration 
for birds. 


2. Additional data collection will include: 


a. turbine number; 


b. location on plot marked with GPS coordinates; 


c. distance (estimated with a laser rangefinder) and cardinal direction from turbine; 


d. distance and bearing from transect from which it was first spotted; 


e. condition of carcass (whole or partial, extent of injury and some measure of 
decomposition to estimate time of death); 


f. position of carcass (face-up/down, sprawled, balled up, etc.); 


g. species, age and sex, if determinable; and 


h. substrate conditions when found (gravel, short/long grass, crops, brush, etc). 


Searches will be performed during weather conditions likely to provide the best opportunity to find 
carcasses (i.e. no fog, heavy precipitation, or lightning), and will last from shortly after sunrise until all 
turbines have been surveyed. If a survey cannot be completed due to adverse weather conditions, it will 
be rescheduled for the next day with suitable conditions. Carcasses found during the survey effort will be 
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cataloged and stored in a freezer. Carcasses of any special-status species will be handled as directed by 
USFWS or MDIFW. If observers cannot determine species type, MDIFW staff or a managing biologist will 
be asked to assist in species identification efforts. All feather spots/clumps of feathers will be considered 
an unknown bird species and considered a fatality and will be included in the fatality estimate. Any 
significant fatality event consisting of five or more fatalities at a single turbine, or a total of 20 or more 
fatalities in an event shall be reported to both MDIFW and MDEP within one week. Any fatality event that 
includes a state or federally listed endangered or threatened Species will be reported to MDIFW and 
MDEP within 24 hours. USFWS will also be notified if any federally listed Endangered or Threatened 
Species are found. A special-use collection permit will be obtained prior to the collection of these 
carcasses. 


3.0 CARCASS PERSISTENCE TRIALS 


Carcass persistence trials will be conducted in order to estimate how long carcasses remain on-site, 
undisturbed by scavengers. Carcass persistence times will be monitored using no less than 30 specimens 
per trial and will be performed three times per year (spring, summer, and fall). Carcasses will include all 
three size classes (10 small, 10 medium, and 10 bats [or tailless mice, as bat surrogates]). Medium birds 
may include purchased quail or chukkar; small birds may consist of European starlings, house sparrows, 
or young quail. Bat surrogates will consist of bats (if possible) or brown or black mice. 


Carcass persistence trials will be conducted by the carcass surveyors. Each carcass used for the carcass 
removal trial will be placed randomly within the area beneath turbines. Carcasses will be dropped from 
waist high and allowed to land in a random posture. Each trial carcass will be discreetly marked (e.g., small 
tag or wire wrapped around one leg) prior to dropping so that it can be identified as a study carcass if it is 
found by other searchers or wind facility personnel. Locations of the trial carcasses will be recorded using 
a handheld GPS.  


Personnel conducting carcass searches will monitor the trial carcasses on days 1, 2, 3, 4, 7, 10, 14, 21, and 
30 of the 30-day trial period. This period of frequently monitored carcass persistence trials will allow Tetra 
Tech to assess the validity of search interval and to possibly adjust the interval length, depending on the 
site-specific results. This long interval will also incorporate the effects of varying weather, climatic 
conditions, and scavenger densities. This methodology differs from other post-construction studies in 
which the carcasses are monitored with longer intervals between checks. By doing frequent checks, Tetra 
Tech will know the date when the carcass is removed, which provides a more accurate estimate of the 
total number of fatalities.  


When checking the carcass, searchers will record the condition as intact (normal stages of decomposition), 
scavenged (feathers pulled out, chewed on, or parts missing), feather spot (only feathers left), or 
completely gone. Changes in carcasses condition will be cataloged with pictures and detailed notes; 
photographs will be taken at placement and any time major changes have occurred. At the end of the 30-
day period, any evidence of the carcasses that remain will be removed and properly disposed. 


4.0 SEARCHER EFFICIENCY TRIALS 


In order to produce the best fatality estimates, searcher efficiency trials will be conducted during each 
season of the survey period to rate the ability of searchers to find carcasses. At least 90 carcasses will be 
used for the searcher efficiency trials in a total of 9 trials. Searcher efficiency trials will occur throughout 
the survey period with three trials occurring each season (spring, summer, and fall). A minimum of 10 
carcasses per size class (medium bird, small bird, and bat) will be used per season. Personnel conducting 
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the searches will not know when trials are conducted or the location of the efficiency-trial carcasses. Trials 
will be conducted randomly throughout each season and will test each member of the field crew on 
multiple occasions. Prior to the carcass search and unbeknownst to the searchers, carcasses will be placed 
at stratified random locations within areas being searched on the same day. Carcasses will be dropped 
from waist height or higher and allowed to land in a random posture. Each trial carcass will be discreetly 
marked (e.g., small tag or wire wrapped around one leg) prior to dropping so that it can be identified as a 
study carcass after it is found. The number and location of the detection carcasses found during the search 
will be recorded. The number of carcasses placed prior to the search (i.e., the number available for 
detection during each trial) will be verified immediately after the trial by the person responsible for 
distributing the carcasses. Any carcasses not found will be collected immediately after the trial.  


5.0 FATALITY ESTIMATION 


Fatalities at wind projects are statistically estimated because searcher efficiency is less than 100 percent 
(i.e., searchers sometimes miss carcasses) and carcass persistence is often shorter than the search interval 
(i.e., fatalities are missed because the carcass is removed by scavengers before it can be counted by 
searchers). Therefore, to estimate fatalities and account for these potential study biases, the Huso 
estimator (Huso 2011, Huso et al. 2012) will be used, which has been shown to reduce bias in fatality 
estimates.  


The Huso estimator generates fatality estimates using the following equation: 


𝑓𝑖𝑗𝑘 = 
𝑐𝑖𝑗𝑘


𝑝𝑗𝑘∗ �̂�𝑗𝑘∗ �̂�𝑗𝑘
 


Where 𝑓𝑖𝑗𝑘 was the estimated fatality at the ith turbine during the jth search in the kth category and 𝑐𝑖𝑗𝑘  


was the observed number of carcasses at the ith turbine during the jth search in the kth category. The 
variable �̂�𝑗𝑘 is a function of the average carcass persistence time, which was described earlier, and the 


length of the search interval preceding a carcass being discovered. The variable �̂�𝑗𝑘 was calculated using 


the lower value of 𝐼, the actual search interval when a carcass was found or 𝐼,̂̃ the effective search interval, 
and was estimated through searcher efficiency trials previously described. 𝑣𝑗𝑘 is the proportion of the 


effective search interval sampled where 𝑣 = min (1, 𝐼 𝐼⁄ ). �̂�𝑗𝑘  is the estimated probability that a carcass in 


the kth category that was available to be found was found during the jth search. The variables �̂�𝑗𝑘, �̂�𝑗𝑘, and 


𝑣𝑗𝑘  are assumed not to differ among search plots but can differ with carcass type, size class, and season. 


To obtain an estimate of the number of fatalities per turbine the following equation was used: 


𝑓 =
∑ ∑ ∑ 𝑓𝑖𝑗𝑘


2
𝑘=1


𝑛𝑖
𝑗=1


𝑢
𝑖=1


𝑡
 


Where ni is the number of searches at turbine i (i = 1…u) and t is the number of turbines searched.  


A simple example can illustrate how detection-bias parameters (searcher efficiency, probability of carcass 
persistence, and proportion of carcass distribution searched) can affect the fatality estimate. Assume that 
searcher efficiency = 0.5, probability of carcass persistence = 0.5, and proportion of carcass distribution 
area searched = 0.75. The number of fatalities found is divided by the product of the detection bias 
parameters. If one carcass is found, it is divided by 0.19 (= 0.5 × 0.5 × 0.75). Thus, in this example for each 
carcass found, 5.26 fatalities are estimated. 
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Variation in the fatality estimate typically results from 2 major components: 1) variance in the fatalities 
detected among turbines (sample variance), and 2) variance in the modeled fatality estimate (model 
variance) arising from variance in the detection bias (searcher efficiency and carcass persistence). 
Fatalities occur as discrete counts (i.e., they occur as whole numbers) and the more turbines that are 
searched the lower the sample variance. When not all turbines are sampled, the fatality rate estimated 
for the sampled turbines is scaled to all turbines to obtain the estimated total for the project. 


In areas with low bird activity during winter, such as Maine, fatalities are assumed to be negligible during 
winter, and fatality estimates are typically reported per year even though carcass searches are frequently 
not conducted during winter (e.g., Gruver et al. 2009). Therefore, fatality estimates calculated for spring, 
summer, and fall will be combined and reported as “fatalities per year”.  


 Incidental Fatality Observations  


Operations of the Project will require maintenance and operational tasks. Facility operation and 
management staff will spend the greatest amount of time onsite and will become the most familiar with 
the turbines and surrounding areas. These personnel provide a great opportunity for incidental avian and 
bat fatality monitoring efforts.  


Training of facility operators and management staff will be undertaken during the initial month of post-
construction monitoring surveys. A method for standardizing incidental fatality observations will be 
developed and data sheets will be provided to all facility staff. Incidental fatality monitoring duties will 
not conflict with the safety of facility personnel or their core responsibilities of operating the wind facility. 
All incidental carcasses found by staff will be reported to MDIFW. 


The incidental monitoring data will also be collected between years of proposed standardized fatality 
searches. Incidental data will be compiled at the wind facility and included in the final monitoring reports; 
however, the data will not be included in the total abundance estimator described below, as it will not 
meet the assumptions of the statistical model being employed. 


 Fatality Reporting  


The results of the fatality searches, scavenger removal trials, searcher efficiency trials, and avian radar will 
be provided in a report prepared after the conclusion of each year of field surveys. Incidental fatality 
observations by CMW personnel will also be included in the reporting (but not in the rate estimate). In 
addition to annual reports, all the long form raw data (i.e. all the data factors and not just summary data) 
from the Project will be submitted to MDIFW. The data submittal to MDIFW will include tabular and 
associated GIS fatality data, searcher efficiency data, persistence data, and search area data. A summary 
of all incidental fatality observations made by facility staff during years when standardized carcass 
searches are not being conducted will be provided to MDIFW annually.  


If during the course of the standardized carcass searches, or incidental monitoring, a Significant Fatality 
Event is observed, the event shall be reported within one week (7 calendar days) to both the MDIFW and 
the MDEP. A Significant Fatality Event shall be defined as 5 or more fatalities at a single turbine, or a total 
of 20 or more fatalities in a single event. An event consists of either as a period not to exceed 24 hours. If 
there are any observed fatalities of state or federally listed Endangered or Threatened Species CMW will 
report the fatality to MDIFW and MDEP within 24-hours of the discovery.  
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6.0 AVIAN RADAR 


An avian radar survey will be conducted concurrently with fatality searching during the spring and fall 
seasons of years 1, 2, and 3 to capture data on nocturnal migrants. The data will be collected in a manner 
to evaluate any correlation between observed mortality with nightly passage rates. The results of the 
avian radar survey will be incorporated in the fatality report.  
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Evidence of Absence Detection Probability Analysis for Bats at the Canton Mountain Wind Project, Year 1 (2018). 


Season 


Search Schedule1 Searcher Efficiency2 Carcass Persistence3 


Search Interval 
(I) 


Number of 
Searches 


Carcasses 
Available 


Carcasses Found p̂ 
95% Confidence 


Interval 
Shape (α) Scale (β) 


95% Confidence 
Interval 


r 
95% Confidence 


Interval 


Spring 1.00 40 10 5 0.5 0.224–0.776 0.7213 1.765 1.4274–2.1018 0.995 0.976–1 


Summer 1.25 25 10 5 0.5 0.224–0.776 0.4443 0.9697 0.4741–1.4653 0.966 0.879–0.998 


Fall 1.50 40 10 6 0.6 0.304–0.847 0.7805 1.019 0.6854–1.3532 0.913 0.841–0.964 


1Spatial coverage (a) = 0.61 Temporal coverage (v) = 1 
2Carcasses removed after one search. Factor by which searcher efficiency changes with each search (k) = 0.74 
3Distribution lognormal. Uniform arrivals. Field trials used to estimate parameters. 
Fatality Estimation: Carcass Count (X) = 0 Credibility level (1 - α) = 0.8
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Notice  


This report was prepared by DeTect, Inc. (DeTect) in the course of 


performing work for the Canton Mountain Wind Project under DeTect’s contract 


with Tetra Tech.  The data and information developed as a result of this study, 


and presented in this report, are the property of the client and are not to be 


disclosed to third parties without the express written consent of Tetra Tech.  
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Summary 


This report presents radar data recorded at the Canton Mountain Wind 


Project during the spring 2018 (April 14 – May 31) and fall 2018 (August 30 – 


October 24) seasons.  The MERLIN avian radar system uses horizontal and 


vertical scanning radars simultaneously to automatically and continuously record 


bird and bat activity in the vicinity of the proposed project.  The Vertical Scanning 


Radar (VSR) data provides both count and altitude information on targets, while 


the Horizontal Surveillance Radar (HSR) provides target directions.  The 


objective of the study was to evaluate temporal and spatial characteristics of 


spring and fall migration (e.g., target passage rate, altitude and direction) for 


targets (birds and bats) at the operating wind project site in order to assess risk. 


Target passage rates were variable, during both the spring and fall 2018 


seasons as well as between four biological periods (dawns, days, dusks, and 


nights).  Spring target passage rates averaged the greatest during nights (490 


targets / 1-km front / hr), with dawns, days, and dusks showing lower rates (104, 


130, and 81 targets / 1-km front / hr, respectively).  When spring target activity 


was further broken down into hours, average target passage rates peaked during 


night (hours 20 through 23), with another smaller midday peak during hours 10 


through 15.  Fall target passage rates showed a similar pattern and were 


greatest during nights (594.1 targets / 1-km front / hr), with dawns, days, and 


dusks again showing much lower rates (31.2, 36.3, and 11.9 targets / 1-km front / 


hr, respectively).  Hourly average target passage rates during fall peaked earlier 


during night (hours 19 through 23) and there was no secondary midday peak.  


These temporal results match expected patterns of nocturnal avian migration for 


both spring and fall, as did directional trends. 


Radar data from the horizontal radar indicated target bearings 


predominately towards the northeast for all time periods during the spring 2018 


season, especially during nights with 80% of nights averaging northeast.  Nights 


and dawns had the most concentrated target movements, with days and dusks 


lacking concentrated target movements.  Target bearings during the fall 2018 


season were predominately towards the southwest and south during nights as 
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well as the other time periods, with 76 % of nights averaging either southwest or 


south.  As in spring, nights and dawns had the most concentrated target 


movements during fall, with days and dusks again lacking concentrated target 


movements. 


Weather and radar data associations indicated that target passage rates 


during spring averaged greatest when target movements averaged towards the 


northeast and north, and also during nights when winds were from the southwest 


and south which likely provided tailwinds for spring migratory movements.  


Target movements were also most concentrated on nights with northeast target 


movements and wind directions from the south.  Fall data showed similar 


migration indicators, with target passage rates averaging greatest when target 


movements averaged towards the southwest, and when there were north, 


northeast, and east tailwinds.  Target movements were also most concentrated 


on nights with southwest target movements and wind directions from the 


northwest, north, and east. 


Mean target heights detected during spring 2018 were generally higher 


than the top of the rotor swept zone of 33.5 - 136.5 m AGL.  Mean target heights 


averaged greater during dusks (440 m) than other time periods (dawns: 385 m, 


days: 332 m, and nights: 326 m).  An hourly breakdown of target heights 


indicates an increase in target heights during hours 5-7 and again during 17-18, 


generally coinciding with the post-dawn and pre-dusk periods.  The majority of all 


targets detected during nights of the spring 2018 season were above the top of 


the rotor swept zone of the wind turbines (83 %); this was similar to percent 


targets recorded above the rotor swept height during dawn (83 %), day (83 %), 


and dusk (79 %) time periods.  Mean target heights averaged even greater 


during fall 2018, and were again greatest during dusks (dawns: 527 m, days: 477 


m, dusks: 660 m, and nights: 356 m).  An hourly breakdown of target heights 


indicates an increase during hour 5 (~dawn) with a peak during hour 16 (pre-


dusk).  The majority of all targets detected during nights of the fall 2018 season 


were above the top of the rotor swept zone of the wind turbines (78 %); this was 
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similar to percent targets recorded above the rotor swept height during dawn (81 


%), day (76 %), and dusk (79 %) time periods.     


  Although the majority of targets were above the rotor swept zone, the 


frequency of low visibility conditions during nocturnal migration could be a more 


important indicator of turbine collision risk.  Observation records from the nearby 


Auburn Lewiston Airport (LEW) during the 48-day spring 2018 season showed 


low visibility records during 6 nights (12.5 %), while the Fryeburg Eastern Slopes 


Regional Airport (IZG) had low visibility records during 7 nights (14.6 %).  


Observation records from LEW during the 56-day fall 2018 season showed low 


visibility records during 10 nights (17.9 %), while IZG had low visibility records 


during 14 nights (25.0 %).  Although migratory bird mortality risk from collisions 


during low visibility events could be considered low to moderate at this site based 


on the occurrence of low visibility conditions during nighttime in the area (i.e. 


LEW and IZG airports), these airports are 32 and 49 miles from the Canton site, 


respectively, and at much lower elevations (288 and 459 ft compared to 1,542 ft 


at the proposed Canton site) and provide only an indication of low visibility 


occurrence at the area; climatic conditions at the project site may be different.   
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MERLIN™ Avian Radar Survey 
Data Report for Spring & Fall, 2018 


 


1 INTRODUCTION 
 
A MERLIN avian radar system collected data at the Canton Mountain Wind Project 
during spring and fall 2018.  The objective of this radar survey was to collect radar 
data on bird and bat activity and movements at the site in order to evaluate 
temporal and spatial characteristics of spring and fall migration (e.g. target passage 
rate, altitude and direction) and assess risk at the operating wind project.  This 
report presents a summary of the radar data collected during the spring migration 
season (April 14 - May 31, 2018) and the fall migration season (August 30 – 
October 24, 2018).   
 


2 STUDY AREA 
 
The Canton Mountain Wind Project is located in Oxford County among the western 
mountains of Maine, and is located on Canton Mountain (Figure 2-1). Canton 
Mountain has an elevation of 470 meters (m) and is surrounded by mostly private, 
forested lands. There are numerous lakes and ponds in the region with six bodies 
of water located within 8 kilometers (km) of Canton Mountain: Wilson Pond to the 
northeast; Forest Pond, Round Pond, and Long Lake to the southeast; Lake 
Anasagunticook to the south; and Worthley Pond to the southwest. The surrounding 
mountains include Fish Hill to the south, Paine Hill to the northeast, and Pinnacle 
Mountain to the northwest. These mountains range in elevation from 288 m to 410 
m. The topography ranges from relatively level on the valley floor, to steep slopes 
with elevations approximately 182 m to 547 m above sea level. 
 
The 2010 radar unit was situated on the western side slope of Canton Mountain, 
about 118 m down slope from the Canton Mountain ridge on which the wind 
turbines are now located.  The western half of the vertical beam was scanning 
uphill; this difference in ground level was adjusted for in the 2010 vertical radar 
data.  The 2018 radar location was on top of the ridge near the 3rd northernmost 
turbine, and ~0.7 km east of the 2010 location.  Both locations provided an elevated 
view of the surrounding area and were relatively unobstructed by trees, buildings, or 
other obstacles and allowed for a clear line-of-sight for birds and bats in the area. 
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Figure 2-1.  Map of the Canton Mountain Wind Project with both 2010 and 2018 radar 
locations (Google Earth 2018, version 6.1.0.5001). 
 
 


3 METHODS 


3.1 Radar Equipment, Software, and Data Collection 


3.1.1 MERLIN Avian Radar System 


The MERLIN avian radar system is an advanced, automated radar system used for 
remote detection and tracking of bird and bat activity.  A remote data uplink allowed 
remote system monitoring, access to recorded data, and system administration.  
The MERLIN system collected radar data continuously (24 hours a day, 7 days a 
week), with the exception of limited periods of system maintenance or downtime.  


A model XS2530e MERLIN avian radar system (Figure 3-1) was used to survey the 
Canton Mountain Wind Project site.  This model has dual marine, magnetron radar 
sensors: a 25-kW power, X-band frequency (3 cm wavelength), vertical scanning 
radar (VSR) sensor, and a 30-kW power, S-band (10 cm wavelength), horizontal 
surveillance radar (HSR) sensor.  Both are mounted on a scissor lift that raises the 
X-band sensor 12 feet and the S-band 15 feet.    
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Figure 3-1.  Merlin avian radar system used at the Canton Mountain Wind Project during 
spring and fall 2018. 
 
The VSR operates in the vertical plane transmitting a 20°, wedge-shaped beam 
from horizon-to-horizon using the vertical scanning technique (Harmata et al. 1999) 
(Fig. 3-2) at a scan rate of 23 RPM’s, or 1 scan every 2.6 seconds, and a range 
setting of 0.75 nm to either side and above the radar.  The orientation was East – 
West in order to best capture North-South migration while also minimizing 
interference from the wind turbines on the narrow ridge.  The X-band used for this 
VSR is a short wavelength radar (3 cm) and is susceptible to interference from very 
small targets such as precipitation.  The VSR data is used to determine target 
altitudes, as well as target counts and passage rates.  Vertical radar images 
representing both high and low target passage rates are shown in the right sides of 
Figure 3-3 (spring 2018) and Figure 3-4 (fall 2018). 
 


 
Figure 3-2.  Illustration of beam coverage for the HSR (gray) and the VSR (orange) 
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The HSR radar scans 360°in the horizontal plane transmitting a 25°, wedge-shaped 
beam relatively perpendicular to the VSR (Fig. 3-2) at a scan rate of 27 RPM’s, or 1 
scan every 2.2 seconds, and a range setting of 2.0 nm radius.  The S-band used for 
the HSR has the advantage of greater detection range and less interference from 
ground clutter and precipitation.  It is also less sensitive to insect contamination.  
The HSR data is used to determine directional movement of targets over and 
through the project area.  Horizontal radar images representing both high and low 
target passage rates are shown in the left sides of Figure 3-3 (spring 2018) and 
Figure 3-4 (fall 2018). 
 


  
 


  
Figure 3-3.  Hourly images of tracks recorded by the HSR (left) and VSR (right) during nights 
of more migration (top) and less migration (bottom) at the Canton Mountain Wind Project 
during spring 2018.  Target direction is indicated by the color wheel. 
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Figure 3-4.  Hourly images of tracks recorded by the HSR (left) and VSR (right) during nights 
of more migration (top) and less migration (bottom) at the Canton Mountain Wind Project 
during fall 2018.   Target direction is indicated by the color wheel. 


