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Executive Summary

As the Nation shifts to renewable 
energy production to supplant the 
need for carbon^based fud, wind 
energy will be an important source 
of power. As wind energy production 
increases, both developers and 
wildlife ^ncies have recognized 
the need ibr a system to evaluate 
and address the potential negative 
impacts of wind energy projects on 
species of concern. These voluntary 
Guidelines provide a structured, 
scientific process for addressing 
wildlife conservation concerns at all 
stages of land-based wind energy 
development. Hiey also promote 
effective communication among wind 
enei^ developers and federal, state, 
and local conservation agencies and 
tribes. When used in concert with 
appropriate regulatory tools, the 
Guidelines form the best practical 
approach for conserving species 
of concern. The Guidelines have 
been developed by the Interior 
Departments U.S. Fish and VWIdlife 
Se^ce (Service) working with the 

Tlirbine Guidelines Advisory 
Committee. They replace int^nm 
voluntary guidance published by the 
Service in 2003.

The Guidelines discuss various 
risks to “species of concern” from 
wind energy projects, including 
coUirions with wind turbines and 
associated infrastructure; loss 
and degradation of habitat from 
turbines and Infrastructure; 
fragmentation of large habitat 
blocks into smaller segments that 
may not support sensitive species; 
displacement and behavior^ 
changes; and indirect effects such 
as increased predator populations 
or introduction of invasive plants. 
The Guidelines assist developers 
in identifying species of concern 
that may potentially be affected by 
their proposed project, including 
migratory birds; bats; bald and

golden ea^es and other birds of 
prey; prairie and sage grouse; 
and listed, proposed, or candidate 
endangered and threatened 
species. Vi^d energy development 
in some areas may be precluded 
by federal law; otiier areas may 
be inappropriate for development 
because they have been recognized

having high wildlife value based 
on their ecological rarity and 
Intactness.

The Guidelines use a “tiered 
approach” for assessing potential 
adverse effects to species of concern 
and their habitats. The tiered 
approach is an iterative decision
making process for collecting 
information in increasing detail; 
quantifying the possible risks of 
proposed wind energy projects 
to species of concern and their 
habitats; and evaluating those risks 
to make siting, construction, and 
operation decisions. During the 
pre-construction tiers (Tiers 1,2, 
and 3), developers are working to 
identify, avoid and minimize risks to 
species of concern. During post
construction tiers (Tiers 4 and 6), 
developers are assessing whether 
actions taken in earlier tiers to 
avoid and minimis impacts are 
successffiliy achieving the goals and, 
when necessary, taking additional 
steps to compensate for impacts. 
Subsequent tiers refine and build 
upon issues raised and efforts 
undertaken in previous tiers. Each 
tier offers a set of questions to help 
the developer evaluate the potential 
risk associated with developing a 
project at the given location.

Briefly, the tiers addre.<$s:

• Tier 1-Preliminary site 
evaluation (landscape-scale 
screening of possible project 
sites)

• Tier 2-Site characterization 
(broad characterization of one 
or more potential project sites)

• Tier3-Field studies to 
document she wildlife and 
habitat and predict project 
impacts

• Tier 4-Post-construction 
studies to ratimate impacts'

• Tier 6-Other post
construction stiidies and 
research

The tiered approach provides the 
opportunity for evaluation and 
declslon-maldng at each stage, 
enabling a developer to abandon or 
proceed with project development, 
or to collect additional information 
if required. This approach does 
not require that every tier, or 
every element within each tier, be 
implemented for every project.
The Service anticipates that many 
distributed or community facilities 
will not need to follow the Guidelines 
beyond Tiers land 2. Instead, the 
tiered approach allows efficient use 
of developer and \rildUfe agency 
resources with Increasing levels of 
effort

If sufficient data are available 
at a particular tier, the following 
outcomes are possible:

1. The project proceeds to the 
next tier in tiie development 
process without ad^tional 
data collection.

2. The project proceeds to the 
next tier in ^e development 
process with additional data 
collection.

3. An action or combination 
of actions, such as project

' The Service anticipates these studies will include fatality monitoring as uell as studies to evaluate habitat impacts. 
Vi
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modificsition, mitigation, 
or specific post-construction 
monitoring, is indicated.

4. The project site is abandoned 
because the risk is considered 
unacceptable.

If data ai*e deemed insufficient 
at a tier, more intensive study is 
conducted in the subsequent tier 
until sufficient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project.

The most important thing a 
developer can do is to consult with 
the Service as early as possible in 
the development of a wind energy 
project. Early consultation offers 
the greatest opportunity for

avoiding areas where development 
is precluded or where wildlife 
impacts are likely to be high 
and difficult or costly to remedy 
or mitigate at a later stage. By 
consulting early, project developers 
can also incorporate appropriate 
wildlife conservation measures and 
monitoring into their decisions about 
project siting, design, and operation.