3.1.2 MERLIN Avian Radar Processing Software 
 
The Merlin avian radar system uses modern, marine-grade radar signal processing 
technology to collect, process, and store 12-bit digitized radar data from both the 
VSR and HSR.  Target data from both radars is processed in real-time by the 
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MERLIN software (version 4.14.0 with tracker 4.0.0.1) at the radar with all data on 
targets, tracks, and system parameters recorded to internal system databases.   


The MERLIN avian radar processing software was specifically developed for bird 
detection and tracking and uses automated clutter suppression in conjunction with 
biological target detection, tracking, and data recording to identify and track targets 
in the survey area.  The software also identifies noise (undesired signals such as 
ground clutter and interference) within a given radar environment and applies a 
statistical approach to suppressing the noise while still allowing targets within the 
noise to be detected, tracked, and recorded. This maximizes the probability of 
detecting moving targets in high clutter environments (such as over vegetation).  
The application of CFAR (constant false alarm rate) algorithms and ground clutter 
mapping techniques are also included in the MERLIN software, and provide 
automated, high resolution data while minimizing the amount of display lost to 
ground clutter.   


The detection and tracking algorithms in the MERLIN software locate plot 
sequences of biological targets in the raw radar data that fit together into a 
sequence over time as the radar scans.  When a target meeting the criteria of a 
bird-like target is tracked for a minimum of three out of four sequential scans or 
plots, a track is written to the system database.  A target continues to track as long 
as it is detected three out of the last four scans or plots.   


Although the criteria for identifying bird targets has been developed to only track 
targets that are most likely birds, these are not separable from bats which are 
included within the targets tracks, and targets such as insects or clutter that will 
occasionally be falsely identified and tracked as bird targets.  However, the 
inclusion of non-bird / bat targets is minimized through optimization of operational 
settings in the software and application of custom database queries.   


An individual radar echo does not necessarily represent an individual bird or bat, as 
individuals moving in and out of the radar beam (e.g. circling, flying behind a large 
structure) would be “counted” by the radar system multiple times.  Similarly, some 
flocks of birds may be recorded as a single target if individuals cannot be 
distinguished.  Within the MERLIN system, each target is assigned a unique, 128-
digit, alpha numeric string which facilitates analysis of extended surveys.  
Therefore, an individual radar echo is referred to as a biological “target” in this 
study, and when counted together they represent an index of bird / bat activity or 
exposure level for a given period of time, and not necessarily a count of individuals.  


3.2 Data Analysis 


3.2.1 Radar Data  


Analysis of the radar data was conducted by DeTect’s Data Systems and Services 
department in Panama City, Florida.  DeTect uses Microsoft Windows® based 
computer systems, networks, and SQL (structured query language) servers for 
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database processing and analysis.  In order to minimize false tracks (insects, 
ground clutter, interference, etc.) in both the horizontal and vertical data, targets 
that were only plotted once after they were defined as a target (leaving only one 
row in the database) were considered low quality and eliminated from the database.  
TrackPlot images (15-minute increments) were manually reviewed for rain or other 
types of contamination.  All 15-min increments containing contamination were 
removed from the final dataset and noted in the level of effort metrics.  A filter that 
removed all tracks with less than 3 plots and occurring greater than 4000-ft was 
also applied to the VSR data.  An incorrect heading offset during setup at the start 
of the season was corrected at the radar by April 14, 2018 and was corrected in the 
data already collected during post-processing of the data. 


The cleaned radar data was analyzed during dawns (30 minutes before to 30 
minutes after sunrise), days (30 minutes after sunrise to 30 minutes before sunset), 
dusks (30 minutes before to 30 minutes after sunset), and nights (30 minutes after 
sunset to 30 minutes before sunrise the next day).  Hourly time periods and 
seasonal summaries were also used for some analyses. 


3.2.2 Vertical Radar Data - Target Counts and Altitudes 
 
The VSR data collected was used to develop information on target passage rates 
and heights within the project area.  As targets passed along or through the VSR 
beam, the position and altitude above ground level (AGL) of the target was 
recorded with each scan of the radar.  The position, altitude, and date-time 
information reported for a target is taken from the scan producing the greatest 
target area as that is the scan most likely having the best “look” at the target.  
Theoretically, that is also the scan closest to the center of the beam and therefore 
would have the least slant range error in the altitude measurement.  Each target’s 
altitudes were then used to derive mean and median target heights, as well as to 
group targets into one of three categories: below rotor swept zone, within rotor 
swept zone, or above rotor swept zone.  The turbine dimensions used for the 
altitude analyses included a rotor swept zone (RSZ) ranging from 33.5 - 136.5 m 
AGL and represented a 51.5-m rotor on an 85-m high hub.   
 
The VSR data were standardized to a 1-km front per hour, generally the industry 
standard for most migratory and wind energy avian studies and risk analyses.  For 
this report, target passage rates are further defined as the number of targets 
detected within a right-sided 1-km front during a one hour period (1 km to the right 
of the radar, Figure 3-5); this avoided an area of frequent interference on the left 
side.  Target passage rates were standardized into an hourly rate by dividing the 
target count by the number of minutes of radar data within a given time period, 
subtracting any time lost or contaminated, and multiplying by 60.  Target passage 
rates (below, within, and above the rotor swept zone, as well as total), and mean 
and median target heights, were calculated for each biological period and hour 
during this survey.  Target passage rates were also averaged by biological period 
and hour.  Comprehensive target passage rates, in which all targets were grouped 
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by a given time period regardless of date, were also calculated hourly.  Both grand 
and comprehensive mean target heights were calculated; the former being the 
average of the average target heights for a period of time across the season, and 
the latter being the average height of all targets within a given time period 
regardless of date.  Median target heights were both averaged across biological 
periods and hours, and calculated by biological period.  The distribution of targets 
within 50-m increments is also presented. 
 


 
Figure 3-5.  Illustration of area sampled for the VSR data using a right-sided (red-outlined 
box) and a rotor swept zone of 36.5 – 133.5 m (orange-outlined box) within the 1-km front 
area. 
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3.2.3 Horizontal Radar Data - Target Directions 


The HSR data collected was used to develop information on the movement of 
targets within the project area.  As targets were detected by the HSR, their bearings 
were recorded on each scan of the radar.  The average bearing of each target was 
then generated from all the scans as the target passed through the HSR beam.  
Date-time information was derived using the last plot of the track. 
 
The HSR data were queried and an average target direction was generated for 
each biological period and hour; target (angular) concentrations were also 
calculated for each biological period.  The comprehensive directional distribution of 
all targets was illustrated by biological period and hour in Microsoft Office Excel by 
developing frequency tables of target numbers occurring in 45° increments: eight 
groups centered on north, northeast, east, southeast, south, southwest, west, and 
northwest.  In order to look for trends between mean target directions, target 
passage rates and target heights, biological periods were grouped by their mean 
target direction into the same eight directional categories.  Both target passage 
rates and mean target heights were averaged within each directional category, for 
each biological period. 
 
Calculations of mean direction and angular concentration (r) for these time periods 
were calculated using SQL and formulas based on Zar 1999.  The value of r is a 
measure of concentration; it has no units and varies from 0 (no concentration, all 
values very dispersed) to 1.0 (all data concentrated in the same direction), whereas 
1-r is a measure of angular dispersion (Zar 1999).    


3.2.4 Weather and Visibility Data 


Weather data was collected from a meteorological tower on site.  Recordings of 
wind speed (m/s), wind direction (degrees), and temperature (°C) were recorded at 
the meteorological tower.  Ten minute averages were then used to derive averages 
for each of these weather variables for the biological periods.  The mean angle and 
angular concentration (r) of wind directions were calculated using Zar 1999.   
Precipitation data was derived from the recorded vertical radar data.   


Visibility records from this time period were accessed from two nearby airports: 
Auburn/Lewiston Municipal Airport (LEW, ~32 miles South, elevation 288 ft / 89 m) 
and Eastern Slopes Regional Airport (IZG, ~49 miles Southwest, elevation 450 ft / 
137 m).  Avian collision risk may be associated with low visibility events during 
migration at night because it could limit the opportunity for avoidance behavior by 
species that see and avoid turbines, making the frequency of low visibility 
conditions during nocturnal migration an important indicator of turbine collision risk.  
Inclement weather has also been identified as an important factor in avian collisions 
with lighted structures such as power lines, buildings and communication towers 
(Gauthreaux and Besler, 2006). 
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For the purpose of the avian risk assessment for this study, low visibility potentially 
resulting in bird collision risk is defined as visibility equal to or less than 0.5 mile 
based on the National Weather Service’s lowest visibility threat level for humans.  
For this study, low visibility records were collected from both the LEW and IZG 
airports during both the spring and fall 2018 seasons.  Percentage of observations 
that were equal to or less than 0.5 miles were calculated for each biological time 
period of each date.  Visibility observations (statue miles) were collected 
approximately hourly at both airports, but observations was usually collected more 
frequently when visibility decreased, making this a conservative indicator for low 
visibility in the region.   


In order to look for trends between radar and weather variables, target passage 
rates, directions, and angular concentration were grouped by average nightly wind 
direction.  Target passage rates and angular concentration, and several weather 
variables (wind direction, wind angular concentration, wind speed, temperature, 
rain, and low visibility) were also grouped by target direction.   
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4 RESULTS for Spring 2018 
 
The MERLIN avian radar system operated continuously (24 hours a day) at the 
radar location April 14 - May 31, 2018.  Table 4-1 presents available time, time 
radar data were collected, amount of radar data that were removed due to rain or 
other contamination, and the resulting time of radar data used for analyses, during 
spring 2018.  The vertical (x-band) radar typically has additional down-time because 
weather or aerial debris blocks the smaller wavelength of this radar so few if any 
targets are discernible, compared to the longer wavelength of the horizontal (s-
band) radar which allows almost all targets to be detected in rain with the help of 
digital processing.   
 
Table 4-1.  Radar monitoring effort at the Canton Mountain Wind Project during spring 2018. 


Hours % Hours %
Time in season 1151.0 1151.0
Time radar down 35.3 3.1% 33.8 2.9%
Time radar collected data 1115.7 96.9% 1117.2 97.1%


Unuseable radar data1 77.9 7.0% 27.9 2.5%


Useable radar data2 1037.8 90.2% 1089.3 94.6%
1 - Percent indicates portion of time w ith radar data that w as lost due to rain or other contamination.


2 - Percent indicates portion of season w ith useable radar data.


Vertical Radar Horizontal Radar


 
 


4.1 Vertical Radar Data 
 
Data collected from the vertical scanning radar (VSR) were used to quantify target 
movements through the project area.  Data are presented as a rate equaling total 
number of targets / 1-km front / hr.   


4.1.1 Target Passage Rates Over Time 
 
Target passage rates during spring 2018 were variable over time (Fig. 4-1) as well 
as biological periods (Fig. 4-2).  Target passage rates averaged the greatest during 
night, with dawns, days, and dusks averaging lower target passage rates (Fig. 4-2).  
Summary statistics of the target passage rates for each of the biological periods are 
presented in table 4-2.  (All target counts and target passage rates for each 
biological period are presented in Appendix C).   







                                                                                                                                          MERLIN™ Avian Radar Survey for  
the Canton Mountain Wind Project 
Data Report for Spring & Fall 2018 


                  
 


 
 
The information contained and/or attached to this document is for intended recipient(s) only and may not be distributed to third parties in any 
form without the express written consent of Tetra Tech.  This communication contains confidential, proprietary and/or privileged information and 
the recipient(s) hereby agree to treat it as such.  If you have received this in error, immediately and permanently delete or destroy this document 
and all enclosures or attachments.   


 


12


   


0


500


1000


1500


2000


2500
T


ar
ge


t P
as


sa
ge


 R
at


e 
(T


ar
ge


ts
 / 


1-
km


 fr
on


t /
 h


r)


Total Target Passage Rates (TPR) Dawn Total  TPR


Day Total TPR


Dusk Total  TPR


Night Total  TPR


 
Figure 4-1.  Target passage rates (TPR) during each biological periods of the spring 2018 
season at the Canton Mountain Wind Project. 
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Figure 4-2.  Average target passage rates (TPR) by biological period at the Canton Mountain 
Wind Project during spring 2018.  Error bars represent one standard error. 
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Table 4-2.  Summary statistics for target passage rates (TPR, number targets / 1-km front / 
hour) for biological periods at the Canton Mountain Wind Project during spring 2018. 


Dawn Day Dusk Night
Average TPR 104.3 129.5 81.4 490.1


Standard Error for Avg TPR 38.8 17.9 20.6 66.5
Median TPR 35.5 105.5 29.0 412.2


Minimum TPR 2.0 1.3 1.0 6.6
Maximum TPR 1737.0 471.7 688.0 1960.6


Comprehensive* TPR 106.7 136.0 82.1 479.6
*Comprehensive value uses all periods, not just those w ith >=50% useable data  
 
Hourly target passage rates also differed throughout spring 2018 (Fig. 4-3) and 
were greatest during overnight from 8 pm to midnight (hours 20 through 23) with a 
smaller secondary peak during midday (hours 10 through 15).  Both average and 
comprehensive hourly target passage rates are presented: average rates are the 
average of each date’s hourly target rate in a given hour, while comprehensive 
rates use targets grouped by hour, regardless of date. 
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Figure 4-3.  Average and comprehensive hourly target passage rates at the Canton Mountain 
Wind Project during spring 2018.  Error bars represent one standard error. 
 


4.1.2 Altitudinal Distribution of Targets 
 
Mean and median target heights are presented for each biological period (Fig. 4-4 
and Fig. 4-5, respectively) of spring 2018.  Mean target heights were generally 
above the maximum RSZ height.  Mean target heights were below the maximum 
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RSZ height during 1 dawn (2.2 %), 0 days (0 %), 1 dusk (2.4 %), and 0 nights (0 
%).  Median target heights were lower than the means and more values occurred 
below the maximum RSZ height (7 dawns (15.2 %), 1 day (2.2 %), 10 dusks (24.4 
%), and 3 nights (6.7 %)).   
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Figure 4-4.  Mean target heights at the Canton Mountain Wind Project during spring 2018.  
Top and bottom of the RSZ are 33.5 - 136.5 m AGL, respectively. 
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Figure 4-5.  Median target heights at the Canton Mountain Wind Project during spring 2018.  
Top and bottom of the RSZ are 33.5 - 136.5 m AGL, respectively. 
 
The mean and median target heights during each biological period were calculated 
for all dates with > 50% data for that time period, averaged into a grand mean and 
average median, and presented in Table 4-3 (top) and illustrated in Figure 4-6 (blue 
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bars).  (All mean and median target height values for each biological period can be 
found in Appendix C.)    The comprehensive mean and median target heights for 
each biological period (when all targets were combined regardless of date) are also 
listed in Table 4-3 (bottom) and illustrated in Figure 4-6 (green bars).   
 
Table 4-3.  Summary of mean and median target heights at the Canton Mountain Wind Project 
during biological periods of spring 2018.  Darker colors in color-coded rows indicate greater 
values within that row. 


Dawn Day Dusk Night
Grand (Average) Mean Target Height 384.5 332.3 440.3 325.5


Average Median Target Height 316.7 281.2 379.9 257.5
Comprehensive Mean Target Height 378.2 262.3 298.2 346.5


Comprehensive Median Target Height 316.4 219.5 239.6 288.3  
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Figure 4-6.  Grand mean and average median target heights averaged across individual 
biological periods (blue bars), and comprehensive mean and median target heights of all 
targets grouped by biological period (green bars), at the Canton Mountain Wind Project, 
during spring 2018.  Error bars represent one standard error. 
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Hourly target heights were averaged into a grand hourly target mean and an 
average hourly target median for each of 24 hours; a comprehensive hourly target 
mean was also calculated by pooling all targets within a given hour together, 
regardless of date (Fig. 4-7).  
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Figure 4-7.  Hourly target heights at the Canton Mountain Wind Project during spring 2018.  
Error bars represent one standard error.  Red lines represent top and bottom of the RSZ (33.5 
- 136.5 m AGL). 
 
 
The distribution of all targets detected during spring 2018 are shown using 50-meter 
increments (Fig. 4-8).   
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Figure 4-8.  Number of targets occurring in each 50-meter increment at the Canton Mountain 
Wind Project during biological periods of spring 2018.  Red indicates rotor swept heights, 
and purple indicates altitudes partially within rotor swept heights.  Horizontal axes are not 
standardized. 







                                                                                                                                          MERLIN™ Avian Radar Survey for  
the Canton Mountain Wind Project 
Data Report for Spring & Fall 2018 


                  
 


 
 
The information contained and/or attached to this document is for intended recipient(s) only and may not be distributed to third parties in any 
form without the express written consent of Tetra Tech.  This communication contains confidential, proprietary and/or privileged information and 
the recipient(s) hereby agree to treat it as such.  If you have received this in error, immediately and permanently delete or destroy this document 
and all enclosures or attachments.   


 


18


 
Using a RSZ of 33.5 - 136.5 m AGL, target passage rates below, within, and above 
the RSZ were calculated for each date.  Individual target passage rates are 
presented for dawns, days, dusks, and nights (Fig. 4-9).  Target passage rates and 
percent targets averaged greater above the RSZ than either within or below the 
RSZ, and were also greater during nights than the remaining time periods (Table 4-
4, 1st and 3rd sections).  Within the RSZ, percent targets were greatest during dusk.  
All target counts, passage rates, and percent targets in the RSZ for each biological 
period can be found in Appendix C.  Target passage rates and percent targets 
below, within, and above the RSZ were also calculated seasonally, with all targets 
detected during each biological period of the spring 2018 combined together (Table 
4-4, 2nd and 4th sections).  Seasonally, the majority of targets were also recorded 
above the RSZ and the least below the RSZ for all biological time periods.     
 
Table 4-4.  Summary of target passage rates and percent of targets above, within and below 
the RSZ (33.5 - 136.5 m AGL) at the Canton Mountain Wind Project during biological periods 
of spring 2018.  Darker colors indicate greater values. 


Dawn Day Dusk Night
Average TPR above RSZ 86.2 107.7 64.7 406.3
Average TPR within RSZ 16.7 20.3 16.1 74.6
Average TPR below RSZ 1.5 1.5 0.6 9.1


Average TPR , all Altitudes 104.3 129.5 81.4 490.1


Dawn Day Dusk Night
Comprehensive TPR above RSZ 88.2 112.9 65.1 398.1
Comprehensive TPR within RSZ 17.0 21.6 16.4 72.5
Comprehensive TPR below RSZ 1.5 1.5 0.6 9.0


Comprehensive TPR , all Altitudes 106.7 136.0 82.1 479.6


Dawn Day Dusk Night
Average % of Targets above RSZ 77.1% 81.4% 71.3% 75.5%
Average % of Targets within RSZ 20.8% 15.3% 26.7% 21.8%
Average % of Targets below RSZ 2.1% 3.3% 2.0% 2.7%


Dawn Day Dusk Night
Comprehensive % of Targets above RSZ 82.7% 83.0% 79.3% 83.0%
Comprehensive % of Targets within RSZ 15.9% 15.9% 19.9% 15.1%
Comprehensive % of Targets below RSZ 1.4% 1.1% 0.7% 1.9%  
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Figure 4-9.  Target passage rates below, within, and above the RSZ (33.5 - 136.5 m AGL) at the 
Canton Mountain Wind Project during dawns, days, dusks, and nights (top to bottom) of 
spring 2018. 
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Average hourly target passage rates below, within, and above the rotor swept zone 
are also given (Fig. 4-10). 
 


0


100


200


300


400


500


600


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23


Ta
rg


e
t 


P
a


ss
a


g
e


 R
a


te
 (


Ta
rg


e
ts


 /
 1


-k
m


 f
ro


n
t /


 h
r)


Hour


Average TPR Above RSZ
Average TPR Within RSZ
Average TPR Below RSZ


 
Figure 4-10.  Average hourly target passage rates at the Canton Mountain Wind Project 
during spring 2018. 
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4.2 Horizontal Radar Data 
 
The Horizontal Surveillance Radar (HSR) was used to determine directional 
movements of targets during biological periods of spring 2018. 


4.2.1 Target Directions 
 
Average target directions were calculated for each biological period (Fig. 4-11); 
individual values for average target bearing and angular concentration (r) are listed 
in Appendix D.  Target bearings were predominantly towards the northeast during 
all time periods but especially nights.  Target directions were more concentrated 
during nights (average r = 0.51) than the remaining time periods (dawn average r = 
0.24, day average r = 0.07, dusk average r = 0.05).  Average target directions were 
also calculated seasonally (comprehensive distribution), with all targets detected 
during the spring 2018 combined together by biological period (Fig. 4-12) and hour 
(Fig. 4-13).   
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Figure 4-11.  Distribution of average target movements among eight directions during 
biological periods at the Canton Mountain Wind Project during spring 2018. 
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Figure 4-12.  Comprehensive distribution of target directions by biological period at the 
Canton Mountain Wind Project during spring 2018. 
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Figure 4-13.  Comprehensive distribution of target directions by hour at the Canton Mountain 
Wind Project during spring 2018. 
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4.3 Weather Data 


4.3.1 Weather Information 
 
Weather data was gathered from an on-site meteorological tower and wind speed, 
temperature, and wind direction were averaged by biological period (Table 4-5, 
individual values in Appendix E).  Average wind directions were most frequently 
westerly during all time periods, except dusks which included many dates with 
winds averaging from the south (Fig. 4-14).   
 
Table 4-5.  Average values of wind speed and temperature during four biological periods at 
the Canton Mountain Wind Project during spring 2018.. 


Dawn Day Dusk Night


Average Wind Speed (m/s) 6.7 6.4 6.7 7.1


Average Temperature (°C) 7.1 10.1 11.1 8.7  
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Figure 4-14.  Distribution of wind directions during biological periods at the Canton Mountain 
Wind Project during spring 2018. 
 
Low visibility potentially resulting in bird collision risk for this study is defined as less 
than 0.5 miles (805 m) based on the National Weather Service’s lowest visibility 
threat level for humans.  Visibility records were accessed from the Auburn Lewiston 
Airport (LEW) and the Fryeburg Eastern Slopes Regional Airport (IZG) during 
spring 2018 (Appendix E).   Low visibility occurred at LEW during six nights (May 3, 
7, 8, 9, 15, and 28) and at IZG during seven nights (April 30, May 6, 8, 12, 15, 28, 
and 29) during April 14 - May 31, 2018.      
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4.3.2 Weather and Radar Data Associations 
 
Target passage rates were greatest on nights with winds from the southwest or 
south, and least on nights with southeast and north winds (Table 4-6).  The 
horizontal data indicated that the majority of nights had northeast target directions 
(80 %).  Furthermore, when nights were grouped by average wind direction, 
average target directions averaged northerly in all groups except when winds were 
from the north.  Average nightly target concentrations were greater during nights 
with winds from the south, southwest, west, and northwest but relatively dispersed 
during nights with winds from the north, northeast, east, and southeast (Table 4-6).     
 