Adherence to the Guidelines is 
voluntary and does not relieve any 
individual, company, or agency of 
the responsibility to comply with 
laws and regulations. However, if 
a violation occurs the Service will 
consider a developer’s documented 
efforts to communicate with 
the Service and adhere to the 
Guidelines. The Guidelines include 
a Communications Protocol which

provides guidance to both developers 
and Service personnel regarding 
appropriate communication and 
documentation.

The Guidelines also provide 
Best Management Practices for 
site development, construction, 
retrofitting, repowering, and 
decommissioning. For additional 
reference, a glossary of terms and 
list of literature cited are included in 
the appendices.

United States > Annual Average Wind Speed at 80 m

m

Soim: VM meum tttrcMtt a«i»tQp«d by AWS Tnapaumc. 
UC tor MidNavftUrtt \Mi MpMrmnwidiav^MixeBrn | 
Nlp/Nwwi —ilrmpB—» earn. Soiui ra$okMn ol wttd wiauw 
Mta.3Skm PinMMm:AMr«E4utf Aim WOSM

-■^^AWSTrue(:)ov.-.;-<- JiJNREL

tVind Aesouite CrvdiL SRBL



^ r

,: ; ■■.;,■;■

W 'fef :

’■;m
• ■ •-.•J-.- k*^

g.- |^-^y-.V.'.V..,?
- ________ ■• - I If. . *

mf^' *

*%r'gr-,4t-. ■». -^5^^ •••r'.r^^fc,..^'I-< -,t^. -r^.
^ 9 •■ . ' * 1 V

w

--•*■•■♦■_:> wsafai V.



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

Chapter 1 - General Overview

The mission of the U.S. Fish and 
Wildlife Service (Service) is working 
with others to conserve, protect and 
enhance Ash, wildlife, plants and 
their habitats for the continuing 
benefit of the American people. As 
part of this, the Service implements 
statutes including the Endangered 
Species Act, Migratory Bird IVeaty 
Act, and Bald and Golden Ea^e 
Protection Act. These statutes 
prohibit taking of federally listed 
species, migratory birds, and eagles 
unless otherwise authorized.

Recent studies have documented 
that wind energy facilities can kill 
birds and bats. Mortality rates 
in fatalities per nameplate MW 
per year vary among facilities and 
regions. Studies have indicated that 
relatively low raptor (e.g., hawks, 
eagles) fatality rates exist at most 
m^ern wind energy developments 
with the exception of some facilities 
in California and Wyoming. Ibrbine- 
related bat deaths have b^ 
reported at each wind facility to 
date. Generally, studies in the West 
have reported lower rates of bat 
fatalities than facilities in the East. 
There is still much uncertainty 
regarding geographic distribution 
and causes of bat fatalities (^^VCC 
2010).

These Guidelines are intended to:

(1) Promote compliance 
with relevant wildlife laws 
and regulations;

(2) Encourage scientificdly 
rigorous survey, monitoring, 
assessment, and research 
designs proportionate to the 
risk to species of concern;

(3) Produce potentially 
comparable data across the 
Nation;

(4) Mitigate, including avoid, 
minimize, and compensate 
for potential adverse effects 
on species of concern and 
their habitats; and,

(5) Improve the ability to 
pr^ct and resolve effects 
locally, regionally, and 
nationally.

As the United States moves to 
expand wind enei^ production, 
it must maintain and protect 
the Nation’s wildlife and teeir 
habitats, which wind energy 
production can negatively affect 
As with all responsible energy 
development, wind energy projects 
should adhere to high standards 
for environmental protection. With 
proper diligence paid to siting, 
operations, and management of 
projects, it is possible to mitigate 
for adverse effects to wildlife, 
and their habitats. This is best 
accomplished when the wind energy 
project developer communicates as 
early as possible with the Service 
and other stakeholders. Such 
early communication allows for tiie 
greatest range of development and 
mitigation options. The following 
webrite contains contact information 
for the Service Regional and Field 
offices as well as State wildlife 
agencies: http:/Avww.fw8.gov/offlceV 
statelinks.html.

In response to Increasing wind 
energy development in the United 
States, the Service released a set 
of voluntary, interim guidelines for

reducing adverse effects to fish and 
wildlife resources from wind energy 
projects for public comment in July 
2003. After the Service reviewed tee 
public comments, the Secretary of 
the Interior (Secretary) established 
a Federal Advisory Committee? to 
provide recommendations to revise 
the guidelines related to land- 
based wind energy fadlities. In 
March 2007, the U.S. Department 
of the Interior established the 
l^d HuHbine Guidelines Advisory 
Committee (the Committee).
The Committee submitted its 
final Recommended Guidelines 
(Recommendations) to the Secretary 
on March 4,2010. llie Service used 
the Recommendations to develop 
Its X^and-Based Wind Energy 
Guidelines.