Table 4-6.  Characteristics of target movement at the Canton Mountain Wind Project during 
nights of spring 2018, categorized by average nightly wind direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Wind Direction N NE E SE S SW W NW
# nights 3 4 2 4 2 12 12 9


Average Target Passage Rate (targets/1-km front/hr) 145.2 259.0 506.3 131.8 625.7 871.1 390.5 295.8
Average Target Bearing (degrees) 68.3 349 324.3 19.2 35.1 38.6 44.1 47.3
Corresponding Target Direction E N NW N NE NE NE NE


*Concentration of Average Target Bearings 0.38 0.80 0.54 0.75 1.00 0.99 0.99 0.97
**Average Target Concentration 0.27 0.23 0.31 0.19 0.75 0.59 0.58 0.60


% of nights with either rain or low visibility 33% 75% 50% 75% 50% 33% 33% 33%
* Indicates the angular concentration of the average nightly target directions on nights grouped by wind direction.  For example, on 
the four nights with winds averaging from the northeast the four nightly average target directions were close together (48°, 302°, 
340° & 350°) resulting in a high concentration value (0.80).


** Represents the average of the nightly target concentration values on nights grouped by wind directions.  For example, on the four 
nights averaging winds from the northeast nightly target concentrations were very low (average 0.23), indicated fairly dispersed 
target movements on nights with NE winds.  
 
When nights were grouped by average target direction, target passage rates were 
the greatest during nights of northeast target movements (Table 4-7).  Nightly 
angular concentrations of targets were greatest during northeast movements and 
relatively low across the remaining target directions.   
 
Table 4-7.  Weather characteristics and target passage rates at the Canton Mountain Wind 
Project during spring 2018, categorized by average target direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Target Direction N NE E SE S SW W NW
# nights 4 37 2 0 0 1 1 2


Average Target Passage Rate (targets/1-km front/hr) 356.0 538.4 46.5 - - 10.5 6.6 304.3
Average Angular Concentration of Targets 0.17 0.59 0.22 - - 0.03 0.10 0.23


Average Wind Direction (degrees) 76.8 257.0 37.8 - - 12.8 77.2 66.6
Corresponding Wind Direction E W NE - - N E NE


*Concentration of Average Wind Bearings 0.73 0.66 0.03 - - 1.00 1.00 0.50
**Average Wind Concentration 0.95 0.89 0.97 - - 0.86 1.00 0.92


% of nights with either rain or low visibility 75% 38% 50% - - 100% 100% 50%
* and ** See footnote in previous table  
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5 RESULTS for Fall 2018 
 
The MERLIN avian radar system also operated continuously (24 hours a day) at the 
radar location August 30 – October 24, 2018.  Table 5-1 presents available time, 
time radar data were collected, amount of radar data that were removed due to rain 
or other contamination, and the resulting time of radar data used for analyses, 
during fall 2018.  The vertical (x-band) radar typically has more down-time because 
weather or aerial debris blocks the smaller wavelength of this radar so few if any 
targets are discernible, compared to the longer wavelength of the horizontal (s-
band) radar which allows almost all targets to be detected in rain with the help of 
digital processing.  Additional down-time during this season was due to downtime 
on the VSR radar September 1-3 and October 4-9. 
 
Table 5-1.  Radar monitoring effort at the Canton Mountain Wind Project during fall 2018. 


Hours % Hours %
Time in season 1345.1 1345.1
Time radar down 265.5 19.7% 18.7 1.4%
Time radar collected data 1079.7 80.3% 1326.5 98.6%


Unuseable radar data1 90.3 8.4% 48.7 3.7%


Useable radar data2 989.4 73.6% 1277.8 95.0%
1 - Percent indicates portion of time w ith radar data that w as lost due to rain or other contamination.


2 - Percent indicates portion of season w ith useable radar data.


Vertical Radar Horizontal Radar


 
 


5.1 Vertical Radar Data 
 
Data collected from the vertical scanning radar (VSR) were used to quantify target 
movements through the project area.  Data are presented as a rate equaling total 
number of targets / 1-km front / hr.   


5.1.1 Target Passage Rates Over Time 
 
Target passage rates during fall 2018 were variable over time (Fig. 5-1) as well as 
biological periods (Fig. 5-2).  Target passage rates averaged much greater during 
night, with dawns, days, and dusks averaging lower target passage rates (Fig. 5-2).  
Summary statistics of the target passage rates for each of the biological periods are 
presented in table 5-2.  (All target counts and target passage rates for each 
biological period are presented in Appendix C).   
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Figure 5-1.  Target passage rates (TPR) during each biological periods of the fall 2018 season 
at the Canton Mountain Wind Project. 
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Figure 5-2.  Average target passage rates (TPR) by biological period at the Canton Mountain 
Wind Project during fall 2018.  Error bars represent one standard error. 
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Table 5-2.  Summary statistics for target passage rates (TPR, number targets / 1-km front / 
hour) for biological periods at the Canton Mountain Wind Project during fall 2018. 


Dawn Day Dusk Night
Average TPR 31.2 36.3 11.9 594.1


Standard Error for Avg TPR 6.0 8.8 1.8 95.8
Median TPR 16.0 10.8 8.0 374.3


Minimum TPR 1.0 2.9 0.0 6.4
Maximum TPR 156.0 282.4 55.0 2559.6


Comprehensive* TPR 31.3 38.0 11.8 580.0
*Comprehensive value uses all periods, not just those w ith >=50% useable data  
 
Hourly target passage rates also differed throughout fall 2018 (Fig. 5-3) and were 
greatest during early night from 7 pm through midnight (hours 19 through 23).  Both 
average and comprehensive hourly target passage rates are presented: average 
rates are the average of each date’s hourly target rate in a given hour, while 
comprehensive rates use targets grouped by hour, regardless of date. 
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Figure 5-3.  Average and comprehensive hourly target passage rates at the Canton Mountain 
Wind Project during fall 2018.  Error bars represent one standard error. 
 


5.1.2 Altitudinal Distribution of Targets 
 
Mean and median target heights are presented for each biological period (Fig. 5-4 
and Fig. 5-5, respectively) of fall 2018.  Mean target heights were generally above 
the maximum RSZ height.  Mean target heights were below the maximum RSZ 
height during 3 dawns (7.9 %), 0 days (0 %), 0 dusks (0 %), and 1 night (2.3 %).  
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Median target heights were lower than the means and more values occurred below 
the maximum RSZ height (5 dawns (13.2 %), 3 days (6.7 %), 4 dusks (9.5 %), and 
4 nights (9.1 %)).   
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Figure 5-4.  Mean target heights at the Canton Mountain Wind Project during fall 2018.  Top 
and bottom of the RSZ are 33.5 - 136.5 m AGL, respectively. 
 
  


‐200


0


200


400


600


800


1000


1200


1400


2
0
1
8
‐0
8
‐3
1


2
0
1
8
‐0
9
‐0
3


2
0
1
8
‐0
9
‐0
6


2
0
1
8
‐0
9
‐0
9


2
0
1
8
‐0
9
‐1
2


2
0
1
8
‐0
9
‐1
5


2
0
1
8
‐0
9
‐1
8


2
0
1
8
‐0
9
‐2
1


2
0
1
8
‐0
9
‐2
4


2
0
1
8
‐0
9
‐2
7


2
0
1
8
‐0
9
‐3
0


2
0
1
8
‐1
0
‐0
3


2
0
1
8
‐1
0
‐0
6


2
0
1
8
‐1
0
‐0
9


2
0
1
8
‐1
0
‐1
2


2
0
1
8
‐1
0
‐1
5


2
0
1
8
‐1
0
‐1
8


2
0
1
8
‐1
0
‐2
1


2
0
1
8
‐1
0
‐2
4


A
lti


tu
d


e
 (m


 A
G


L
)


Median Target Heights


Dawn Median Height


Day Median Height


Dusk Median Height


Night Median Height


Top RSZ


Bottom RSZ


 
Figure 5-5.  Median target heights at the Canton Mountain Wind Project during fall 2018.  Top 
and bottom of the RSZ are 33.5 - 136.5 m AGL, respectively. 
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The mean and median target heights during each biological period were calculated 
for all dates with > 50% data for that time period, averaged into a grand mean and 
average median, and presented in Table 5-3 (top) and illustrated in Figure 5-6 (blue 
bars).  (All mean and median target height values for each biological period can be 
found in Appendix C.)    The comprehensive mean and median target heights for 
each biological period (when all targets were combined regardless of date) are also 
listed in Table 5-3 (bottom) and illustrated in Figure 5-6 (green bars).   
 
Table 5-3.  Summary of mean and median target heights at the Canton Mountain Wind Project 
during biological periods of fall 2018.  Darker colors in color-coded rows indicate greater 
values within that row. 


Dawn Day Dusk Night
Grand (Average) Mean Target Height 526.5 477.1 659.6 355.7


Average Median Target Height 506.8 430.4 638.8 308.5
Comprehensive Mean Target Height 441.8 339.4 512.1 382.3


Comprehensive Median Target Height 375.2 261.8 380.7 324.6  
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Figure 5-6.  Grand mean and average median target heights averaged across individual 
biological periods (blue bars), and comprehensive mean and median target heights of all 
targets grouped by biological period (green bars), at the Canton Mountain Wind Project, 
during fall 2018.  Error bars represent one standard error. 
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Hourly target heights were averaged into a grand hourly target mean and an 
average hourly target median for each of 24 hours; a comprehensive hourly target 
mean was also calculated by pooling all targets within a given hour together, 
regardless of date (Fig. 5-7).  
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Figure 5-7.  Hourly target heights at the Canton Mountain Wind Project during fall 2018.  Error 
bars represent one standard error.  Red lines represent top and bottom of the RSZ (33.5 - 
136.5 m AGL). 
 
 
The distribution of all targets detected during fall 2018 are shown using 50-meter 
increments (Fig. 5-8).   
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Figure 5-8.  Number of targets occurring in each 50-meter increment at the Canton Mountain 
Wind Project during biological periods of fall 2018.  Red indicates rotor swept heights, and 
purple indicates altitudes partially within rotor swept heights.  Horizontal axes are not 
standardized. 







                                                                                                                                          MERLIN™ Avian Radar Survey for  
the Canton Mountain Wind Project 
Data Report for Spring & Fall 2018 


                  
 


 
 
The information contained and/or attached to this document is for intended recipient(s) only and may not be distributed to third parties in any 
form without the express written consent of Tetra Tech.  This communication contains confidential, proprietary and/or privileged information and 
the recipient(s) hereby agree to treat it as such.  If you have received this in error, immediately and permanently delete or destroy this document 
and all enclosures or attachments.   


 


33


 
Using a RSZ of 33.5 - 136.5 m AGL, target passage rates below, within, and above 
the RSZ were calculated for each date.  Individual target passage rates are 
presented for dawns, days, dusks, and nights (Fig. 5-9).  Target passage rates and 
percent targets averaged greater above the RSZ than either within or below the 
RSZ, and were also greater during nights than the remaining time periods (Table 5-
4, 1st and 3rd sections).  Within the RSZ, percent targets were greatest during night 
and day.  All target counts, passage rates, and percent targets in the RSZ for each 
biological period can be found in Appendix C.  Target passage rates and percent 
targets below, within, and above the RSZ were also calculated seasonally, with all 
targets detected during each biological period of the fall 2018 combined together 
(Table 5-4, 2nd and 4th sections).  Seasonally, the majority of targets were also 
recorded above the RSZ and the least below the RSZ for all biological time periods.   
 
Table 5-4.  Summary of target passage rates and percent of targets above, within and below 
the RSZ (33.5 - 136.5 m AGL) at the Canton Mountain Wind Project during biological periods 
of fall 2018.  Darker colors indicate greater values. 


Dawn Day Dusk Night
Average TPR above RSZ 25.3 27.4 9.4 464.7
Average TPR within RSZ 4.7 7.3 2.3 111.0
Average TPR below RSZ 1.2 1.5 0.2 18.4


Average TPR , all Altitudes 31.2 36.3 11.9 594.1


Dawn Day Dusk Night
Comprehensive TPR above RSZ 25.3 28.9 9.3 453.3
Comprehensive TPR within RSZ 4.7 7.5 2.3 108.6
Comprehensive TPR below RSZ 1.2 1.6 0.2 18.1


Comprehensive TPR , all Altitudes 31.3 38.0 11.8 580.0


Dawn Day Dusk Night
Average % of Targets above RSZ 79.2% 72.5% 83.8% 71.4%
Average % of Targets within RSZ 11.2% 19.9% 15.1% 23.2%
Average % of Targets below RSZ 9.5% 7.6% 1.1% 5.4%


Dawn Day Dusk Night
Comprehensive % of Targets above RSZ 81.0% 76.0% 78.9% 78.2%
Comprehensive % of Targets within RSZ 15.0% 19.8% 19.5% 18.7%
Comprehensive % of Targets below RSZ 4.0% 4.2% 1.6% 3.1%  
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Figure 5-9.  Target passage rates below, within, and above the RSZ (33.5 - 136.5 m AGL) at the 
Canton Mountain Wind Project during dawns, days, dusks, and nights (top to bottom) of fall 
2018. 
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Average hourly target passage rates below, within, and above the rotor swept zone 
are also given (Fig. 5-10). 
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Figure 5-10.  Average hourly target passage rates at the Canton Mountain Wind Project 
during fall 2018. 
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5.2 Horizontal Radar Data 
 
The Horizontal Surveillance Radar (HSR) was used to determine directional 
movements of targets during biological periods of fall 2018. 


5.2.1 Target Directions 
 
Average target directions were calculated for each biological period (Fig. 5-11); 
individual values for average target bearing and angular concentration (r) are listed 
in Appendix D.  Target bearings were predominantly towards the south and 
southwest during all time periods but especially nights.  Target directions were 
more concentrated during nights (average r = 0.57) than the remaining time periods 
(dawn average r = 0.33, day average r = 0.10, dusk average r = 0.07).  Average 
target directions were also calculated seasonally (comprehensive distribution), with 
all targets detected during the fall 2018 combined together by biological period (Fig. 
5-12) and hour (Fig. 5-13).   
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Figure 5-11.  Distribution of average target movements among eight directions during 
biological periods at the Canton Mountain Wind Project during fall 2018. 
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Figure 5-12.  Comprehensive distribution of target directions by biological period at the 
Canton Mountain Wind Project during fall 2018. 
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Figure 5-13.  Comprehensive distribution of target directions by hour at the Canton Mountain 
Wind Project during fall 2018. 
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5.3 Weather Data 


5.3.1 Weather Information 
 
Weather data was gathered from an on-site meteorological tower and wind speed, 
temperature, and wind direction were averaged by biological period (Table 5-5, 
individual values in Appendix E).  Average wind directions were most frequently 
westerly during all time periods (Fig. 5-14).   
 
Table 5-5.  Average values of wind speed and temperature during four biological periods at 
the Canton Mountain Wind Project during fall 2018. 


Dawn Day Dusk Night
Average Wind Speed (m/s) 6.6 5.6 5.8 6.8
Average Temperature (°C) 9.1 11.4 12.8 10.0  
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Figure 5-14.  Distribution of wind directions during biological periods at the Canton Mountain 
Wind Project during fall 2018. 
 
Low visibility potentially resulting in bird collision risk for this study is defined as less 
than 0.5 miles (805 m) based on the National Weather Service’s lowest visibility 
threat level for humans.  Visibility records were accessed from the Auburn Lewiston 
Airport (LEW) and the Fryeburg Eastern Slopes Regional Airport (IZG) during fall 
2018 (Appendix E).   Low visibility occurred at LEW during ten nights (September 
13, 14, 15, 16, 20, 28, and October 4, 9, 28, and 29) and at IZG during 14 nights 
(September 8, 9, 11, 13, 14, 16, 22, 24, 28, 29, and October 5, 14, 28, 29) during 
the 56-day fall season of August 30 – October 24, 2018.      
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5.3.2 Weather and Radar Data Associations 
 
Target passage rates were greatest on nights with winds from the north, northeast, 
or east, and least on nights with southwest winds (Table 5-6).  The horizontal data 
indicated that the majority of nights had southwest and south target directions (76 
%).  Furthermore, when nights were grouped by average wind direction, average 
target directions averaged south or southwest in all groups except when winds were 
from the west.  Average nightly target concentrations were well concentrated during 
all nights except when winds were from the south and southwest (Table 5-6).     
 
Table 5-6.  Characteristics of target movement at the Canton Mountain Wind Project during 
nights of fall 2018, categorized by average nightly wind direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Wind Direction N NE E SE S SW W NW


# nights 4 7 3 3 4 11 15 9
Average Target Passage Rate (targets/1-km front/hr) 951.0 757.3 795.1 613.2 315.3 193.9 352.8 458.2


Average Target Bearing (degrees) 217.9 224.6 244.0 249.0 287.5 240.7 194.4 205.7


Corresponding Target Direction SW SW SW W W SW S SW


*Concentration of Average Target Bearings 0.96 0.98 0.99 1.00 0.70 0.48 0.93 0.96
**Average Target Concentration 0.68 0.55 0.69 0.52 0.50 0.33 0.64 0.70


% of nights with either rain or low visibility 25% 0% 67% 33% 25% 27% 40% 22%
* Indicates the angular concentration of the average nightly target directions on nights grouped by wind direction.  For example, on 
the four nights with winds averaging from the South, the four nightly average target directions were close together (191°, 182°, 195° 
& 157°) resulting in a high concentration value (0.97).


** Represents the average of the nightly target concentration values on nights grouped by wind directions.  For example, on the four 
nights averaging winds from the southeast, nightly target concentrations were very low (average 0.23), indicated fairly dispersed 
target movements on nights with SE winds.  
 
When nights were grouped by average target direction, target passage rates were 
by far the greatest during nights of southwest target movements (Table 5-7).  
Nightly angular concentrations of targets were greatest during south and southwest 
movements and lower across the remaining target directions.   
 
Table 5-7.  Weather characteristics and target passage rates at the Canton Mountain Wind 
Project during fall 2018, categorized by average target direction.  Darker colors in color-
coded rows indicate greater values within that row. 


Target Direction N NE E SE S SW W NW


# nights 2 0 2 1 16 27 8 0


Average Target Passage Rate (targets/1-km front/hr) 47.2 - 7.0 69.7 235.7 743.1 265.8 -


Average Angular Concentration of Targets 0.14 - 0.32 0.2 0.7 0.60 0.47 -


Average Wind Direction (degrees) 191.4 - 219.2 251.4 286.4 329.3 175.3 -


Corresponding Wind Direction S - SW W W NW S -


*Concentration of Average Wind Bearings 0.87 - 1.00 1.00 0.91 0.22 0.72 -


**Average Wind Concentration 0.89 - 0.97 0.9 0.9 0.84 0.87 -


% of nights with either rain or low visibility 0% - 0% 0.0 0.3 33% 38% -


* and ** See footnote in previous table  
 
 
 
 







                                                                                                                                          MERLIN™ Avian Radar Survey for  
the Canton Mountain Wind Project 
Data Report for Spring & Fall 2018 


                  
 


 
 
The information contained and/or attached to this document is for intended recipient(s) only and may not be distributed to third parties in any 
form without the express written consent of Tetra Tech.  This communication contains confidential, proprietary and/or privileged information and 
the recipient(s) hereby agree to treat it as such.  If you have received this in error, immediately and permanently delete or destroy this document 
and all enclosures or attachments.   


 


41


6 CONCLUSIONS 


This radar survey collected data from the Canton Mountain Wind Project during 
spring and fall seasons of 2018 (April 14 - May 31 and August 30 – October 24, 
respectively).  Radar data was collected during 90.2% of available time for the 
vertical radar and 94.6% of available time for the horizontal radar during spring 
2018.  These percentages were less during the fall 2018 season (VSR: 73.6 %, 
HSR: 95.0 %) due to downtime on the VSR radar September 1-3 and October 4-9 
(Tables 4-1 and 5-1).   


Target passage rates during spring 2018 were variable over time as well as during 
the four biological periods (Figs 4-1 and 4-2).  Target passage rates averaged the 
greatest during nights (490.1 targets / 1-km front / hr), with dawns, days, and dusks 
showing much lower rates (104.3, 129.5, and 81.4 targets / 1-km front / hr, 
respectively, Table 4-2).  When target activity was further broken down into hours, 
average target passage rates peaked during night (hours 20 through 23), with a 
secondary midday peak during hours 10 through 15 (Fig. 4-3).  The five nights with 
the greatest target passage rates occurred on April 23, and May 4, 5, 22, and 24 
(Fig. 4-1).   


Target passage rates during fall 2018 had similar patterns to spring (Figs 5-1 and 5-
2).  They averaged the greatest during nights (594.1 targets / 1-km front / hr), with 
dawns, days, and dusks again showing much lower rates (31.2, 36.3, and 11.9 
targets / 1-km front / hr, respectively, Table 5-2).  When target activity was further 
broken down into hours, average target passage rates peaked earlier during night 
(hours 19 through 23) and there was no secondary midday peak (Fig. 5-3).  The 
five nights with the greatest target passage rates occurred on September 4, 19, 22, 
27 and October 1 (Fig. 5-1).  The greater activity during night, particularly early 
night, along with the large variance in nightly activity with pulses of high activity 
match expected patterns of nocturnal avian migration, both during spring and fall. 


Directional trends also indicated nocturnal migration during both seasons.  Targets 
movements during spring 2018 averaged predominantly to the northeast during 
nights as well as during dawns, days, and dusks (Fig. 4-11), with 80 % of nights 
having target directions that averaged northeast.  Nights and dawns had more 
concentrated target movements (average r values of 0.51 and 0.24, respectively), 
while days and dusks lacked concentrated target movements (Fig. 4-12).  Targets 
movements during fall 2018 averaged predominantly southwest and south during 
nights as well as during dawns, days, and dusks (Fig. 5-11), with 76 % of nights 
having target directions that averaged to the southwest or south.  Nights and dawns 
had more concentrated target movements (average r values of 0.57 and 0.33, 
respectively), while days and dusks lacked concentrated target movements (Fig. 5-
12).     
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Mean target heights detected during the spring 2018 season were generally higher 
than the top of the rotor swept zone of 33.5 - 136.5 m AGL (Figs. 4-4 and 4-5).  
Mean target heights averaged greater during dusks (440 m) than other time periods 
(dawns: 385 m, days: 332 m, and nights: 325 m).  Median target heights averaged 
slightly less, but followed the same trend: 317 m, 281 m, 380 m, and 258 m for 
dawns, days, dusks, and nights, respectively (Table 4-3).  An hourly breakdown of 
target heights indicate an increase during hours 5, 6 and 7, and again during hours 
17 and 18, generally post-dawn and pre-dusk (Fig. 4-7).  The majority of all targets 
(83 %) detected during nights of the spring 2018 season were above the top of the 
rotor swept zone of the turbine; this was similar to percent targets recorded above 
the rotor swept height during dawn (83 %), day (83 %), and dusk (79 %) time 
periods (Table 4-4).  Although most of the targets occurred above the rotor swept 
zone, a portion of the targets also occurred within the rotor swept zone totaling 16 
% during dawns, 16 % during days, 20 % during dusks, and 15 % during nights 
(Table 4-4).   