The Service encourages project 
proponents to use the process 
described in these voluntary Land- 
based Wind Energy Guidelines 
(Guidelines) to address risks to 
species of concern. The Service 
intends that these Guidelines, when 
used in concert with the appropriate 
regulatory tools, will form the best 
practical approach for conservation 
of species of concern.

Statutory Authorities

These Guidelines are not intended 
nor shall they be construed to 
limit or preclude the Service from 
exercising its authority under any 
Ian; statute, or regulation, or ffom 
conducting enforcement action 
against any individual, company, 
or agency. They are not meant to 
relieve any individual, company, or 
agency of its obligations to comply 
with any applicable federal, state.

* Committee membership, from 2008 to 2011, has included: Ihbcr Allison, Massachusetts Audubon; Dick Anderson, California Energy 
Commission; Ed Arnett, Bat Conservation International; Michael Azeka, AES Wind Generation; Thomas Bancroft, National iUriubon; Kathy 
Boydston. Tbxas I^ks and Wndlifc Department; Ren£ Braud, EDP Renewables; Scott Darling, Vermont Fish and WtldUfe Dcpmlment; Michael 
Daulton, National Audubon; Almce Delach, Defenders of Wildlife; Karen Douglas, California Enei^ Commission; Sam Snilcld, MAP Royalty; 
Greg Hueckel, Washington Department of Fish and Wildlife; Jeri Lawrence, Blackfeet Nation; Steve Lindenberg, U.S. Department of Energy; 
Andy Linehan, Iberdrola Renewables; Rob Manes, The Nature Conservancy, Kansas; Winifred ftsrkins, NextEra Energy Resources; Steven 
Quartos, Crowell & Moring; Rich Boyh'ill, Rldgeline Energy; Robert Rebel, Kansas State University; Keidi Soxson, Assodation of Fish and 
Wildlife Agencies; Mark Sinclair, Clean Energy States Alliance; David Stout, U.S. Fish and Vt^iUifc Service; I^trick TVaylor, Lovells.

t
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tribal, or local laws, statutes, or 
regulations. The Guidelines do not 
prevent the Service from referring 
violations of law for enforcement 
when a company has not followed the 
Guidelines.

Ultimately it is the responsibility 
of those involved with the planning, 
design, construction, operation, 
maintenance, and decommissioning 
of wind projects to conduct relevant 
wildlife and habitat evaluation and 
determine, which, if any, species 
may be affected. The results of 
these analyses will inform all efforts 
to achieve compliance with the 
appropriate jurisdictional statutes. 
Project proponents are responsible 
for complying with applicable state 
and local laws.

Migratory Bird Treaty Act

The Migratory Bird TVeaty Act 
(MBTA) is the cornerstone of 
migratory bird conservation and 
protection in the United States. The 
MBTA implements four treaties that 
provide for international protection 
of migratory birds. It is a strict 
liability statute, meaning that proof 
of intent, knowledge, or negligence 
is not an element of an MBTA 
violation. The statute's language 
is clear that actions resulting in a 
“taking” or possession (permanent 
or temporary) of a protected species, 
in the absence of a Service permit 
or regulatory authorization, are a 
violation of the MBTA.

The MBTA states, “Unless and 
except as permitted by regulations 
... it shall be unlawful at any time, 
by any means, or in any manner 
to pursue, hunt, take, capture, kill 
... possess, offer for sale, sell... 
purchase... ship, export, import... 
transport or cause to be transported 
... any migratory bird, any part, 
nest, or eggs of any such bird .... 
[The Act] prohibits the taking, 
killing, possession, transportation, 
import and export of migratory 
birds, their eggs, parts, and nests, 
except when specifically authorized 
by the Department of the Interior.” 
16 U.S.C. 703. The word “take” is 
defined by regulation as “to pursue,

hunt, shoot, wound, kill, trap, 
capture, or collect, or attempt to 
pursue, hunt, shoot, wound, kill, trap, 
capture, or collect." 60 CFR 10.12.

The MBTA provides criminal 
penalUes for persons who commit 
any of the acts prohibited by the 
statute in section 703 on any of the 
species protected by the statute.
See 16 U.S.C. 707. The Service 
maintains a list of all species 
protected by the MBTA at 50 CFR 
10.13. This list includes over one 
thousand species of migratory birds, 
including eagles and other raptors, 
waterfowl, shorebirds, seabirds, 
wading birds, and passerines. The 
MBTA does not protect introduced 
species such as the house (English) 
sparrow, European starling, rock 
dove (pigeon), Eurasian collared- 
dove, and non-migratory upland 
gamebirds. The Service maintains 
a list of introduced species not 
protected by the AcL See 70 F^d. 
Reg. 12,710 (Mar. 15,2005).