Mean target heights detected during the fall 2018 season were also generally 
higher than the top of the rotor swept zone of 33.5 - 136.5 m AGL (Figs. 5-4 and 5-
5).  Mean target heights averaged greater during dusks again (660 m) than other 
time periods (dawns: 527 m, days: 477 m, and nights: 356 m).  Median target 
heights averaged slightly less, but followed the same trend: 507 m, 430 m, 639 m, 
and 309 m for dawns, days, dusks, and nights, respectively (Table 5-3).  An hourly 
breakdown of target heights indicate an increase during hour 5 (~dawn) with a peak 
during hour 16 (pre-dusk) (Fig. 5-7).  The majority of all targets (78 %) detected 
during nights of the fall 2018 season were above the top of the rotor swept zone of 
the turbine; this was similar to percent targets recorded above the rotor swept 
height during dawn (81 %), day (76 %), and dusk (79 %) time periods (Table 5-4).  
Although most of the targets occurred above the rotor swept zone, a portion of the 
targets also occurred within the rotor swept zone totaling 15 % during dawns, 20 % 
during days, 20 % during dusks, and 19 % during nights (Table 5-4). 


Although the majority of targets were above the rotor swept zone, the frequency of 
low visibility conditions during nocturnal migration could be a more important 
indicator of turbine collision risk.  Atmospheric conditions affect both flight direction 
and height of migrating passerines (Kerlinger and Moore, 1989), and inclement 
weather has been identified as an important factor in avian collisions with other tall 
structures such as power lines, buildings, and particularly communication towers 
(Manville, 2005).  It is thought that inclement weather such as low visibility forces 
migrating birds to lower altitudes, increasing their collision risk with tall structures, 
including wind turbines (Morrison, 2006).   
 
For the purpose of the avian risk assessment for this study, low visibility potentially 
resulting in bird collision risk is defined as visibility equal to or less than 0.5 mile 
based on the National Weather Service’s lowest visibility threat level for humans.  
Observation records from the nearby Auburn Lewiston Airport (LEW) showed low 
visibility records during 6 nights (12.5 %) of the 48-day spring 2018 season, while 
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the Fryeburg Eastern Slopes Regional Airport (IZG) had any low visibility records 
during 7 nights (14.6 %).  During the 56-day fall 2018 season the LEW airport had 
low visibility occur during 10 nights (17.9 %) and IZG airport recorded low visibility 
during 14 nights (25.0 %).  Although migratory bird mortality risk from collisions 
during low visibility events could be considered low to moderate at this site based 
on the occurrence of low visibility conditions during nighttime in the area (i.e. LEW 
and IZG airports), these airports are 32 and 49 miles from the Canton site, 
respectively, and at much lower elevations (288 and 459 ft compared to 1,542 ft at 
the proposed Canton site) and provide only an indication of low visibility occurrence 
at the area; climatic conditions at the project site may be different.   


When considering other weather data, winds were mostly westerly during both the 
spring and fall 2018 seasons (Figs. 4-14 and 5-14).  Target passage rates during 
spring 2018 averaged greatest during nights when target movements were toward 
the northeast and north, and when there were south and southwest tailwinds 
(Tables 4-6 and 4-7).  Target movements were also most concentrated on nights 
with northeast target movements and wind directions from the south (Tables 4-6 
and 4-7).  Target passage rates during fall 2018 averaged greatest during nights 
when target movements were toward the southwest, and when there were north, 
northeast, and east tailwinds (Tables 5-6 and 5-7).  Target movements were also 
most concentrated on nights with southwest target movements and wind directions 
from the northwest, north, and east (Tables 4-6 and 4-7).   
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Appendix A - Glossary 
 


1-km Front – 0.5 km on either side of the VSR, or 1 km on one side of the VSR, 
forming a 1-km front through which target passage rates are quantified.   


 
Comprehensive distribution – Frequency distribution of all mean target bearings 


combined during a season, regardless of date. 
 
Comprehensive mean – Mean of all targets in a time period during an entire 


season, regardless of the date.   
 
Grand mean – Mean of all period means (e.g. all nights). 
 
Plot – A single scan of a target. 
 
Rotor Swept Zone (RSZ) – The 1-km wide band within the 1-km front that 


encompasses the lowest and highest points swept by a wind turbine’s 
blades.  Specific to each project and calculated using the manufacturer’s 
specifications for the wind turbine proposed for the project. 


 
Target - Object detected by MERLIN Radar and identified by MERLIN software as a 


biological object (e.g. bird, bat) based on scanned size, speed, and other 
characteristics. 


 
Target Passage Rate – Number of targets passing through a 1-km wide front during 


1 hour.  Standardized to an hourly rate using the proportion of minutes radar 
data was recorded during a given time period.    


 
Track – The entire sequence of plots that make up a target’s trail within the radar 


coverage as long as an object still fits the definition of a target. 
 
Tracking – The MERLIN software begins to track a target after it has met the criteria 


of a biological target for three of four scans.  The target continues to be 
tracked until either the target fails to be detected or to meet the criteria for 
three of the last four scans.   


 
TrackPlot – MERLIN program displaying all target or track activity within a specific 


time period; used for defining time periods of radar data containing rain or 
other interference. 
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Appendix B - Abbreviations 
 


AGL – Above Ground Level 


HSR – Horizontal Surveillance Radar 


km – kilometer 


m – meter  


mi – mile 


nm – Nautical miles (approximately 1.15 miles) 


RSZ – Rotor Swept Zone 


TPR – Target Passage Rate 


VSR – Vertical Scanning Radar 
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Appendix C – VSR Radar Data by Biological Period, 


Target Counts, Passage Rates, Mean & Median Heights 
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4/14/18 4:29 4/14/18 5:29 60 15 45 75 0 1 2 3 0 1.3 2.7 4 33.3% 187.96 224.33
4/15/18 4:27 4/15/18 5:27 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
4/16/18 4:26 4/16/18 5:26 60 3 57 95 0 0 6 6 0 0 6.3 6.3 0.0% 344.27 307.24
4/17/18 4:24 4/17/18 5:24 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 947.32 947.32
4/18/18 4:22 4/18/18 5:22 60 0 60 100 0 8 21 29 0 8 21 29 27.6% 209.3 182.88
4/19/18 4:20 4/19/18 5:20 60 0 60 100 2 10 25 37 2 10 25 37 27.0% 159.18 175.87
4/20/18 4:19 4/20/18 5:19 60 0 60 100 0 2 3 5 0 2 3 5 40.0% 145.76 140.82
4/21/18 4:17 4/21/18 5:17 60 0 60 100 1 1 8 10 1 1 8 10 10.0% 513.86 372.01
4/22/18 4:16 4/22/18 5:16 60 0 60 100 10 87 109 206 10 87 109 206 42.2% 187.1 149.66
4/23/18 4:14 4/23/18 5:14 60 0 60 100 5 40 98 143 5 40 98 143 28.0% 298.5 199.64
4/24/18 4:12 4/24/18 5:12 60 0 60 100 18 191 1528 1737 18 191 1528 1737 11.0% 393.39 374.29
4/25/18 4:11 4/25/18 5:11 60 0 60 100 4 18 151 173 4 18 151 173 10.4% 332.9 285.6
4/26/18 4:09 4/26/18 5:09 60 10 50 83 1 1 12 14 1.2 1.2 14.4 16.8 7.1% 212.55 192.33
4/27/18 4:08 4/27/18 5:08 60 0 60 100 1 7 10 18 1 7 10 18 38.9% 284.48 192.79
4/28/18 4:06 4/28/18 5:06 60 0 60 100 0 10 2 12 0 10 2 12 83.3% 127.71 106.83
4/29/18 4:05 4/29/18 5:05 60 0 60 100 0 60 129 189 0 60 129 189 31.7% 400.61 286.21
4/30/18 4:03 4/30/18 5:03 60 11 49 82 1 16 10 27 1.2 19.6 12.2 33.1 59.3% 321.52 108.51


5/1/18 4:02 5/1/18 5:02 60 0 60 100 0 16 9 25 0 16 9 25 64.0% 161.2 110.64
5/2/18 4:00 5/2/18 5:00 60 0 60 100 3 7 49 59 3 7 49 59 11.9% 268.07 224.03
5/3/18 3:59 5/3/18 4:59 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/4/18 3:57 5/4/18 4:57 60 0 60 100 3 22 53 78 3 22 53 78 28.2% 220.88 180.9
5/5/18 3:56 5/5/18 4:56 60 0 60 100 0 1 14 15 0 1 14 15 6.7% 568.57 240.79
5/6/18 3:54 5/6/18 4:54 60 0 60 100 1 4 136 141 1 4 136 141 2.8% 414.95 347.47
5/7/18 3:53 5/7/18 4:53 60 0 60 100 0 25 23 48 0 25 23 48 52.1% 346.3 118.41
5/8/18 3:52 5/8/18 4:52 60 0 60 100 2 10 93 105 2 10 93 105 9.5% 437.41 423.67
5/9/18 3:51 5/9/18 4:51 60 0 60 100 4 28 224 256 4 28 224 256 10.9% 375.53 320.04
5/10/18 3:49 5/10/18 4:49 60 0 60 100 1 27 64 92 1 27 64 92 29.3% 292.3 222.66
5/11/18 3:48 5/11/18 4:48 60 0 60 100 1 0 7 8 1 0 7 8 0.0% 720.2 893.67
5/12/18 3:47 5/12/18 4:47 60 0 60 100 1 2 34 37 1 2 34 37 5.4% 463.31 240.18
5/13/18 3:46 5/13/18 4:46 60 0 60 100 0 23 19 42 0 23 19 42 54.8% 266.87 110.34
5/14/18 3:45 5/14/18 4:45 60 0 60 100 0 0 40 40 0 0 40 40 0.0% 441.26 369.72
5/15/18 3:43 5/15/18 4:43 60 0 60 100 2 27 491 520 2 27 491 520 5.2% 506.67 505.36
5/16/18 3:42 5/16/18 4:42 60 0 60 100 1 5 11 17 1 5 11 17 29.4% 438.39 387.1
5/17/18 3:41 5/17/18 4:41 60 0 60 100 0 2 30 32 0 2 30 32 6.3% 334.35 225.09
5/18/18 3:40 5/18/18 4:40 60 0 60 100 0 22 12 34 0 22 12 34 64.7% 260.07 107.59
5/19/18 3:39 5/19/18 4:39 60 0 60 100 0 0 21 21 0 0 21 21 0.0% 543.07 491.95
5/20/18 3:38 5/20/18 4:38 60 30 30 50 0 0 4 4 0 0 8 8 0.0% 571.88 430.23
5/21/18 3:37 5/21/18 4:37 60 0 60 100 0 0 5 5 0 0 5 5 0.0% 879.47 898.55
5/22/18 3:36 5/22/18 4:36 60 0 60 100 1 21 172 194 1 21 172 194 10.8% 400.16 407.06
5/23/18 3:35 5/23/18 4:35 60 0 60 100 0 3 16 19 0 3 16 19 15.8% 402.75 241.4
5/24/18 3:35 5/24/18 4:35 60 0 60 100 1 11 104 116 1 11 104 116 9.5% 372.42 370.18
5/25/18 3:34 5/25/18 4:34 60 0 60 100 1 2 12 15 1 2 12 15 13.3% 384.13 264.26
5/26/18 3:33 5/26/18 4:33 60 0 60 100 0 17 72 89 0 17 72 89 19.1% 259.72 182.88
5/27/18 3:32 5/27/18 4:32 60 0 60 100 0 10 36 46 0 10 36 46 21.7% 240.65 220.37
5/28/18 3:32 5/28/18 4:32 60 0 60 100 0 20 17 37 0 20 17 37 54.1% 188.42 112.78
5/29/18 3:31 5/29/18 4:31 60 0 60 100 0 0 10 10 0 0 10 10 0.0% 725.82 785.93
5/30/18 3:30 5/30/18 4:30 60 0 60 100 0 1 20 21 0 1 20 21 4.8% 599.4 509.32
5/31/18 3:30 5/31/18 4:30 60 0 60 100 3 4 41 48 3 4 41 48 8.3% 537.57 380.09  
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4/14/18 5:29 4/14/18 17:54 328 40 288 39 1 5 9 15 0.2 1 1.9 3.1 33.3% 560.53 277.37
4/15/18 5:27 4/15/18 17:55 748 122 626 84 2 1 11 14 0.2 0.1 1.1 1.3 7.1% 524.47 415.14
4/16/18 5:26 4/16/18 17:56 750 327 423 56 0 0 17 17 0 0 2.4 2.4 0.0% 955.39 1061.9
4/17/18 5:24 4/17/18 17:58 754 285 469 62 0 5 45 50 0 0.6 5.8 6.4 10.0% 529.32 526.69
4/18/18 5:22 4/18/18 17:59 757 30 727 96 12 8 38 58 1 0.7 3.1 4.8 13.8% 388.8 280.72
4/19/18 5:20 4/19/18 18:00 760 46 714 94 9 14 46 69 0.8 1.2 3.9 5.8 20.3% 445.56 240.79
4/20/18 5:19 4/20/18 18:01 762 0 762 100 11 19 53 83 0.9 1.5 4.2 6.5 22.9% 310.8 207.87
4/21/18 5:17 4/21/18 18:03 766 0 766 100 2 3 36 41 0.2 0.2 2.8 3.2 7.3% 717.86 859.23
4/22/18 5:16 4/22/18 18:04 768 0 768 100 7 11 73 91 0.5 0.9 5.7 7.1 12.1% 523.23 388.01
4/23/18 5:14 4/23/18 18:05 771 0 771 100 22 109 709 840 1.7 8.5 55.2 65.4 13.0% 301.76 233.78
4/24/18 5:12 4/24/18 18:06 772 0 772 100 27 296 4310 4633 2.1 23 335 360.1 6.4% 341.6 313.94
4/25/18 5:11 4/25/18 18:07 776 188 588 76 12 26 153 191 1.2 2.7 15.6 19.5 13.6% 406.78 319.43
4/26/18 5:09 4/26/18 18:09 780 365 415 53 4 2 59 65 0.6 0.3 8.5 9.4 3.1% 461.91 281.03
4/27/18 5:08 4/27/18 18:10 782 146 636 81 14 128 868 1010 1.3 12.1 81.9 95.3 12.7% 309.95 277.22
4/28/18 5:06 4/28/18 18:11 785 0 785 100 12 161 1331 1504 0.9 12.3 101.7 115 10.7% 321.92 286.82
4/29/18 5:05 4/29/18 18:12 787 225 562 71 27 90 154 271 2.9 9.6 16.4 28.9 33.2% 301.13 177.09
4/30/18 5:03 4/30/18 18:14 791 75 716 91 37 113 115 265 3.1 9.5 9.6 22.2 42.6% 254.14 112.17


5/1/18 5:02 5/1/18 18:15 793 30 763 96 21 91 586 698 1.7 7.2 46.1 54.9 13.0% 346.06 293.07
5/2/18 5:00 5/2/18 18:16 169 0 169 21 12 23 153 188 4.3 8.2 54.3 66.7 12.2% 296.06 262.59
5/3/18 4:59 5/3/18 18:17 585 150 435 55 40 172 1428 1640 5.5 23.7 197 226.2 10.5% 286.59 270.97
5/4/18 4:57 5/4/18 18:18 801 30 771 96 34 430 1548 2012 2.6 33.5 120.5 156.6 21.4% 265.15 230.58
5/5/18 4:56 5/5/18 18:20 804 0 804 100 39 279 2717 3035 2.9 20.8 202.8 226.5 9.2% 296.85 278.59
5/6/18 4:54 5/6/18 18:21 807 150 657 81 5 55 389 449 0.5 5 35.5 41 12.2% 377.12 271.27
5/7/18 4:53 5/7/18 18:22 809 0 809 100 51 312 2369 2732 3.8 23.1 175.7 202.6 11.4% 294.07 261.82
5/8/18 4:52 5/8/18 18:23 811 0 811 100 36 546 2963 3545 2.7 40.4 219.2 262.3 15.4% 264.2 225.25
5/9/18 4:51 5/9/18 18:24 813 0 813 100 59 703 4617 5379 4.4 51.9 340.7 397 13.1% 266.15 234.09


5/10/18 4:49 5/10/18 18:26 817 0 817 100 16 260 783 1059 1.2 19.1 57.5 77.8 24.6% 297.75 204.22
5/11/18 4:48 5/11/18 18:27 819 0 819 100 7 10 221 238 0.5 0.7 16.2 17.4 4.2% 607.37 553.97
5/12/18 4:47 5/12/18 18:28 821 0 821 100 15 109 798 922 1.1 8 58.3 67.4 11.8% 332.73 227.84
5/13/18 4:46 5/13/18 18:29 823 0 823 100 25 495 1947 2467 1.8 36.1 141.9 179.9 20.1% 249.77 199.03
5/14/18 4:45 5/14/18 18:30 825 0 825 100 21 345 1791 2157 1.5 25.1 130.3 156.9 16.0% 248.54 201.17
5/15/18 4:43 5/15/18 18:31 828 150 678 82 5 73 848 926 0.4 6.5 75 81.9 7.9% 391.89 330.71
5/16/18 4:42 5/16/18 18:32 830 0 830 100 19 347 1311 1677 1.4 25.1 94.8 121.2 20.7% 210.4 181.36
5/17/18 4:41 5/17/18 18:34 833 0 833 100 19 212 1440 1671 1.4 15.3 103.7 120.4 12.7% 241.21 211.23
5/18/18 4:40 5/18/18 18:35 835 0 835 100 32 404 1671 2107 2.3 29 120.1 151.4 19.2% 213.84 188.98
5/19/18 4:39 5/19/18 18:36 837 67 770 92 5 397 1194 1596 0.4 30.9 93 124.4 24.9% 207.97 178.92
5/20/18 4:38 5/20/18 18:37 839 6 833 99 7 103 804 914 0.5 7.4 57.9 65.8 11.3% 241.61 199.49
5/21/18 4:37 5/21/18 18:38 841 0 841 100 9 234 1871 2114 0.6 16.7 133.5 150.8 11.1% 236.08 209.4
5/22/18 4:36 5/22/18 18:39 843 145 698 83 15 499 2170 2684 1.3 42.9 186.5 230.7 18.6% 236.27 200.56
5/23/18 4:35 5/23/18 18:40 845 15 830 98 11 344 1881 2236 0.8 24.9 136 161.6 15.4% 215.66 191.11
5/24/18 4:35 5/24/18 18:41 846 0 846 100 19 456 1614 2089 1.3 32.3 114.5 148.2 21.8% 212.38 182.27
5/25/18 4:34 5/25/18 18:42 848 0 848 100 15 465 2232 2712 1.1 32.9 157.9 191.9 17.1% 225.28 203
5/26/18 4:33 5/26/18 18:43 850 120 730 86 8 268 1741 2017 0.7 22 143.1 165.8 13.3% 251.07 222.5
5/27/18 4:32 5/27/18 18:44 852 0 852 100 25 266 1072 1363 1.8 18.7 75.5 96 19.5% 241.4 207.57
5/28/18 4:32 5/28/18 18:45 853 0 853 100 9 297 894 1200 0.6 20.9 62.9 84.4 24.8% 224.39 174.5
5/29/18 4:31 5/29/18 18:46 855 0 855 100 14 867 3934 4815 1 60.8 276.1 337.9 18.0% 232.27 205.74
5/30/18 4:30 5/30/18 18:47 857 0 857 100 38 1146 5029 6213 2.7 80.2 352.1 435 18.4% 235.46 207.26
5/31/18 4:30 5/31/18 18:47 857 0 857 100 38 1306 5393 6737 2.7 91.4 377.6 471.7 19.4% 241.06 207.57  
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4/14/18 17:54 4/14/18 18:54 60 0 60 100 0 0 3 3 0 0 3 3 0.0% 657.35 623.32
4/15/18 17:55 4/15/18 18:55 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 942.44 942.44
4/16/18 17:56 4/16/18 18:56 60 33 27 45 0 0 1 1 0 0 2.2 2.2 0.0% 229.21 229.21
4/17/18 17:58 4/17/18 18:58 60 0 60 100 0 1 0 1 0 1 0 1 100.0% 62.484 62.484
4/18/18 17:59 4/18/18 18:59 60 0 60 100 0 0 1 1 0 0 1 1 0.0% 1106.7 1106.7
4/19/18 18:00 4/19/18 19:00 60 29 31 52 0 2 13 15 0 3.9 25.2 29 13.3% 447.45 392.28
4/20/18 18:01 4/20/18 19:01 60 0 60 100 0 1 3 4 0 1 3 4 25.0% 469.01 355.7
4/21/18 18:03 4/21/18 19:03 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 1117.2 1117.2
4/22/18 18:04 4/22/18 19:04 60 0 60 100 0 0 6 6 0 0 6 6 0.0% 1128.7 1115.4
4/23/18 18:05 4/23/18 19:05 60 0 60 100 1 5 97 103 1 5 97 103 4.9% 275.51 259.08
4/24/18 18:06 4/24/18 19:06 60 0 60 100 1 29 317 347 1 29 317 347 8.4% 413.15 415.44
4/25/18 18:07 4/25/18 19:07 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
4/26/18 18:09 4/26/18 19:09 60 15 45 75 0 0 5 5 0 0 6.7 6.7 0.0% 1024.3 1060.7
4/27/18 18:10 4/27/18 19:10 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
4/28/18 18:11 4/28/18 19:11 60 0 60 100 0 1 298 299 0 1 298 299 0.3% 404.67 400.2
4/29/18 18:12 4/29/18 19:12 60 28 32 53 0 0 3 3 0 0 5.6 5.6 0.0% 883.51 825.4
4/30/18 18:14 4/30/18 19:14 60 0 60 100 1 14 7 22 1 14 7 22 63.6% 165.55 110.34


5/1/18 18:15 5/1/18 19:15 60 0 60 100 0 6 10 16 0 6 10 16 37.5% 472.19 357.23
5/2/18 18:16 5/2/18 19:16 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/3/18 18:17 5/3/18 19:17 60 0 60 100 0 28 27 55 0 28 27 55 50.9% 245.53 131.06
5/4/18 18:18 5/4/18 19:18 60 49 11 18 0 5 9 14 0 27.3 49.1 76.4 35.7% 239.64 155.45
5/5/18 18:20 5/5/18 19:20 60 0 60 100 4 10 93 107 4 10 93 107 9.3% 297.33 252.07
5/6/18 18:21 5/6/18 19:21 60 0 60 100 0 9 30 39 0 9 30 39 23.1% 445.67 228.3
5/7/18 18:22 5/7/18 19:22 60 0 60 100 0 13 25 38 0 13 25 38 34.2% 273.93 165.05
5/8/18 18:23 5/8/18 19:23 60 0 60 100 0 26 163 189 0 26 163 189 13.8% 294.46 252.37
5/9/18 18:24 5/9/18 19:24 60 0 60 100 0 20 43 63 0 20 43 63 31.7% 316.45 287.43


5/10/18 18:26 5/10/18 19:26 60 0 60 100 1 2 12 15 1 2 12 15 13.3% 313.6 179.83
5/11/18 18:27 5/11/18 19:27 60 0 60 100 0 4 12 16 0 4 12 16 25.0% 762.63 963.17
5/12/18 18:28 5/12/18 19:28 60 0 60 100 0 3 17 20 0 3 17 20 15.0% 435.67 170.99
5/13/18 18:29 5/13/18 19:29 60 0 60 100 1 24 12 37 1 24 12 37 64.9% 317.92 106.68
5/14/18 18:30 5/14/18 19:30 60 0 60 100 2 9 95 106 2 9 95 106 8.5% 273.64 264.11
5/15/18 18:31 5/15/18 19:31 60 0 60 100 2 2 1 5 2 2 1 5 40.0% 244.57 98.45
5/16/18 18:32 5/16/18 19:32 60 0 60 100 0 18 7 25 0 18 7 25 72.0% 292.45 105.77
5/17/18 18:34 5/17/18 19:34 60 0 60 100 0 4 10 14 0 4 10 14 28.6% 595.3 575.31
5/18/18 18:35 5/18/18 19:35 60 0 60 100 1 18 5 24 1 18 5 24 75.0% 217.11 104.39
5/19/18 18:36 5/19/18 19:36 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/20/18 18:37 5/20/18 19:37 60 0 60 100 0 0 6 6 0 0 6 6 0.0% 632.61 593.6
5/21/18 18:38 5/21/18 19:38 60 0 60 100 3 8 31 42 3 8 31 42 19.0% 223.09 179.22
5/22/18 18:39 5/22/18 19:39 60 50 10 17 0 0 0 0 0 0 0 0 no data no data no data
5/23/18 18:40 5/23/18 19:40 60 0 60 100 0 38 10 48 0 38 10 48 79.2% 175.6 106.98
5/24/18 18:41 5/24/18 19:41 60 0 60 100 1 2 17 20 1 2 17 20 10.0% 322.8 226.62
5/25/18 18:42 5/25/18 19:42 60 0 60 100 1 46 182 229 1 46 182 229 20.1% 221 203.91
5/26/18 18:43 5/26/18 19:43 60 0 60 100 0 24 236 260 0 24 236 260 9.2% 243.71 221.74
5/27/18 18:44 5/27/18 19:44 60 0 60 100 1 35 15 51 1 35 15 51 68.6% 214.26 108.81
5/28/18 18:45 5/28/18 19:45 60 0 60 100 1 29 25 55 1 29 25 55 52.7% 245.49 122.53
5/29/18 18:46 5/29/18 19:46 60 0 60 100 1 140 547 688 1 140 547 688 20.3% 208.73 199.03
5/30/18 18:47 5/30/18 19:47 60 0 60 100 1 26 59 86 1 26 59 86 30.2% 359.49 279.5
5/31/18 18:47 5/31/18 19:47 60 0 60 100 1 63 188 252 1 63 188 252 25.0% 310.44 304.65  
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4/14/18 18:54 4/15/18 4:27 573 43 530 93 0 52 41 93 0 5.9 4.6 10.5 55.9% 234.27 125.58
4/15/18 18:55 4/16/18 4:26 571 132 439 77 0 14 34 48 0 1.9 4.6 6.6 29.2% 440.11 228.75
4/16/18 18:56 4/17/18 4:24 567 359 208 37 0 0 0 0 0 0 0 0 no data no data no data
4/17/18 18:58 4/18/18 4:22 564 0 564 100 16 82 145 243 1.7 8.7 15.4 25.9 33.7% 228.55 162.46
4/18/18 18:59 4/19/18 4:20 561 0 561 100 84 446 1389 1919 9 47.7 148.6 205.2 23.2% 223.76 196.9
4/19/18 19:00 4/20/18 4:19 559 0 559 100 17 74 114 205 1.8 7.9 12.2 22 36.1% 286.93 160.93
4/20/18 19:01 4/21/18 4:17 556 0 556 100 20 56 129 205 2.2 6 13.9 22.1 27.3% 282.73 172.21
4/21/18 19:03 4/22/18 4:16 553 0 553 100 226 1227 2704 4157 24.5 133.1 293.4 451 29.5% 203.74 181.05
4/22/18 19:04 4/23/18 4:14 550 0 550 100 134 405 1029 1568 14.6 44.2 112.3 171.1 25.8% 351.04 206.96
4/23/18 19:05 4/24/18 4:12 547 0 547 100 145 1149 16580 17874 15.9 126 1818.6 1960.6 6.4% 443.5 382.83
4/24/18 19:06 4/25/18 4:11 543 0 543 100 63 420 6197 6680 7 46.4 684.8 738.1 6.3% 447.25 414.68
4/25/18 19:07 4/26/18 4:09 542 442 100 19 0 7 7 14 0 4.2 4.2 8.4 50.0% 336.28 128.47
4/26/18 19:09 4/27/18 4:08 538 0 538 100 29 127 665 821 3.2 14.2 74.2 91.6 15.5% 291.67 245.06
4/27/18 19:10 4/28/18 4:06 536 94 442 83 3 48 65 116 0.4 6.5 8.8 15.7 41.4% 359.46 193.24
4/28/18 19:11 4/29/18 4:05 534 0 534 100 23 442 5321 5786 2.6 49.7 597.9 650.1 7.6% 470.09 416.97
4/29/18 19:12 4/30/18 4:03 531 66 465 88 5 223 220 448 0.6 28.8 28.4 57.8 49.8% 325.5 128.47
4/30/18 19:14 5/1/18 4:02 528 0 528 100 5 256 469 730 0.6 29.1 53.3 83 35.1% 307.1 185.32


5/1/18 19:15 5/2/18 4:00 525 45 480 91 53 497 2642 3192 6.6 62.1 330.3 399 15.6% 253.81 213.97
5/2/18 19:16 5/3/18 3:59 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5/3/18 19:17 5/4/18 3:57 520 15 505 97 168 913 2024 3105 20 108.5 240.5 368.9 29.4% 235.67 185.93
5/4/18 19:18 5/5/18 3:56 517 101 416 80 142 965 6904 8011 20.5 139.2 995.8 1155.4 12.0% 344.17 319.74
5/5/18 19:20 5/6/18 3:54 514 0 514 100 123 1037 10954 12114 14.4 121.1 1278.7 1414.1 8.6% 347.72 295.35
5/6/18 19:21 5/7/18 3:53 512 30 482 94 31 371 1842 2244 3.9 46.2 229.3 279.3 16.5% 346.84 299.62
5/7/18 19:22 5/8/18 3:52 510 0 510 100 41 645 3183 3869 4.8 75.9 374.5 455.2 16.7% 410.13 341.38
5/8/18 19:23 5/9/18 3:51 508 0 508 100 52 740 3901 4693 6.1 87.4 460.7 554.3 15.8% 327.71 277.67
5/9/18 19:24 5/10/18 3:49 505 0 505 100 18 944 4099 5061 2.1 112.2 487 601.3 18.7% 294.45 241.71


5/10/18 19:26 5/11/18 3:48 502 0 502 100 51 427 2971 3449 6.1 51 355.1 412.2 12.4% 390.16 332.23
5/11/18 19:27 5/12/18 3:47 500 0 500 100 43 236 426 705 5.2 28.3 51.1 84.6 33.5% 274.5 174.96
5/12/18 19:28 5/13/18 3:46 498 0 498 100 73 605 934 1612 8.8 72.9 112.5 194.2 37.5% 234.15 159.87
5/13/18 19:29 5/14/18 3:45 496 0 496 100 10 210 4358 4578 1.2 25.4 527.2 553.8 4.6% 373.31 355.09
5/14/18 19:30 5/15/18 3:43 493 0 493 100 52 414 3910 4376 6.3 50.4 475.9 532.6 9.5% 425.41 383.74
5/15/18 19:31 5/16/18 3:42 491 0 491 100 157 680 1377 2214 19.2 83.1 168.3 270.5 30.7% 286.08 190.96
5/16/18 19:32 5/17/18 3:41 489 0 489 100 28 497 7491 8016 3.4 61 919.1 983.6 6.2% 382.22 345.95
5/17/18 19:34 5/18/18 3:40 486 0 486 100 42 375 835 1252 5.2 46.3 103.1 154.6 30.0% 313.87 228.6
5/18/18 19:35 5/19/18 3:39 484 0 484 100 26 572 5396 5994 3.2 70.9 668.9 743.1 9.5% 297.04 244.75
5/19/18 19:36 5/20/18 3:38 482 77 405 84 5 46 249 300 0.7 6.8 36.9 44.4 15.3% 381.6 358.14
5/20/18 19:37 5/21/18 3:37 480 0 480 100 161 813 860 1834 20.1 101.6 107.5 229.3 44.3% 179.14 128.63
5/21/18 19:38 5/22/18 3:36 478 0 478 100 409 2457 3308 6174 51.3 308.4 415.2 775 39.8% 189.77 146.91
5/22/18 19:39 5/23/18 3:35 475 15 460 97 132 1457 8830 10419 17.2 190 1151.7 1359 14.0% 366.91 308.76
5/23/18 19:40 5/24/18 3:35 475 0 475 100 93 993 6878 7964 11.7 125.4 868.8 1006 12.5% 450.2 341.99
5/24/18 19:41 5/25/18 3:34 473 0 473 100 141 1603 9025 10769 17.9 203.3 1144.8 1366 14.9% 275.22 252.07
5/25/18 19:42 5/26/18 3:33 471 30 441 94 373 2089 4195 6657 50.7 284.2 570.7 905.7 31.4% 199.33 175.56
5/26/18 19:43 5/27/18 3:32 469 0 469 100 69 592 3973 4634 8.8 75.7 508.3 592.8 12.8% 346.08 320.34
5/27/18 19:44 5/28/18 3:32 468 0 468 100 6 428 3039 3473 0.8 54.9 389.6 445.3 12.3% 415.31 379.48
5/28/18 19:45 5/29/18 3:31 466 0 466 100 20 434 2315 2769 2.6 55.9 298.1 356.5 15.7% 287 244.14
5/29/18 19:46 5/30/18 3:30 464 0 464 100 36 418 2331 2785 4.7 54.1 301.4 360.1 15.0% 413.15 317.6
5/30/18 19:47 5/31/18 3:30 463 0 463 100 11 278 3341 3630 1.4 36 433 470.4 7.7% 389.16 339.24
5/31/18 19:47 6/1/18 3:29 252 0 252 55 9 272 1718 1999 2.1 64.8 409 476 13.6% 322.96 283.16  
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2018
8


30 no data no data no datno dat 0 0 no data no data no data no data no data no data no data no data no data no data no data
31 8/31/18 4:32 8/31/18 5:32 60 0 60 100 1 34 121 156 1 34 121 156 21.8% 348.57 324.46


9
1 9/1/18 4:33 9/1/18 5:33 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
2 9/2/18 4:34 9/2/18 5:34 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
3 9/3/18 4:35 9/3/18 5:35 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
4 9/4/18 4:36 9/4/18 5:36 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5 9/5/18 4:38 9/5/18 5:38 60 0 60 100 1 16 75 92 1 16 75 92 17.4% 302.93 256.18
6 9/6/18 4:39 9/6/18 5:39 60 0 60 100 0 1 20 21 0 1 20 21 4.8% 585.52 479.45
7 9/7/18 4:40 9/7/18 5:40 60 0 60 100 2 10 81 93 2 10 81 93 10.8% 500.83 495.91
8 9/8/18 4:41 9/8/18 5:41 60 30 30 50 0 4 21 25 0 8 42 50 16.0% 508.77 553.82
9 9/9/18 4:42 9/9/18 5:42 60 0 60 100 0 10 22 32 0 10 22 32 31.3% 447.83 487.98
10 9/10/18 4:43 9/10/18 5:43 60 0 60 100 1 6 22 29 1 6 22 29 20.7% 466.12 478.54
11 9/11/18 4:45 9/11/18 5:45 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
12 9/12/18 4:46 9/12/18 5:46 60 0 60 100 0 4 18 22 0 4 18 22 18.2% 428.63 346.41
13 9/13/18 4:47 9/13/18 5:47 60 0 60 100 5 3 55 63 5 3 55 63 4.8% 554.71 554.13
14 9/14/18 4:48 9/14/18 5:48 60 0 60 100 3 20 84 107 3 20 84 107 18.7% 417.54 359.05
15 9/15/18 4:49 9/15/18 5:49 60 0 60 100 1 2 50 53 1 2 50 53 3.8% 411.13 411.48
16 9/16/18 4:50 9/16/18 5:50 60 0 60 100 2 17 104 123 2 17 104 123 13.8% 401.49 343.81
17 9/17/18 4:52 9/17/18 5:52 60 0 60 100 1 0 14 15 1 0 14 15 0.0% 464.98 397.15
18 9/18/18 4:53 9/18/18 5:53 60 0 60 100 2 4 27 33 2 4 27 33 12.1% 432.32 291.39
19 9/19/18 4:54 9/19/18 5:54 60 0 60 100 0 0 10 10 0 0 10 10 0.0% 727.53 673.15
20 9/20/18 4:55 9/20/18 5:55 60 0 60 100 0 0 17 17 0 0 17 17 0.0% 829.76 882.4
21 9/21/18 4:56 9/21/18 5:56 60 0 60 100 1 5 6 12 1 5 6 12 41.7% 499.92 125.58
22 9/22/18 4:57 9/22/18 5:57 60 0 60 100 1 0 5 6 1 0 5 6 0.0% 900.07 1047.4
23 9/23/18 4:59 9/23/18 5:59 60 0 60 100 0 1 29 30 0 1 29 30 3.3% 610.08 466.65
24 9/24/18 5:00 9/24/18 6:00 60 0 60 100 1 4 42 47 1 4 42 47 8.5% 465.99 409.35
25 9/25/18 5:01 9/25/18 6:01 60 0 60 100 1 9 17 27 1 9 17 27 33.3% 359.21 167.94
26 9/26/18 5:02 9/26/18 6:02 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 905.87 1009.2
27 9/27/18 5:03 9/27/18 6:03 60 0 60 100 0 2 20 22 0 2 20 22 9.1% 509.81 395.48
28 9/28/18 5:05 9/28/18 6:05 60 54 6 10 0 0 0 0 0 0 0 0 no data no data no data
29 9/29/18 5:06 9/29/18 6:06 60 0 60 100 1 0 2 3 1 0 2 3 0.0% 681.02 833.32
30 9/30/18 5:07 9/30/18 6:07 60 0 60 100 0 0 15 15 0 0 15 15 0.0% 527.85 419.1


10
1 10/1/18 5:08 10/1/18 6:08 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
2 10/2/18 5:09 10/2/18 6:09 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
3 10/3/18 5:11 10/3/18 6:11 60 0 60 100 2 2 10 14 2 2 10 14 14.3% 293.3 266.4
4 10/4/18 5:12 10/4/18 6:12 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
5 10/5/18 5:13 10/5/18 6:13 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
6 10/6/18 5:14 10/6/18 6:14 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
7 10/7/18 5:16 10/7/18 6:16 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
8 10/8/18 5:17 10/8/18 6:17 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9 10/9/18 5:18 10/9/18 6:18 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10 10/10/18 5:19 10/10/18 6:19 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
11 10/11/18 5:20 10/11/18 6:20 60 51 9 15 0 0 0 0 0 0 0 0 no data no data no data
12 10/12/18 5:22 10/12/18 6:22 60 0 60 100 0 0 1 1 0 0 1 1 0.0% 1098.8 1098.8
13 10/13/18 5:23 10/13/18 6:23 60 0 60 100 0 1 7 8 0 1 7 8 12.5% 795.6 1018.5
14 10/14/18 5:24 10/14/18 6:24 60 0 60 100 5 0 4 9 5 0 4 9 0.0% 343.2 32.309
15 10/15/18 5:26 10/15/18 6:26 60 0 60 100 1 3 11 15 1 3 11 15 20.0% 443.73 377.95
16 10/16/18 5:27 10/16/18 6:27 60 0 60 100 11 11 3 25 11 11 3 25 44.0% 107.01 34.442
17 10/17/18 5:28 10/17/18 6:28 60 59 1 1.7 0 0 0 0 0 0 0 0 no data no data no data
18 10/18/18 5:29 10/18/18 6:29 60 0 60 100 1 0 6 7 1 0 6 7 0.0% 738.88 869.29
19 10/19/18 5:31 10/19/18 6:31 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 758.49 758.49
20 10/20/18 5:32 10/20/18 6:32 60 15 45 75 0 1 3 4 0 1.3 4 5.3 25.0% 840.33 1021.8
21 10/21/18 5:33 10/21/18 6:33 60 0 60 100 0 0 3 3 0 0 3 3 0.0% 539.09 571.8
22 10/22/18 5:35 10/22/18 6:35 60 0 60 100 0 2 5 7 0 2 5 7 28.6% 657.76 882.4
23 10/23/18 5:36 10/23/18 6:36 60 30 30 50 0 2 1 3 0 4 2 6 66.7% 105.26 119.79
24 10/24/18 5:37 10/24/18 6:37 60 0 60 100 2 0 0 2 2 0 0 2 0.0% -3.658 -3.658  
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8/30/18 5:31 8/30/18 17:51 248 0 248 34 8 71 469 548 1.9 17.2 113.5 132.6 13.0% 339.45 289.56
8/31/18 5:32 8/31/18 17:50 549 0 549 74 44 505 2035 2584 4.8 55.2 222.4 282.4 19.5% 226.97 205.59


9/1/18 5:33 9/1/18 17:48 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/2/18 5:34 9/2/18 17:46 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/3/18 5:35 9/3/18 17:44 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/4/18 5:36 9/4/18 17:42 371 0 371 51 35 298 993 1326 5.7 48.2 160.6 214.4 22.5% 261.39 210.77
9/5/18 5:38 9/5/18 17:40 722 0 722 100 24 96 346 466 2 8 28.8 38.7 20.6% 329.4 267.61
9/6/18 5:39 9/6/18 17:39 720 75 645 90 19 87 351 457 1.8 8.1 32.7 42.5 19.0% 347.27 263.65
9/7/18 5:40 9/7/18 17:37 717 0 717 100 32 145 316 493 2.7 12.1 26.4 41.3 29.4% 286.32 192.02
9/8/18 5:41 9/8/18 17:35 714 0 714 100 24 137 476 637 2 11.5 40 53.5 21.5% 346.19 277.06
9/9/18 5:42 9/9/18 17:33 711 30 681 96 13 86 334 433 1.1 7.6 29.4 38.1 19.9% 389.68 315.16


9/10/18 5:43 9/10/18 17:31 708 0 708 100 26 85 198 309 2.2 7.2 16.8 26.2 27.5% 332.66 219.76
9/11/18 5:45 9/11/18 17:29 704 254 450 64 1 2 39 42 0.1 0.3 5.2 5.6 4.8% 861.48 997.92
9/12/18 5:46 9/12/18 17:27 701 0 701 100 13 110 323 446 1.1 9.4 27.6 38.2 24.7% 324.43 237.9
9/13/18 5:47 9/13/18 17:26 699 0 699 100 44 235 2102 2381 3.8 20.2 180.4 204.4 9.9% 371.4 352.04
9/14/18 5:48 9/14/18 17:24 696 45 651 94 36 126 427 589 3.3 11.6 39.4 54.3 21.4% 333.05 278.89
9/15/18 5:49 9/15/18 17:22 693 0 693 100 31 138 486 655 2.7 11.9 42.1 56.7 21.1% 315.98 280.72
9/16/18 5:50 9/16/18 17:20 690 30 660 96 72 319 837 1228 6.5 29 76.1 111.6 26.0% 307.94 257.4
9/17/18 5:52 9/17/18 17:18 686 60 626 91 14 53 158 225 1.3 5.1 15.1 21.6 23.6% 382.24 267.61
9/18/18 5:53 9/18/18 17:16 683 2 681 100 35 133 335 503 3.1 11.7 29.5 44.3 26.4% 353.31 264.26
9/19/18 5:54 9/19/18 17:14 680 0 680 100 10 183 283 476 0.9 16.1 25 42 38.4% 252.93 157.28
9/20/18 5:55 9/20/18 17:12 677 0 677 100 13 40 153 206 1.2 3.5 13.6 18.3 19.4% 451.05 294.89
9/21/18 5:56 9/21/18 17:11 675 165 510 76 1 37 49 87 0.1 4.4 5.8 10.2 42.5% 549.93 390.45
9/22/18 5:57 9/22/18 17:09 672 0 672 100 9 20 79 108 0.8 1.8 7.1 9.6 18.5% 495.53 326.59
9/23/18 5:59 9/23/18 17:07 668 0 668 100 6 19 114 139 0.5 1.7 10.2 12.5 13.7% 573.48 451.71
9/24/18 6:00 9/24/18 17:05 665 0 665 100 14 82 259 355 1.3 7.4 23.4 32 23.1% 355.81 233.78
9/25/18 6:01 9/25/18 17:03 662 259 403 61 4 12 31 47 0.6 1.8 4.6 7 25.5% 639.01 863.19
9/26/18 6:02 9/26/18 17:01 659 60 599 91 0 1 58 59 0 0.1 5.8 5.9 1.7% 964.84 1044.2
9/27/18 6:03 9/27/18 16:59 656 0 656 100 11 87 770 868 1 8 70.4 79.4 10.0% 359.13 331.17
9/28/18 6:05 9/28/18 16:57 652 30 622 95 7 42 122 171 0.7 4.1 11.8 16.5 24.6% 304.06 209.09
9/29/18 6:06 9/29/18 16:56 650 0 650 100 8 13 69 90 0.7 1.2 6.4 8.3 14.4% 585.14 557.48
9/30/18 6:07 9/30/18 16:54 647 0 647 100 2 8 82 92 0.2 0.7 7.6 8.5 8.7% 747.11 903.43


10/1/18 6:08 10/1/18 16:52 644 216 428 67 1 5 37 43 0.1 0.7 5.2 6 11.6% 801.5 1011.3
10/2/18 6:09 10/2/18 16:50 641 281 360 56 2 7 30 39 0.3 1.2 5 6.5 17.9% 553.52 512.67
10/3/18 6:11 10/3/18 16:48 637 0 637 100 20 16 79 115 1.9 1.5 7.4 10.8 13.9% 437.27 297.48
10/4/18 6:12 10/4/18 16:46 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/5/18 6:13 10/5/18 16:45 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/6/18 6:14 10/6/18 16:43 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/7/18 6:16 10/7/18 16:41 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/8/18 6:17 10/8/18 16:39 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/9/18 6:18 10/9/18 16:37 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/10/18 6:19 10/10/18 16:35 25 0 25 4.1 0 1 6 7 0 2.4 14.4 16.8 14.3% 468.78 409.96
10/11/18 6:20 10/11/18 16:34 614 294 320 52 0 2 14 16 0 0.4 2.6 3 12.5% 478.5 333.76
10/12/18 6:22 10/12/18 16:32 610 0 610 100 0 1 37 38 0 0.1 3.6 3.7 2.6% 853.79 909.98
10/13/18 6:23 10/13/18 16:30 607 120 487 80 0 1 27 28 0 0.1 3.3 3.4 3.6% 729.62 829.21
10/14/18 6:24 10/14/18 16:29 605 0 605 100 10 11 56 77 1 1.1 5.6 7.6 14.3% 559.64 542.54
10/15/18 6:26 10/15/18 16:27 601 120 481 80 6 19 34 59 0.7 2.4 4.2 7.4 32.2% 567.07 602.28
10/16/18 6:27 10/16/18 16:25 598 0 598 100 48 34 50 132 4.8 3.4 5 13.2 25.8% 343.25 59.741
10/17/18 6:28 10/17/18 16:23 595 136 459 77 5 12 36 53 0.7 1.6 4.7 6.9 22.6% 470.52 316.99
10/18/18 6:29 10/18/18 16:22 593 0 593 100 26 9 49 84 2.6 0.9 5 8.5 10.7% 518.36 474.57
10/19/18 6:31 10/19/18 16:20 589 0 589 100 8 12 36 56 0.8 1.2 3.7 5.7 21.4% 569.28 679.86
10/20/18 6:32 10/20/18 16:18 586 0 586 100 5 6 24 35 0.5 0.6 2.5 3.6 17.1% 653.74 824.18
10/21/18 6:33 10/21/18 16:17 584 0 584 100 4 4 26 34 0.4 0.4 2.7 3.5 11.8% 742.5 919.58
10/22/18 6:35 10/22/18 16:15 580 0 580 100 4 14 30 48 0.4 1.4 3.1 5 29.2% 540.56 192.79
10/23/18 6:36 10/23/18 16:14 578 278 300 52 10 20 20 50 2 4 4 10 40.0% 271.91 92.812
10/24/18 6:37 10/24/18 16:12 575 0 575 100 7 9 12 28 0.7 0.9 1.3 2.9 32.1% 330.75 115.82  
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8/30/18 17:51 8/30/18 18:51 60 0 60 100 0 1 29 30 0 1 29 30 3.3% 470.08 436.78
8/31/18 17:50 8/31/18 18:50 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data


9/1/18 17:48 9/1/18 18:48 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/2/18 17:46 9/2/18 18:46 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/3/18 17:44 9/3/18 18:44 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/4/18 17:42 9/4/18 18:42 60 0 60 100 0 15 40 55 0 15 40 55 27.3% 358.84 245.97
9/5/18 17:40 9/5/18 18:40 60 11 49 82 0 5 8 13 0 6.1 9.8 15.9 38.5% 653.14 873.56
9/6/18 17:39 9/6/18 18:39 60 0 60 100 0 5 41 46 0 5 41 46 10.9% 388.39 297.03
9/7/18 17:37 9/7/18 18:37 60 0 60 100 2 2 19 23 2 2 19 23 8.7% 447.25 405.38
9/8/18 17:35 9/8/18 18:35 60 0 60 100 0 7 18 25 0 7 18 25 28.0% 571.05 516.64
9/9/18 17:33 9/9/18 18:33 60 0 60 100 0 1 10 11 0 1 10 11 9.1% 767.13 934.21


9/10/18 17:31 9/10/18 18:31 60 17 43 72 0 0 1 1 0 0 1.4 1.4 0.0% 1133.6 1133.6
9/11/18 17:29 9/11/18 18:29 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 485.32 292.76
9/12/18 17:27 9/12/18 18:27 60 0 60 100 0 8 7 15 0 8 7 15 53.3% 274.83 128.32
9/13/18 17:26 9/13/18 18:26 60 0 60 100 0 1 19 20 0 1 19 20 5.0% 529.93 423.98
9/14/18 17:24 9/14/18 18:24 60 0 60 100 0 12 4 16 0 12 4 16 75.0% 297.05 91.44
9/15/18 17:22 9/15/18 18:22 60 0 60 100 0 2 16 18 0 2 16 18 11.1% 521.06 537.97
9/16/18 17:20 9/16/18 18:20 60 0 60 100 2 5 23 30 2 5 23 30 16.7% 564.36 636.73
9/17/18 17:18 9/17/18 18:18 60 0 60 100 0 1 4 5 0 1 4 5 20.0% 936.53 1184.8
9/18/18 17:16 9/18/18 18:16 60 28 32 53 0 3 12 15 0 5.6 22.5 28.1 20.0% 400.65 245.97
9/19/18 17:14 9/19/18 18:14 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 654.56 648.46
9/20/18 17:12 9/20/18 18:12 60 0 60 100 0 2 9 11 0 2 9 11 18.2% 223.72 172.52
9/21/18 17:11 9/21/18 18:11 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 893.98 989.08
9/22/18 17:09 9/22/18 18:09 60 0 60 100 0 0 3 3 0 0 3 3 0.0% 779.07 780.59
9/23/18 17:07 9/23/18 18:07 60 0 60 100 0 0 8 8 0 0 8 8 0.0% 964.5 942.29
9/24/18 17:05 9/24/18 18:05 60 0 60 100 0 0 8 8 0 0 8 8 0.0% 849.86 914.4
9/25/18 17:03 9/25/18 18:03 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/26/18 17:01 9/26/18 18:01 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 628.12 656.54
9/27/18 16:59 9/27/18 17:59 60 0 60 100 0 3 12 15 0 3 12 15 20.0% 555.69 334.98
9/28/18 16:57 9/28/18 17:57 60 0 60 100 0 5 8 13 0 5 8 13 38.5% 439.92 149.66
9/29/18 16:56 9/29/18 17:56 60 0 60 100 1 1 7 9 1 1 7 9 11.1% 654.64 892.15
9/30/18 16:54 9/30/18 17:54 60 0 60 100 0 3 4 7 0 3 4 7 42.9% 316.99 229.82


10/1/18 16:52 10/1/18 17:52 60 0 60 100 0 0 7 7 0 0 7 7 0.0% 627.23 630.63
10/2/18 16:50 10/2/18 17:50 60 60 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/3/18 16:48 10/3/18 17:48 60 0 60 100 3 7 5 15 3 7 5 15 46.7% 177.72 101.19
10/4/18 16:46 10/4/18 17:46 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/5/18 16:45 10/5/18 17:45 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/6/18 16:43 10/6/18 17:43 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/7/18 16:41 10/7/18 17:41 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/8/18 16:39 10/8/18 17:39 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/9/18 16:37 10/9/18 17:37 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/10/18 16:35 10/10/18 17:35 60 0 60 100 0 4 10 14 0 4 10 14 28.6% 404.67 314.1
10/11/18 16:34 10/11/18 17:34 60 0 60 100 0 0 0 0 0 0 0 0 no data no data no data
10/12/18 16:32 10/12/18 17:32 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 924.15 924.15
10/13/18 16:30 10/13/18 17:30 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 1074.3 1074.3
10/14/18 16:29 10/14/18 17:29 60 0 60 100 0 0 6 6 0 0 6 6 0.0% 1021.1 1060.1
10/15/18 16:27 10/15/18 17:27 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 1070.4 1078.1
10/16/18 16:25 10/16/18 17:25 60 0 60 100 0 0 3 3 0 0 3 3 0.0% 991.62 979.63
10/17/18 16:23 10/17/18 17:23 60 0 60 100 0 3 1 4 0 3 1 4 75.0% 283.85 96.926
10/18/18 16:22 10/18/18 17:22 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 1035.1 1075.6
10/19/18 16:20 10/19/18 17:20 60 0 60 100 0 0 0 0 0 0 0 0 no data no data no data
10/20/18 16:18 10/20/18 17:18 60 0 60 100 0 0 4 4 0 0 4 4 0.0% 978.79 1007.5
10/21/18 16:17 10/21/18 17:17 60 0 60 100 0 0 3 3 0 0 3 3 0.0% 1063 1035.7
10/22/18 16:15 10/22/18 17:15 60 0 60 100 0 1 7 8 0 1 7 8 12.5% 765.66 899.31
10/23/18 16:14 10/23/18 17:14 60 0 60 100 0 0 2 2 0 0 2 2 0.0% 1163.7 1163.7
10/24/18 16:12 10/24/18 17:12 60 0 60 100 0 2 14 16 0 2 14 16 12.5% 360.85 293.37  
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8/30/18 18:51 8/31/18 4:32 581 0 581 100 91 1493 19747 21331 9.4 154.2 2039.3 2202.9 7.0% 422.56 395.94
8/31/18 18:50 9/1/18 4:33 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data


9/1/18 18:48 9/2/18 4:34 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/2/18 18:46 9/3/18 4:35 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/3/18 18:44 9/4/18 4:36 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
9/4/18 18:42 9/5/18 4:38 596 75 521 87 614 3343 9455 13412 70.7 385 1088.9 1544.6 24.9% 251.35 211.84
9/5/18 18:40 9/6/18 4:39 598 19 579 97 67 224 558 849 6.9 23.2 57.8 88 26.4% 344.2 278.89
9/6/18 18:39 9/7/18 4:40 600 0 600 100 224 1213 10752 12189 22.4 121.3 1075.2 1218.9 10.0% 485.69 464.21
9/7/18 18:37 9/8/18 4:41 603 0 603 100 93 470 2290 2853 9.3 46.8 227.9 283.9 16.5% 378.53 333.45
9/8/18 18:35 9/9/18 4:42 607 0 607 100 60 831 5802 6693 5.9 82.1 573.5 661.6 12.4% 381.55 350.22
9/9/18 18:33 9/10/18 4:43 609 0 609 100 239 1155 3602 4996 23.5 113.8 354.9 492.2 23.1% 349.24 294.74


9/10/18 18:31 9/11/18 4:45 613 434 179 29 4 44 21 69 1.3 14.7 7 23.1 63.8% 165.14 105.77
9/11/18 18:29 9/12/18 4:46 616 0 616 100 81 568 1440 2089 7.9 55.3 140.3 203.5 27.2% 268.29 214.88
9/12/18 18:27 9/13/18 4:47 620 0 620 100 714 3274 4484 8472 69.1 316.8 433.9 819.9 38.6% 256.28 146
9/13/18 18:26 9/14/18 4:48 622 0 622 100 237 1371 10704 12312 22.9 132.3 1032.5 1187.7 11.1% 575.15 603.35
9/14/18 18:24 9/15/18 4:49 625 0 625 100 62 332 2412 2806 6 31.9 231.6 269.4 11.8% 473.06 445.01
9/15/18 18:22 9/16/18 4:50 628 0 628 100 135 807 11450 12392 12.9 77.1 1093.9 1183.9 6.5% 538.99 517.86
9/16/18 18:20 9/17/18 4:52 632 0 632 100 438 1549 3605 5592 41.6 147.1 342.2 530.9 27.7% 329.65 219.15
9/17/18 18:18 9/18/18 4:53 635 0 635 100 113 319 501 933 10.7 30.1 47.3 88.2 34.2% 295.26 163.68
9/18/18 18:16 9/19/18 4:54 638 0 638 100 413 1269 8135 9817 38.8 119.3 765 923.2 12.9% 439.85 435.56
9/19/18 18:14 9/20/18 4:55 641 0 641 100 475 4386 10279 15140 44.5 410.5 962.2 1417.2 29.0% 253.28 206.04
9/20/18 18:12 9/21/18 4:56 644 0 644 100 77 344 3703 4124 7.2 32 345 384.2 8.3% 541.55 564.03
9/21/18 18:11 9/22/18 4:57 646 180 466 72 6 14 89 109 0.8 1.8 11.5 14 12.8% 522.56 357.84
9/22/18 18:09 9/23/18 4:59 650 0 650 100 161 962 16688 17811 14.9 88.8 1540.4 1644.1 5.4% 568.37 570.59
9/23/18 18:07 9/24/18 5:00 653 0 653 100 239 1996 7071 9306 22 183.4 649.7 855.1 21.4% 295.76 247.5
9/24/18 18:05 9/25/18 5:01 656 0 656 100 112 657 3985 4754 10.2 60.1 364.5 434.8 13.8% 436.53 397.15
9/25/18 18:03 9/26/18 5:02 659 311 348 53 1 7 29 37 0.2 1.2 5 6.4 18.9% 632.68 759.87
9/26/18 18:01 9/27/18 5:03 662 180 482 73 4 72 482 558 0.5 9 60 69.5 12.9% 377.97 352.65
9/27/18 17:59 9/28/18 5:05 666 96 570 86 513 4580 12891 17984 54 482.1 1356.9 1893.1 25.5% 322.41 249.33
9/28/18 17:57 9/29/18 5:06 669 0 669 100 12 147 3206 3365 1.1 13.2 287.5 301.8 4.4% 534.51 522.73
9/29/18 17:56 9/30/18 5:07 671 0 671 100 158 826 7226 8210 14.1 73.9 646.1 734.1 10.1% 442.91 416.97
9/30/18 17:54 10/1/18 5:08 674 9 665 99 216 992 1373 2581 19.5 89.5 123.9 232.9 38.4% 216.46 147.52


10/1/18 17:52 10/2/18 5:09 676 100 576 85 461 3790 20321 24572 48 394.8 2116.8 2559.6 15.4% 402.19 359.36
10/2/18 17:50 10/3/18 5:11 681 219 462 68 37 88 158 283 4.8 11.4 20.5 36.8 31.1% 228.84 165.51
10/3/18 17:48 10/4/18 5:12 523 0 523 77 147 2137 3398 5682 16.9 245.2 389.8 651.9 37.6% 213.7 161.54
10/4/18 17:46 10/5/18 5:13 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/5/18 17:45 10/6/18 5:14 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/6/18 17:43 10/7/18 5:16 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/7/18 17:41 10/8/18 5:17 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/8/18 17:39 10/9/18 5:18 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/9/18 17:37 10/10/18 5:19 0 0 0 0 no data no data no data no data no data no data no data no data no data no data no data
10/10/18 17:35 10/11/18 5:20 705 0 705 100 370 2184 1728 4282 31.5 185.9 147.1 364.4 51.0% 167.42 118.87
10/11/18 17:34 10/12/18 5:22 708 30 678 96 25 356 574 955 2.2 31.5 50.8 84.5 37.3% 224.96 161.85
10/12/18 17:32 10/13/18 5:23 711 0 711 100 105 380 1347 1832 8.9 32.1 113.7 154.6 20.7% 322.16 298.25
10/13/18 17:30 10/14/18 5:24 714 0 714 100 28 108 382 518 2.4 9.1 32.1 43.5 20.8% 380.03 340.31
10/14/18 17:29 10/15/18 5:26 717 0 717 100 216 1299 6718 8233 18.1 108.7 562.2 689 15.8% 352.87 314.25
10/15/18 17:27 10/16/18 5:27 720 90 630 88 222 396 114 732 21.1 37.7 10.9 69.7 54.1% 118.77 58.064
10/16/18 17:25 10/17/18 5:28 723 0 723 100 134 485 534 1153 11.1 40.2 44.3 95.7 42.1% 207.12 123.75
10/17/18 17:23 10/18/18 5:29 726 75 651 90 24 41 178 243 2.2 3.8 16.4 22.4 16.9% 389.15 303.89
10/18/18 17:22 10/19/18 5:31 729 0 729 100 74 392 952 1418 6.1 32.3 78.4 116.7 27.6% 297.69 225.09
10/19/18 17:20 10/20/18 5:32 732 30 702 96 40 103 49 192 3.4 8.8 4.2 16.4 53.6% 211.79 75.286
10/20/18 17:18 10/21/18 5:33 735 0 735 100 177 1101 4682 5960 14.4 89.9 382.2 486.5 18.5% 336.2 319.43
10/21/18 17:17 10/22/18 5:35 738 0 738 100 67 288 548 903 5.4 23.4 44.6 73.4 31.9% 255.74 173.43
10/22/18 17:15 10/23/18 5:36 741 67 674 91 667 3634 5019 9320 59.4 323.5 446.8 829.7 39.0% 193.54 146.3
10/23/18 17:14 10/24/18 5:37 743 450 293 39 8 72 305 385 1.6 14.7 62.5 78.8 18.7% 377.53 351.74
10/24/18 17:12 10/25/18 5:39 407 0 407 55 31 162 883 1076 4.6 23.9 130.2 158.6 15.1% 415.98 359.66
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Appendix D – HSR Radar Data by Biological Period.  
Mean Target Directions and Concentrations 


Row Labels


% HSR 
data in 
Dawn


Dawn 
Mean 
Angle


Dawn R 
(Directiona


l 
Concentrat


ion)


% HSR 
data in 


Day
Day Mean 


Angle


Day R 
(Directiona


l 
Concentrat


ion)


% HSR 
data in 
Dusk


Dusk 
Mean 
Angle


Dusk R 
(Directiona


l 
Concentrat


ion)


% HSR 
data in 
Night


Night 
Mean 
Angle


Night R 
(Directiona


l 
Concentrat


ion)
2018
4


14 100 80.54 0.259832 74.8 77.89 0.0462319 100 209.14 0.0732921 100 207.03 0.0343398
15 100 273.68 0.0492299 100 215.13 0.0180657 100 231.06 0.1286787 79.5 266.92 0.0999536
16 95 358.72 0.048666 84.4 208.16 0.0482452 45 358.52 0.1214085 41.9 339.83 0.0243991
17 100 348.09 0.0393443 82.1 300.48 0.0107149 66.7 28.24 0.0911108 99.6 47.42 0.4128367
18 100 50.77 0.4631616 100 37.23 0.091158 100 44.91 0.0271477 99.5 28.02 0.7149834
19 100 35.34 0.5121826 100 27.15 0.0374082 100 212.99 0.0079406 99.3 60.07 0.1659076
20 100 108.72 0.0494317 100 353.13 0.0253362 100 304.05 0.0236485 99.5 52.21 0.2951759
21 100 71.98 0.2663681 100 37.82 0.0476452 100 101.22 0.0194445 99.3 45.57 0.7387257
22 100 35.89 0.0807946 100 37.4 0.0638004 100 313.27 0.0423843 99.3 45.26 0.6475022
23 100 232.97 0.0152146 100 43 0.0990192 100 36.26 0.2225485 99.1 37.51 0.6523825
24 100 41.94 0.5492083 100 40.85 0.1317342 100 58.11 0.0478306 99.1 41.89 0.7050075
25 100 46.26 0.1051114 97 71.11 0.0261597 0 52.6 72.84 0.0358181
26 41.7 186.17 0.127312 86.5 54.62 0.0247705 100 47.96 0.0072692 100 46.38 0.4313044
27 100 115.42 0.0267321 92.3 37.02 0.0565408 100 53.34 0.0396031 100 316.73 0.0300127
28 100 312.33 0.0715516 100 62.16 0.067297 100 54.51 0.0952134 100 33.7 0.7164374
29 100 252.06 0.4290042 100 245.25 0.0582375 50 108.66 0.0321417 99.4 10.16 0.088287
30 100 343.81 0.0352137 98.1 27.46 0.0211654 100 8.12 0.030073 99.8 48.42 0.4304476


5
14 100 51.13 0.1502631 100 88.62 0.0521723 100 34.44 0.0669975 99.2 42.97 0.7822936
15 100 18.37 0.7279034 92.8 24.88 0.4244855 100 131.43 0.0071128 99.2 50.46 0.6154609
16 100 56.79 0.0472241 100 54.22 0.0495791 100 30.13 0.0807449 99.2 35.69 0.6774479
17 100 37.86 0.3230667 100 37.53 0.0609775 100 85.35 0.0355076 99.2 47.57 0.1724252
18 100 257.65 0.08644 100 301.16 0.012938 100 23.56 0.0605943 99.2 35.36 0.7294622
19 100 33.51 0.4142474 99.2 64.12 0.0578244 0 97.5 46.13 0.1521104
20 100 20.7 0.1277133 100 7.5 0.0655137 100 110.03 0.0293779 100 64.85 0.6587862
21 100 86.61 0.0723548 100 32.3 0.0648993 100 18.35 0.0565303 99.2 40.9 0.7009212
22 100 18.93 0.4490556 100 3.63 0.3586049 100 85.31 0.0512236 98.7 48.83 0.4880642
23 100 89.97 0.1091389 98.2 41.81 0.0671481 100 304.75 0.0486407 98.9 21.69 0.5192069
24 100 35.44 0.4448007 100 39.18 0.115987 100 0.96 0.0724914 98.7 41.19 0.6267937
25 100 59.59 0.1279079 100 23.31 0.0574944 100 37.26 0.0535636 99.2 32.93 0.6475016
26 100 4.98 0.0758166 100 5.28 0.0237613 100 320.9 0.0327205 99.1 302.71 0.4231789
27 100 329.78 0.0496293 100 1.86 0.0387201 100 64.09 0.0337226 99.4 32.93 0.6145999
28 100 81.51 0.0308865 100 42.46 0.0336247 100 54.09 0.0433798 99.1 44.77 0.6872369
29 100 33.6 0.025253 100 138.14 0.0116469 100 358.21 0.0033677 99.1 350.05 0.049539
30 100 270.28 0.0460194 100 28.88 0.0578061 100 45.94 0.1150583 99.8 41.53 0.6487335
1 100 221.66 0.065192 100 356.27 0.0333993 100 53.63 0.0210171 100 45.18 0.7852069
2 100 40.05 0.6476884 21.1 37.23 0.2484217
3 60.7 49.49 0.0645093 100 51.63 0.0499692 100 40.97 0.4192809
4 100 31.85 0.543853 100 36.85 0.1588527 43.3 282.67 0.0693818 88.6 23.59 0.4967017
5 100 86.69 0.1071519 100 22.48 0.0729126 100 2.18 0.0514592 99.4 30.84 0.7285931
6 100 36.22 0.7682867 100 51.85 0.088869 100 107.11 0.1009905 96.3 28.89 0.531838
7 100 252.84 0.0723613 100 309.23 0.0312483 100 26.28 0.0728849 99.8 31.2 0.735684
8 100 24.42 0.6732424 100 50.76 0.105801 100 111.25 0.0504499 99.2 44.01 0.790059
9 100 42.28 0.7558702 100 39.39 0.0895982 100 22.33 0.0915011 99.2 36.59 0.7876143
10 100 31.68 0.7199456 100 47.39 0.0794153 100 24.33 0.050941 99.2 55.43 0.6824713
11 100 87.79 0.0150226 100 43.59 0.0307821 100 334.21 0.0390005 100 72.95 0.4116498
12 100 3.53 0.1229502 100 50.95 0.0489893 100 58.58 0.0440865 99.8 44.15 0.6759574
13 100 303.83 0.0392764 100 111.68 0.0195751 100 80.58 0.0630041 100 43.29 0.6731585
31 100 71.82 0.1223133 100 49.32 0.046434 100 19.8 0.0367069 54.5 33.91 0.3524478  
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Row Labels
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Dawn 
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Dawn R 
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Day
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Night


Night 
Mean 
Angle


Night R 
(Directional 


Concentration)
2018
8
30 33.6 180.27 0.54 100 183.28 0.36 99.7 230.96 0.67
31 100 271.69 0.64 100 256.97 0.13 100 193.45 0.03 98.8 285.4 0.62


9
30 100 185.68 0.35 100 180.1 0.13 100 145.56 0.05 99.3 209.54 0.69
1 100 308.39 0.41 100 3.68 0.04 100 49.33 0.03 99.1 258.09 0.08
2 100 10.64 0.04 100 70.54 0.01 100 58.31 0.02 99.2 214.99 0.35
3 100 202.67 0.04 89.7 104.06 0.04 100 1.03 0.02 89 197.68 0.57
4 100 205.5 0.38 98.3 206.88 0.30 100 198.71 0.41 98.8 244.89 0.64
5 100 296.11 0.73 100 8.31 0.17 100 34.83 0.31 99.2 341.18 0.18
6 100 83.11 0.21 89.6 163.1 0.29 100 171.19 0.43 99.3 217.36 0.74
7 100 246.74 0.77 100 265.66 0.21 100 166.69 0.08 99.2 207.82 0.75
8 100 208.82 0.57 100 197.51 0.31 100 205.97 0.31 99.2 224.18 0.77
9 100 236.13 0.37 100 223.5 0.23 100 244.7 0.08 99.2 254.78 0.81
10 100 261.78 0.60 100 256.97 0.27 100 121.01 0.12 62.7 251.93 0.49
11 23.3 284.72 0.14 83.1 172.56 0.08 100 152.79 0.16 99.5 208.15 0.77
12 100 222.31 0.39 100 217.3 0.20 100 241.18 0.20 99.2 238.48 0.52
13 100 217.73 0.52 100 221.21 0.35 100 211.59 0.06 99.2 241.69 0.77
14 100 257.31 0.58 100 284.02 0.16 100 96.76 0.02 99.2 225.95 0.58
15 100 202.97 0.35 100 219.8 0.15 100 58.95 0.16 99.2 203.14 0.75
16 100 209.93 0.70 100 228.49 0.30 100 249.96 0.19 99.1 250.04 0.55
17 100 69.16 0.34 86.9 189.42 0.03 100 53.08 0.12 100 192.39 0.64
18 100 189.84 0.51 99.7 206.55 0.20 53.3 150.23 0.09 99.4 210.85 0.57
19 100 206.61 0.02 100 212.39 0.37 100 230.37 0.21 99.4 229.67 0.52
20 100 257.95 0.41 100 233.98 0.13 100 44.64 0.09 99.4 219.5 0.44
21 100 28.37 0.22 91.1 25.11 0.10 100 242 0.02 95.4 80.54 0.26
22 100 122.76 0.17 100 177.69 0.24 100 176.5 0.11 99.5 200.57 0.66
23 100 190.26 0.38 100 171.61 0.13 100 164.88 0.21 99.2 225.52 0.65
24 100 226.34 0.70 100 233.28 0.28 100 59.38 0.04 99.2 276.19 0.77
25 100 287.78 0.56 74.5 260.74 0.08 0 72.8 9.01 0.09
26 100 48.48 0.12 100 51.22 0.04 100 314.54 0.01 79.6 198.44 0.74
27 100 214.08 0.71 100 215.82 0.25 100 267.42 0.12 99.1 241.41 0.61
28 100 226.02 0.19 97.7 224.07 0.08 100 140.42 0.05 99.3 205.3 0.69
29 100 183.02 0.26 100 181.42 0.19 100 169.26 0.05 99.3 197.86 0.74


10
1 100 210.41 0.49 88.4 209.54 0.05 100 185.65 0.05 99.4 227.16 0.60
2 58.3 220.69 0.20 88.9 297.05 0.08 0 74 208.22 0.67
3 100 210 0.57 100 211.8 0.18 100 194.84 0.25 99.3 253.51 0.28
4 100 324.14 0.08 100 50.34 0.08 100 167.17 0.10 99.9 200.56 0.66
5 100 211.87 0.61 99.8 210.19 0.28 100 203.96 0.14 99.3 235.86 0.63
6 100 238.22 0.62 100 258 0.15 100 11.03 0.02 99.3 220.44 0.15
7 100 155.78 0.12 100 227.31 0.09 100 224.45 0.39 99.4 241.48 0.48
8 100 253.01 0.11 100 232.99 0.07 100 33.01 0.09 99.9 84.48 0.37
9 100 72.26 0.30 100 135.56 0.04 100 100.52 0.06 100 182.36 0.53
10 100 149.36 0.13 100 191.04 0.09 100 234.24 0.36 99.4 219.05 0.43
11 65 237.92 0.09 66.8 327.52 0.04 100 288.27 0.03 100 190.01 0.63
12 100 173.84 0.42 100 158.32 0.09 100 65.64 0.03 99.3 191.94 0.74
13 100 201.91 0.61 82.7 161.31 0.09 100 333.95 0.03 99.4 192.58 0.72
14 100 195.56 0.08 100 153.6 0.06 100 81.26 0.07 99.3 227.31 0.65
15 100 287.25 0.53 85 130.66 0.02 100 228 0.04 95.4 121.29 0.19
16 100 123.99 0.11 100 115.69 0.03 100 180.44 0.15 99.4 196.28 0.69
17 100 358.93 0.03 79.8 86.64 0.03 100 104.42 0.07 100 183.77 0.67
18 100 127.61 0.04 100 149.24 0.05 100 288.36 0.03 99.3 191.55 0.70
19 100 142.42 0.04 100 84.54 0.01 100 85.4 0.04 100 290.78 0.17
20 100 41.89 0.05 100 37.75 0.02 100 70.53 0.05 99.3 195.08 0.68
21 100 196.96 0.12 100 178.71 0.01 100 208.15 0.08 99.3 195.34 0.68
22 100 159.01 0.03 100 87.94 0.00 100 174.12 0.03 99.3 236.31 0.47
23 100 278.32 0.31 74 237.88 0.06 75 236.31 0.06 43.5 235.76 0.59
24 100 236.78 0.09 100 205.7 0.07 100 195.75 0.29 54.5 192.94 0.65
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Appendix E – Weather Data 
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4/14/2018 6.1 7.3 7.2 5.3 2.0 ‐1.4 ‐5.6 ‐5.7 322 324 340 13 NW NW N N 15 40 0 43 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 0.99 0.86


4/15/2018 6.8 6.2 5.3 8.3 ‐7.0 ‐6.5 ‐5.1 ‐4.9 53 62 87 77 NE NE E E 60 122 0 132 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 0.99 1.00


4/16/2018 9.2 12.0 14.2 14.8 ‐6.5 ‐5.7 ‐3.7 ‐1.0 72 75 72 66 E E E NE 3 327 33 359 0.0% 2.6% 0.0% 0.0% 0.0% 1.5% 0.0% 0.0% 1.00 0.99 1.00 0.99


4/17/2018 9.1 6.8 9.8 9.9 1.8 0.8 0.0 ‐1.6 67 353 279 281 NE N W W 0 285 0 0 0.0% 26.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.26 1.00 1.00


4/18/2018 9.7 9.0 9.7 7.3 ‐2.9 ‐0.3 2.8 1.0 279 271 275 266 W W W W 0 30 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.99


4/19/2018 8.8 8.0 8.4 9.1 ‐0.3 1.4 0.3 ‐1.4 274 277 270 282 W W W W 0 46 29 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.83 1.00 0.96


4/20/2018 8.2 10.3 9.8 9.4 ‐2.0 1.1 1.9 0.6 279 301 301 307 W NW NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 1.00


4/21/2018 8.7 9.4 8.8 7.0 ‐0.6 2.4 4.6 2.5 311 307 299 297 NW NW NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.99


4/22/2018 7.9 7.0 8.7 7.4 1.1 4.6 7.2 5.1 312 311 303 323 NW NW NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 1.00 0.99


4/23/2018 5.9 4.7 4.2 7.0 4.8 9.5 13.8 8.5 326 294 239 228 NW NW SW SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.91 0.99 0.94


4/24/2018 5.4 5.9 7.1 6.7 8.1 14.1 13.9 10.0 246 227 164 212 SW SW S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.86 1.00 0.94


4/25/2018 7.9 6.8 6.4 6.9 7.9 7.9 6.7 6.4 227 192 126 126 SW S SE SE 0 188 60 442 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.87 1.00 0.97


4/26/2018 4.3 4.9 11.4 10.1 5.7 7.5 8.7 6.6 110 126 286 282 E SE W W 10 365 15 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.01 1.00 0.99


4/27/2018 7.6 4.4 4.1 4.2 5.8 9.0 6.4 4.4 287 203 141 117 W SW SE SE 0 146 60 94 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.45 0.99 0.85


4/28/2018 2.4 3.4 5.4 5.0 4.3 9.0 13.8 9.4 61 196 221 179 NE S SW S 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.36 1.00 0.87


4/29/2018 4.5 4.8 4.0 5.0 7.4 7.7 7.2 4.0 35 110 119 156 NE E SE SE 0 225 28 66 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.58 0.98 0.96


4/30/2018 4.8 4.7 3.1 3.3 2.3 4.8 7.2 4.1 145 112 157 65 SE E SE NE 11 75 0 0 0.0% 0.0% ‐ 0.0% 0.0% 0.0% 0.0% 38.9% 0.98 0.96 1.00 0.72


5/1/2018 3.7 6.1 8.5 6.1 2.7 7.3 10.8 11.3 25 322 332 257 NE NW NW W 0 30 0 45 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.92 1.00 0.95


5/2/2018 8.6 9.0 13.6 10.1 13.7 18.1 24.3 19.9 277 271 266 272 W W W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.99


5/3/2018 7.9 3.7 1.8 5.6 16.6 16.7 15.2 13.3 299 233 190 270 NW SW S W 0 150 0 15 0.0% 0.0% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 1.00 0.71 0.91 0.68


5/4/2018 5.3 5.2 7.4 8.7 12.3 13.6 12.0 10.9 266 222 160 219 W SW S SW 0 30 49 101 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.47 1.00 0.68


5/5/2018 19.0 12.5 6.2 8.3 7.0 10.3 16.7 15.2 282 286 276 237 W W W SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 0.99 0.99


5/6/2018 8.9 5.3 4.0 5.1 14.2 15.2 13.1 11.4 243 233 211 316 SW SW SW NW 0 150 0 30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.90 1.00 0.54


5/7/2018 4.5 4.9 4.7 1.7 9.1 11.8 14.2 10.7 30 346 303 293 NE N NW NW 0 0 0 0 0.0% 0.0% 0.0% 21.7% 0.0% 0.0% 0.0% 15.0% 1.00 0.58 0.98 0.61


5/8/2018 1.0 5.1 6.4 5.8 8.8 13.7 13.8 12.3 265 211 170 239 W SW S SW 0 0 0 0 100.0% 18.8% 0.0% 11.1% 33.3% 5.6% 0.0% 0.0% 1.00 0.86 1.00 0.91


5/9/2018 2.0 4.1 7.6 6.0 14.5 18.0 16.1 11.6 285 130 162 176 W SE S S 0 0 0 0 100.0% 23.5% 0.0% 14.3% 16.7% 4.5% 0.0% 21.7% 0.95 0.30 1.00 0.99


5/10/2018 4.2 4.6 5.8 9.4 9.1 11.3 10.9 12.0 182 153 196 253 S SE S W 0 0 0 0 100.0% 7.4% 0.0% 0.0% 100.0% 16.7% 0.0% 0.0% 0.99 0.92 0.98 0.83


5/11/2018 13.2 9.6 7.6 6.3 6.5 5.5 7.4 4.5 304 297 286 310 NW NW W NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.97


5/12/2018 4.3 4.7 5.1 5.0 3.4 8.2 9.1 8.1 292 217 202 317 W SW S NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 18.8% 0.96 0.87 1.00 0.38


5/13/2018 2.5 4.2 7.6 7.0 8.4 12.5 11.8 6.7 23 128 167 207 NE SE S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 37.5% 5.3% 0.0% 0.0% 0.97 0.52 1.00 0.94


5/14/2018 5.3 4.6 5.2 7.2 3.0 10.9 15.5 16.1 216 209 205 251 SW SW SW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.94 1.00 0.94


5/15/2018 6.7 6.5 5.1 6.2 16.7 15.2 13.1 10.5 275 273 295 344 W W NW N 0 150 0 0 0.0% 0.0% 28.6% 18.2% 0.0% 0.0% 0.0% 17.8% 1.00 0.82 1.00 0.77


5/16/2018 5.6 5.3 5.1 8.4 5.7 8.4 9.7 7.7 37 151 169 223 NE SE S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.98 0.54 1.00 0.94


5/17/2018 6.7 7.1 7.8 5.6 9.4 15.3 16.9 9.9 247 288 317 4 SW W NW N 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.97 0.99 0.87


5/18/2018 5.2 4.1 4.6 7.6 3.6 9.1 13.6 8.3 20 65 147 215 N NE SE SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.64 0.99 0.90


5/19/2018 8.4 6.1 4.7 5.7 7.5 10.1 6.7 5.1 229 185 161 205 SW S S SW 0 67 60 77 0.0% 0.0% 0.0% 0.0% 42.9% 7.7% 0.0% 0.0% 1.00 0.88 1.00 0.91


5/20/2018 8.0 8.4 6.7 9.2 7.5 14.0 15.1 11.5 238 273 306 304 SW W NW NW 30 6 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.89 1.00 1.00


5/21/2018 10.0 9.4 8.9 6.6 9.4 14.9 18.8 16.7 305 287 292 295 NW W W NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 28.6% 0.0% 0.0% 0.0% 1.00 0.98 1.00 0.95


5/22/2018 4.1 5.5 7.9 5.2 14.4 14.0 13.1 10.0 44 170 222 226 NE S SW SW 0 145 50 15 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.95 0.70 1.00 0.92


5/23/2018 4.1 7.6 3.6 5.1 9.2 15.2 17.2 9.7 290 299 13 68 W NW N E 0 15 0 0 ‐ 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.90 0.98 0.92


5/24/2018 1.4 4.6 7.8 8.5 7.9 12.5 15.1 14.7 114 263 278 257 SE W W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.55 0.75 1.00 0.97


5/25/2018 13.3 11.6 10.8 10.3 15.9 20.4 21.2 19.0 269 269 268 275 W W W W 0 0 0 30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 1.00


5/26/2018 8.8 6.5 6.4 10.2 17.2 17.5 17.8 13.6 281 294 66 67 W NW NE NE 0 120 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.91 1.00 0.99


5/27/2018 6.6 5.2 4.6 4.4 8.7 9.4 8.2 6.1 89 134 152 156 E SE SE SE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.90 1.00 0.98


5/28/2018 3.7 3.8 5.2 7.5 4.9 9.4 12.1 12.1 207 205 216 248 SW SW SW W 0 0 0 0 0.0% 0.0% 0.0% 5.6% 0.0% 0.0% 0.0% 11.8% 1.00 0.96 1.00 0.89


5/29/2018 9.7 8.3 6.0 6.6 15.4 20.6 23.5 18.0 271 322 352 37 W NW N NE 0 0 0 0 16.7% 5.9% 0.0% 0.0% 0.0% 8.7% 0.0% 12.5% 0.99 0.97 1.00 0.92


5/30/2018 7.4 4.3 3.5 7.8 13.7 16.5 17.2 14.1 73 159 189 226 E S S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 1.00 0.69 1.00 0.96


5/31/2018 5.7 4.3 4.5 7.7 15.0 21.8 21.5 18.9 253 220 175 224 W SW S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.87 0.99 0.94
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8/30/2018 7.5 6.6 6.2 6.4 20.8 18.6 16.1 12.8 275 306 313 353 W NW NW N 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 1.00 0.89 11.39 11.36 10.54 5.51


8/31/2018 6.9 3.1 2.3 5.8 11.4 15.9 19.3 13.7 60 97 147 202 NE E SE S 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.88 1.00 0.87 11.13 4.16 0.00 2.75


9/1/2018 5.4 3.5 3.8 7.1 12.9 16.7 18.1 13.5 219 192 187 224 SW S S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.95 0.97 0.93 0.00 5.02 6.77 8.72


9/2/2018 6.0 4.0 3.7 6.4 12.3 18.9 21.6 19.2 259 218 182 227 W SW S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.93 0.99 0.92 0.00 7.59 9.46 6.70


9/3/2018 5.7 5.4 8.0 9.6 20.3 24.3 22.5 20.2 252 251 255 284 W W W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.96 0.93 0.97 2.07 8.91 12.08 14.16


9/4/2018 6.7 3.8 4.0 2.7 20.1 21.2 21.5 19.1 317 21 339 309 NW N N NW 0 0 0 75 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.69 1.00 0.44 8.10 5.44 9.53 0.08


9/5/2018 5.0 3.9 3.8 8.1 16.7 21.4 24.7 21.5 143 206 180 221 SE SW S SW 0 0 11 19 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.93 0.99 0.92 0.00 7.35 9.85 11.26


9/6/2018 8.2 7.7 6.6 6.7 22.8 22.1 20.5 15.2 248 291 314 334 W W NW NW 0 75 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 6.9% 0.0% 0.0% 0.99 0.89 1.00 0.89 12.87 12.41 11.08 6.85


9/7/2018 3.7 3.3 3.0 6.3 12.6 16.0 18.4 14.3 33 197 236 305 NE S SW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.30 0.98 0.91 0.00 4.36 6.95 6.38


9/8/2018 6.4 4.6 4.8 6.7 11.6 13.1 15.2 9.2 345 328 0 6 N NW N N 30 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 13.3% 0.98 0.92 1.00 0.94 6.01 8.60 9.68 7.88


9/9/2018 4.6 3.4 4.1 4.8 5.8 10.6 12.4 10.0 33 43 97 98 NE NE E E 0 30 0 0 0.0% 0.0% 0.0% 0.0% 16.7% 5.6% 0.0% 9.7% 1.00 0.90 1.00 0.99 0.00 2.54 9.47 0.10


9/10/2018 5.2 7.0 6.6 7.3 7.3 9.8 10.9 9.2 101 114 147 124 E SE SE SE 0 0 17 434 0.0% 0.0% 0.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.97 0.91 1.00 0.98 0.00 5.13 10.97 11.83


9/11/2018 6.3 4.2 4.6 5.3 9.2 12.8 15.9 15.4 100 53 293 308 E NE NW NW 60 254 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 17.2% 1.00 0.50 1.00 0.94 3.61 5.53 9.48 1.04


9/12/2018 3.3 2.7 1.3 2.6 14.6 16.9 17.4 15.4 329 57 124 184 NW NE SE S 0 0 0 0 0.0% 0.0% 0.0% 0.0% 20.0% 8.3% 0.0% 0.0% 0.98 0.63 0.96 0.72 0.00 2.59 0.00 0.00


9/13/2018 5.0 2.5 2.8 1.7 15.0 20.4 23.4 19.6 280 20 79 149 W N E SE 0 0 0 0 0.0% 0.0% 0.0% 28.3% 0.0% 0.0% 0.0% 21.6% 1.00 0.59 0.99 0.95 0.00 0.94 0.00 0.00


9/14/2018 0.9 2.1 3.6 5.4 18.2 21.0 21.8 17.1 159 139 173 245 S SE S SW 0 45 0 0 25.0% 5.9% 0.0% 29.3% 100.0% 25.0% 0.0% 35.7% 1.00 0.89 0.99 0.87 0.00 0.03 0.28 0.89


9/15/2018 6.1 2.7 4.0 5.8 16.1 21.6 23.0 20.2 282 281 215 283 W W SW W 0 0 0 0 100.0% 22.2% 0.0% 45.9% 100.0% 21.1% 0.0% 0.0% 1.00 0.63 0.99 0.88 2.64 1.56 1.99 2.50


9/16/2018 5.6 3.4 4.2 6.5 19.7 23.1 22.5 19.6 320 26 93 205 NW NE E SW 0 30 0 0 16.7% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 3.6% 1.00 0.19 1.00 0.69 0.00 3.61 9.48 6.63


9/17/2018 7.8 4.9 4.1 7.9 19.4 22.6 24.1 19.8 237 228 213 254 SW SW SW W 0 60 0 0 100.0% 14.3% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 1.00 0.98 1.00 0.97 12.24 8.06 9.50 11.12


9/18/2018 4.4 2.7 3.2 7.5 17.8 21.2 22.4 12.8 267 252 217 36 W W SW NE 0 2 28 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.48 0.97 0.66 0.00 2.68 0.57 11.05


9/19/2018 7.7 5.7 6.1 6.5 7.6 9.6 11.8 9.2 50 52 58 62 NE NE NE NE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 1.00 12.44 10.32 10.08 7.54


9/20/2018 6.1 3.2 3.8 5.4 7.3 9.8 11.7 9.2 64 128 215 219 NE SE SW SW 0 0 0 0 0.0% 0.0% 0.0% 3.8% 0.0% 0.0% 0.0% 0.0% 1.00 0.22 1.00 0.97 1.02 1.99 9.45 1.48


9/21/2018 5.0 5.1 5.1 9.5 8.2 9.6 10.2 12.5 196 184 180 216 S S S SW 0 165 0 180 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 0.99 0.95 0.00 8.97 9.96 11.79


9/22/2018 16.7 10.7 8.8 6.9 14.6 11.0 10.3 7.4 291 303 307 291 W NW NW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 26.2% 1.00 0.99 1.00 0.99 14.84 13.89 13.72 8.68


9/23/2018 6.3 5.2 5.3 7.2 6.3 10.7 14.4 8.5 286 273 299 8 W W NW N 0 0 0 0 0.0% 0.0% 0.0% 0.0% 33.3% 10.0% 0.0% 0.0% 1.00 0.97 0.99 0.78 4.82 9.61 9.93 9.65


9/24/2018 6.8 4.7 3.6 5.5 2.5 6.1 9.4 5.4 42 77 156 174 NE E SE S 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 21.2% 1.00 0.89 1.00 0.94 9.99 6.74 0.22 2.34


9/25/2018 6.6 6.6 9.4 6.5 4.9 6.5 9.1 11.0 159 143 144 162 S SE SE S 0 259 60 311 0.0% 0.0% 0.0% 0.0% 25.0% 3.2% 0.0% 0.0% 0.99 0.99 1.00 0.86 10.01 10.69 14.61 7.19


9/26/2018 9.0 8.9 9.3 10.1 13.1 16.9 20.8 15.9 212 218 203 281 SW SW SW W 0 60 0 180 50.0% 6.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.76 14.18 13.52 14.45 14.32


9/27/2018 6.9 3.3 4.3 5.5 10.8 13.6 14.6 10.8 322 78 112 100 NW E E E 0 0 0 96 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.35 0.99 0.98 9.56 3.44 9.50 2.02


9/28/2018 2.4 3.5 3.2 6.1 9.2 11.0 13.8 10.5 72 51 201 253 E NE S W 54 30 0 0 0.0% 0.0% 0.0% 25.7% 0.0% 0.0% 0.0% 6.5% 0.96 0.56 0.97 0.88 0.00 3.78 0.07 3.62


9/29/2018 7.8 6.9 4.8 5.6 11.3 10.9 13.1 10.2 279 301 291 283 W NW W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 40.0% 12.5% 0.0% 6.3% 0.99 0.98 1.00 0.97 12.80 11.76 9.51 3.38


9/30/2018 7.2 5.0 5.2 4.7 8.2 10.3 11.1 8.9 302 278 267 263 NW W W W 0 0 0 9 0.0% 0.0% 0.0% 0.0% 50.0% 11.8% 0.0% 0.0% 1.00 0.96 0.99 0.85 11.80 9.83 9.53 2.52


10/1/2018 0.9 1.3 1.8 3.8 8.2 7.4 8.2 7.1 213 233 287 32 SW SW W NE 60 216 0 100 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.46 0.99 0.43 0.00 0.00 0.00 3.53


10/2/2018 6.4 6.1 6.4 6.5 4.4 4.1 3.9 4.8 40 69 60 44 NE E NE NE 60 281 60 219 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.98 0.97 0.99 0.99 7.70 10.23 10.75 9.95


10/3/2018 4.1 2.8 1.3 3.8 5.5 10.8 15.0 9.6 32 6 326 138 NE N NW SE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.91 0.94 0.59 1.61 2.80 0.00 1.96


10/4/2018 6.6 7.1 7.5 7.0 8.5 11.3 14.1 11.7 215 215 227 294 SW SW SW NW 0 0 0 0 0.0% 0.0% 0.0% 18.5% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.79 10.73 11.68 12.30 9.45


10/5/2018 5.6 3.8 2.5 4.4 3.9 7.7 12.3 7.2 351 18 84 76 N N E E 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 23.8% 0.99 0.93 0.99 0.95 7.83 4.63 0.00 2.37


10/6/2018 3.5 4.0 4.8 7.5 5.1 8.1 9.0 8.7 65 133 181 233 NE SE S SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 100.0% 12.5% 0.0% 0.0% 0.99 0.56 0.98 0.86 0.00 4.86 9.59 11.69


10/7/2018 6.9 4.8 6.2 6.1 12.6 11.7 9.5 5.0 291 24 60 63 W NE NE NE 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.67 1.00 0.98 11.33 8.90 10.32 8.26


10/8/2018 5.4 3.3 3.8 7.8 1.6 3.6 5.0 5.6 70 88 204 223 E E SW SW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.73 1.00 0.98 5.62 4.41 0.34 11.52


10/9/2018 6.4 7.2 8.9 8.0 7.9 17.3 22.2 19.9 243 254 255 258 SW W W W 0 0 0 0 0.0% 0.0% 0.0% 13.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.98 10.34 11.98 14.25 12.98


10/10/2018 5.8 5.6 5.5 7.7 19.1 22.1 19.8 7.1 264 281 58 55 W W NE NE 0 0 0 0 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.99 0.98 0.78 1.00 9.74 9.41 4.55 12.30


10/11/2018 7.6 6.4 7.9 5.2 4.4 4.1 4.7 6.2 59 53 50 6 NE NE NE N 51 294 0 30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 1.00 1.00 0.73 12.40 10.83 12.63 6.25


10/12/2018 9.6 10.6 10.7 7.9 9.3 8.1 8.2 3.9 312 300 301 294 NW NW NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 1.00 0.99 1.00 14.64 14.49 14.61 11.80


10/13/2018 4.6 5.2 8.6 8.2 2.7 2.9 2.2 2.1 290 274 290 282 W W W W 0 120 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 0.99 0.99 1.70 7.85 13.47 13.09


10/14/2018 7.9 7.5 5.4 4.2 0.9 4.7 8.8 6.5 278 280 263 262 W W W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 24.2% 1.00 0.98 0.99 0.72 13.25 12.60 9.79 2.20


10/15/2018 6.6 4.9 5.6 11.9 5.6 5.7 5.6 6.6 160 175 210 251 S S SW W 0 120 0 90 0.0% 0.0% 0.0% 0.0% 100.0% 3.0% 0.0% 0.0% 1.00 0.96 0.99 0.88 10.52 8.55 9.92 13.95


10/16/2018 16.4 14.2 8.7 7.6 1.6 3.3 5.4 3.3 284 284 282 253 W W W W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 1.00 1.00 0.91 13.89 14.42 13.74 12.06


10/17/2018 7.1 7.5 9.0 11.2 3.4 3.8 4.2 ‐0.2 228 247 278 288 SW SW W W 59 136 0 75 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.95 1.00 0.99 11.38 11.86 14.15 14.68


10/18/2018 12.0 14.4 12.2 7.2 ‐3.0 ‐2.9 ‐1.1 ‐2.5 298 303 293 267 NW NW NW W 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.95 14.77 9.88 14.78 11.79


10/19/2018 6.7 5.4 6.7 8.7 ‐1.9 3.2 7.9 7.6 227 218 220 218 SW SW SW SW 0 0 0 30 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.98 1.00 0.99 10.78 9.49 10.98 13.43


10/20/2018 11.2 9.2 9.6 7.6 6.2 9.1 11.6 6.2 210 229 254 294 SW SW W NW 15 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.96 1.00 0.98 14.74 14.15 14.68 12.55


10/21/2018 6.9 11.1 12.3 9.3 0.6 ‐0.7 ‐1.3 ‐2.2 319 305 301 296 NW NW NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 1.00 1.00 0.99 11.54 14.69 14.83 13.73


10/22/2018 7.1 8.7 6.5 4.9 ‐3.4 ‐1.2 1.3 0.4 283 279 266 240 W W W SW 0 0 0 67 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.99 1.00 0.40 11.81 13.90 10.87 7.80


10/23/2018 4.2 4.6 8.4 11.0 ‐0.4 ‐0.2 ‐1.1 ‐1.3 109 71 44 45 E E NE NE 30 278 0 450 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.96 1.00 0.99 9.48 8.84 13.87 14.71


10/24/2018 9.2 9.3 12.1 12.0 ‐1.2 0.3 1.1 ‐1.2 23 360 328 317 NE N NW NW 0 0 0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.00 0.94 1.00 0.99 14.55 14.30 14.79 14.14
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On behalf of Canton Mountain Wind, LLC and Patriot Renewables, LLC, Tetra Tech is submitting the
attached Post-construction Monitoring Report: Year 2 (2019) for the Canton Mountain Wind Project
located in the towns of Canton and Dixfield, Maine. This report complies with the Site Location of
Development Act and Natural Resources Protection Act permits issued for the project in June 2014
by the Maine Department of Environmental Protection (#L-255558-24-A-N/L-25558-TB-B-N).
 
As you are aware, the DEP permit for the project was amended in July 2019 to eliminate the avian
radar survey from the post-construction monitoring protocol (#L-25558-24-K-B), thus radar was
discontinued after the Spring 2019 season. We have attached the Spring 2019 avian radar report
that was completed prior to the permit amendment.
 
Please let me know if you have any questions.
 
Thanks,
 
Mao
Mobile: 917-687-5838
 
Mao Lin | Wildlife Biologist
Direct (207) 358-2384 | Main (207) 358-2400 | Fax (207) 879-9481 | E-mail:  mao.lin@tetratech.com

Tetra Tech | Complex World, Clear Solutions™ 
451 Presumpscot St., Portland, ME 04103 | tetratech.com

      Please consider the environment before printing. Read More. 

This message, including any attachments, may include privileged, confidential and/or inside information. Any
distribution or use of this communication by anyone other than the intended recipient is strictly prohibited and may
be unlawful. If you are not the intended recipient, please notify the sender by replying to this message and then
delete it from your system.
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From: Lin, Mao
To: Swartz, Beth
Cc: Hengstenberg, Derek; Cassida, Jim; Stratton, Robert D; deMaynadier, Phillip; Yorks, Derek
Subject: Re: Moscow Renewable Energy Project
Date: Tuesday, April 21, 2020 6:54:30 PM
Attachments: image006.png

image007.png
image008.png

Great, Beth, thank you for the additional information. I have forwarded the revised protocol to
Lotic.

Thanks,

Mao

Sent from my iPad

On Apr 21, 2020, at 6:37 PM, Swartz, Beth <Beth.Swartz@maine.gov> wrote:


 CAUTION: This email originated from an external sender. Verify the source before opening

links or attachments. 

Mao,
 
Yes, MDIFW requires that final species determinations of all Epeorus
specimens collected be conducted by Dr. Burian. His rate is $80/hour and
how much time it will take depends on the number, quality and larval
stage/difficulty of specimens submitted. Considering you are surveying
just two streams - and as long as the protocol is adhered to and only
mature Epeorus larvae are collected - I would not expect the number of
specimens submitted to Steve to be that many or take more than a few to
several hours at most to determine. My guess is the total cost won’t be
more than a few hundred dollars, but could be less or slightly more –
again, depending on number of specimens.
 
beth    
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Beth I. Swartz, Wildlife Biologist
Reptile, Amphibian and Invertebrate Group
Maine Department of Inland Fisheries and Wildlife
650 State Street, Bangor, ME 04401
(207) 941-4476
mefishwildlife.com | facebook | twitter
PLEASE SUPPORT MAINE’S ENDANGERED & NONGAME WILDLIFE!     
Purchase a Loon Plate | Check-off at Tax Time
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Correspondence to and from this office is considered a public record and may be subject to a
request under the Maine Freedom of Access Act.
Information that you wish to keep confidential should not be included in email correspondence.
 
From: Lin, Mao <Mao.Lin@tetratech.com> 
Sent: Friday, April 17, 2020 5:22 PM
To: Swartz, Beth <Beth.Swartz@maine.gov>
Cc: Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>; Cassida, Jim
<Jim.Cassida@tetratech.com>; Stratton, Robert D <Robert.D.Stratton@maine.gov>;
deMaynadier, Phillip <Phillip.deMaynadier@maine.gov>; Yorks, Derek
<Derek.Yorks@maine.gov>
Subject: RE: Moscow Renewable Energy Project
 
Thanks, Beth.
 
We are subcontracting the Roaring Brook mayfly work to John Tipping at Lotic. John
indicated that he will be identifying to species (provided late instars are collected) and
then the samples will be provided to Tetra Tech. Can you clarify: once we receive our
identified samples back from Lotic, will we then need to send them to MDIFW for
further verification with Steve Burian?
 
If so, can you give us a ballpark estimate of how much we can expect that
service/reimbursement to MDIFW to cost?
 
Thanks – and have a great weekend!
 
Mao
917-687-5838
 
 

From: Swartz, Beth <Beth.Swartz@maine.gov> 
Sent: Friday, April 17, 2020 4:55 PM
To: Lin, Mao <Mao.Lin@tetratech.com>
Cc: Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>; Cassida, Jim
<Jim.Cassida@tetratech.com>; Stratton, Robert D <Robert.D.Stratton@maine.gov>;
deMaynadier, Phillip <Phillip.deMaynadier@maine.gov>; Yorks, Derek
<Derek.Yorks@maine.gov>
Subject: RE: Moscow Renewable Energy Project
 
⚠ CAUTION: This email originated from an external sender. Verify the source before opening

links or attachments. ⚠
 
Hi Mao,
 
I’m sorry to take so long in getting back to you. Your email reminded me that
the Roaring Brook Mayfly Survey Protocol needed some updating, so I wanted
to complete that process before responding.

mailto:Beth.Swartz@maine.gov
mailto:Mao.Lin@tetratech.com
mailto:Derek.Hengstenberg@tetratech.com
mailto:Jim.Cassida@tetratech.com
mailto:Robert.D.Stratton@maine.gov
mailto:Phillip.deMaynadier@maine.gov
mailto:Derek.Yorks@maine.gov


Attached are MDIFW’s survey guidelines for both Roaring Brook Mayfly and
Northern Spring Salamander. Please note that the Spring Salamander
guidelines have also been recently updated. Older versions of both should be
discarded and these current versions followed during any upcoming field
surveys. Please also note that final species identifications for mayfly specimens
collected during the surveys are now to be conducted by MDIFW through a
contract with Dr. Steve Burian. The applicant is then responsible for
reimbursing the Department for the cost of Dr. Burian’s services.
 
Yes, I recall that TetraTech surveyed both Mink Brook and Chase Stream for
Roaring Brook Mayfly (not sure about Northern Spring Salamander?) during the
previous application process in 2016. Although there were no Roaring Brook
Mayfly nymphs identified in the samples collected, MDIFW had several
concerns regarding how the surveys were conducted, as well as the
qualifications of the surveyors. Consequently, we recommend these two
streams be resurveyed for the current project, carefully following the attached
protocol. I’ve summarized below the questions and concerns raised by MDIFW
in 2016, which we hope will guide TetraTech in planning their surveys for the
current project.
 
Please feel free to contact me if you have any questions,
beth
 
 
Summary of 2016 Questions and Concerns:
 

1. Are field staff conducting Roaring Brook Mayfly (Epeorus frisoni)
surveys qualified to do the work? Of the 35 specimens submitted by
TetraTech in 2016, only two were actually Epeorus species. Of the
remaining 33 specimens, about half were other mayfly genera and the
other half were actually stonefly larvae. This raised concerns for MDIFW
regarding the qualifications of survey personnel. Field staff conducting
surveys for Epeorus frisoni should be able to distinguish mayfly nymphs
from stonefly nymphs, or any other aquatic insect larvae. They should
further be able to distinguish Epeorus from all other mayfly genera. If
they can’t do this reliably, they should not be doing the surveys and the
work should be sub-contracted to an experienced aquatic insect biologist.
MDIFW can provide recommendations of qualified individuals if needed.

2. Is MDIFW’s recommended survey protocol being followed? In
order to effectively sample for the target species, MDIFW’s
recommended survey protocol specifically instructs surveyors to process
samples in the field to determine if Epeorus spp. are present and then to
increase survey effort at sites where nymphs of this genus are detected.
Increasing effort based on the presence of one or more Epeorus nymphs
in a sample improves the odds of detecting Epeorus frisoni, which
typically occurs in very low densities, and it also increases the chances of
finding pre-emergent males, which are the most reliable for
identification. If surveyors are unable or unwilling to determine if
Epeorus nymphs are present in their samples, in the field, then they may



be failing to adequately sample at sites where Epeorus frisoni could be
present.
 
MDIFW’s recommended survey protocol also instructs field staff to sort
out and submit only Epeorus spp. for identification. This requires some
skill but fortunately the genus is very easy to distinguish from all other
mayfly genera in Maine. As long as MDIFW’s guidelines are carefully
followed, there is no need for other mayfly taxa to be submitted for
species determinations. While Dr. Burian is amenable to reviewing
samples that come in with other mayfly genera, this should be kept to a
minimum in order to not overburden his time or the applicant’s budget.
 

3. The numbers and diversity of mayfly larvae submitted are
unusually low. Subtracting the stonefly larvae that were submitted as
part of the 2016 sample, only ~18 mayfly nymphs were collected in what
should have been a minimum of 18 net sweeps (6 survey sites/minimum
of 3 sweeps per site). This averages just one mayfly larvae per sweep.
While mayfly abundance and diversity can vary with habitat
characteristics, time of year, and stream conditions, these samples were
markedly depauperate if - as was acknowledged by TetraTech at the
time - all mayfly specimens of all genera were submitted. This suggests
that these sites may not have been effectively surveyed. [In comparison,
MDIFW surveys at just one site on Mink Brook in June 2009 yielded 28
mayfly nymphs of six different genera, including 10 Epeorus spp.]

 
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Beth I. Swartz
Wildlife Biologist
Reptile, Amphibian, and Invertebrate Group
Maine Department of Inland Fisheries and Wildlife
650 State Street
Bangor, ME 04401
(207) 941-4476
mefishwildlife.com | facebook | twitter
 
Correspondence to and from this office is considered a public record and may be subject to a
request under the Maine Freedom of Access Act.
Information that you wish to keep confidential should not be included in email correspondence.
 
From: Lin, Mao <Mao.Lin@tetratech.com> 
Sent: Thursday, March 26, 2020 3:09 PM
To: Swartz, Beth <Beth.Swartz@maine.gov>; Yorks, Derek <Derek.Yorks@maine.gov>
Cc: Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com>; Cassida, Jim
<Jim.Cassida@tetratech.com>
Subject: Moscow Renewable Energy Project
 
Hi Beth and Derek,
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I wanted to reach out on behalf of Patriot Renewables regarding survey guidance for a
proposed renewable energy project in Maine. The proposed project will take place in
the former radar fields and adjacent areas at the decommissioned US Air Force radar
site in Moscow and Caratunk and will consist of approximately 60 megawatts of wind
energy (11 5.5-megawatt turbines) and 20 megawatts of solar. Patriot is proposing to
replace an existing 115-kilovolt transmission line, so they do not anticipate a need to
expand or create a new transmission line corridor to direct generated electricity to the
substation at Wyman Dam. However, that transmission line does cross Chase Stream
and Mink Brook.
 
We have initiated agency consultation and recently received MDIFW’s biological survey
recommendations for the project (attached, for your reference). According to MDFIW,
both Roaring Brook mayfly and northern spring salamander have the potential to exist
in the area, thus MDIFW recommends that we characterize habitat suitability and
conduct surveys on likely habitat. Based on our desktop review and our knowledge of
the site, Chase Stream and Mink Brook are the only two streams that are within 250
feet of potential areas where work, including forest clearing, may take place (see
attached maps).
 
I would greatly appreciate it if you could provide me with the latest survey protocols for
Roaring Brook mayfly and northern spring salamander surveys and let me know if you
have any project-specific guidance. We will be contracting the mayfly work to Lotic and
plan to use our experienced staff to conduct the salamander work. This request is
somewhat time-sensitive, as we do need to send a SOW to Patriot for these surveys.
Please let me know if you anticipate a delay in your response.
 
Finally, you might recall that Tetra Tech conducted surveys of both Chase Stream and
Mink Brook back in 2016. However, that was for a different client, and that client has
chosen not to share their results and natural resource reports with Patriot Renewables.
 
Thanks in advance for your feedback! Please let me know if  you have any questions.
 
Mao
917-687-5838
 
 
Mao Lin | Wildlife Biologist
Direct (207) 358-2384 | Main (207) 358-2400 | Fax (207) 879-9481 | E-mail: 
mao.lin@tetratech.com

Tetra Tech | Complex World, Clear Solutions™ 
451 Presumpscot St., Portland, ME 04103 | tetratech.com
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  Please consider the environment before printing. Read More. 

This message, including any attachments, may include privileged, confidential and/or inside
information. Any distribution or use of this communication by anyone other than the intended
recipient is strictly prohibited and may be unlawful. If you are not the intended recipient, please
notify the sender by replying to this message and then delete it from your system.
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From: D"Auria, Danielle
To: Hengstenberg, Derek
Cc: Lin, Mao; Stratton, Robert D; Cassida, Jim
Subject: RE: Moscow Renewable Energy Great Blue Heron/Eagle Flight
Date: Wednesday, May 6, 2020 1:39:03 PM
Attachments: AerialSurveyImages.pdf

 CAUTION: This email originated from an external sender. Verify the source before opening links or
attachments. 

Thank you for the invitation, Derek.  I don’t think I would be permitted to fly given our social
distancing requirements right now.  Let me know if you need anything or have any questions.  I have
attached a pdf with images of heron colonies taken during aerial surveys, in case that is helpful to
get the search image down.
I look forward to hearing what you find.
Thank you,
Danielle
 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Danielle E. D'Auria
Wildlife Biologist, Bird Group
Maine Dept. Inland Fisheries & Wildlife
650 State St., Bangor, ME 04401
Phone: (207) 941-4478; Cell: (207) 485-8386
Fax: (207) 941-4450
Email: danielle.dauria@maine.gov
Website: http://www.maine.gov/ifw/
Blog: https://www1.maine.gov/wordpress/ifwheron/
Facebook: https://www.facebook.com/maineheron
 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
 

From: Hengstenberg, Derek <Derek.Hengstenberg@tetratech.com> 
Sent: Tuesday, May 05, 2020 2:55 PM
To: D'Auria, Danielle <Danielle.Dauria@maine.gov>
Cc: Lin, Mao <Mao.Lin@tetratech.com>; Stratton, Robert D <Robert.D.Stratton@maine.gov>;
Cassida, Jim <Jim.Cassida@tetratech.com>
Subject: Moscow Renewable Energy Great Blue Heron/Eagle Flight
 
EXTERNAL: This email originated from outside of the State of Maine Mail System. Do not click
links or open attachments unless you recognize the sender and know the content is safe.
Hello Danielle-
 
I just wanted to reach out and let you know that Tetra Tech on behalf of Patriot Renewables will be
conducting a joint eagle/great blue heron survey for the Moscow Renewable Energy project.   We
will be flying a 4 mile radius of the project site with the goal of documenting any great blue heron
rookeries or any eagle nests following MDIFW guidelines.   We have been coordinating with  USFWS
about this flight regarding the eagle side of things.  As it currently stands, we still have one spot open

in the helicopter if you have any interest in joining.  We are planning on flying on May 14th or May
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Aerial Survey Images 
from Great Blue Heron Surveys


• The following photos are intended to show examples of what a great blue 
heron colony may look like from an airplane flown at low level (~200-300 ft
above ground).


• For photos in which the nests may not be obvious, they are pointed out on 
the next slide with a circle around a cluster of nests, arrows pointing to 
nest trees, or dots placed on each nest.


• Please don’t use these photos without permission from MDIFW.
• For more information, contact Danielle D’Auria: (207) 941-4478 or 


danielle.dauria@maine.gov.  
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21. 
 
Let us know if you have any questions.
 
Thanks
 
Derek
 
Derek Hengstenberg, CWB® | Senior Ecologist/ Project Manager
Direct 207-358-2401 | Business 207-358-2400| Mobile 908-616-0436 | derek.hengstenberg@tetratech.com
 
Tetra Tech | Complex World, Clear SolutionsTM 
451 Presumpscot Street, Portland, Maine 04103 | tetratech.com 

This message, including any attachments, may include privileged, confidential and/or inside information. Any distribution or
use of this communication by anyone other than the intended recipient is strictly prohibited and may be unlawful. If you are
not the intended recipient, please notify the sender by replying to this message and then delete it from your system.

Please consider the environment before printing. Read More.
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