Bald and Golden Eagle Protection 
Act

Under authority of the Bald and 
Golden Eagle Protection Act 
(BGEPA), 16 U.S.C.
668-668d, bald eagles and 
golden eagles are afforded 
additional legal protection.
BGEPA proldbits the take, 
sale, pui'chase, barter, 
offer of sale, purchase, or 
barter, transport, export 
or import, at any time or 
in any manner of any bald 
or golden eagle, alive or 
dead, or any part, nest, or 
egg thereof. 16U.S.C. 668.
BGEPA also defines take 
to include “pursue, shoot, 
shoot at, poison, wound, 
kill, capture, trap, collect, 
molest, or disturb,” 16 
U.S.C. 668c, and includes 
criminal and civil penalties 
for violating the statute.
See 16 U.S.C. 668. The 
Service further defined the 
term “disturb” as agitating 
or bothering an eagle to a 
degree that causes, or is 
likely to cause, injury, or

either a decrease in productivity or 
nest abandonment by substantially 
interfering with normal breeding, 
feeding, or sheltering behavior. 50 
CFR 22.3. BGEPA authorizes the 
Service to permit the take of eagles 
for certain purposes and under 
certain circumstances, including 
scientific or exhibition purposes, 
religious purposes of Indian tribes, 
and the protection of wildlife, 
agricultural, or other interests, so 
long as that take is compatible with 
the preservation of eagles. 16 U.S.C. 
668a.

In 2009, the Service promulgated 
a final rule on two new permit 
regulations that, for the first 
time, specifically authorize the 
incidental take of eagles and eagle 
nests in certain situations under 
BGEPA. See 50 CFR 22.26 &
22.27. The permits authorize 
limited, non-purposeful (incidental) 
take of bald and golden eagles; 
authorizing individuals, companies, 
government agencies (including 
tribal governments), and other 
organizations to disturb or 
otherwise take eagles in the course 
of conducting lawful activities such 
as operating utilities and airports.

aaldEogte.CrtdiV USFWS
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Removal of active eagle nests would 
usually be allowed only when it is 
necessary to protect human safety or 
the eagles. Removal of inactive nests 
can be authorized when necessary 
to ensure public health and safety, 
when a nest is built on a human- 
engineered structure rendering it 
inoperable, and when removal is 
necessary to protect an interest 
in a particular locality, but only if 
the take or mitigation for the take 
will provide a clear and substantial 
beneflt to eagles.

lb facUitate issuance of permits 
under these new regulations, 
the Service has drafted Eagle 
Conservation Plan (ECP) Guidance. 
The ECP Guidance is compatible 
with these Land-Based Wind 
Energy Guidelines. The Guidelines 
guide developers through the 
process of project development and 
operation. If eagles ai'e identified 
as a potential risk at a project site, 
developers are strongly encouraged 
to refer to the ECP Guidance. TTie 
ECP Guidance describes specific 
actions that are recommended 
to comply with the regulatory 
requirements in BGEPA for an eagle 
take permit, as described in 50 CFR 
22.26 and 2227. The ECP Guidance 
provides a national framework for 
assessing and mitigating risk .specific 
to eagles through development of 
ECPs and issuance of programmatic 
incidental takes of eagles at wind 
turbine facilities. The Service 
will make its final ECP Guidance 
available to the public through its 
website.

Endangered Species Act

The Endangered Species Act (16 
U.S.C. 1531-1544; ESA) was enacted 
by Congress in 19^ in recognition 
that many of our Nation’s native 
plants and animals were in danger of 
becoming extinct. The ESA directs 
the Service to identify and protect 
these endangered and threatened 
species and their critical habitat, and 
to provide a means to conserve their 
ecosystems, lb this end, federal 
agencies are directed to utilize 
their authorities to conserve listed 
species, and ensure that their actions

Indiana baL CrtdiL USFWS

are not likely to jeopardize the 
continued existence of these species 
or destroy or adversely modify their 
critical habitat. Federal agencies 
are encouraged to do the same with 
respect to “candidate” species that 
may be listed in the near future. The 
law is administered by the Service 
and the Commerce Department’s 
National Marine Fisheries Service 
(NMFS). Fbr information regarding 
species protected under the ESA, 
see: http://www.fw3.gov/endangered/.

The Service has primary 
responsibility for terrestrial and 
freshwater species, while NMFS 
generally has responsibility 
for marine species. These two 
agencies work with other agencies 
to plan or modify federal projects 
so that they will have minimal 
impact on listed species and their 
habitats. Protection of species is 
also achieved through partnerships 
with the states, through federal 
financial assistance and a system of 
incentives available to encourage 
state participation. The Service 
also works with private landowners, 
providing financial and technical 
assistance for management

actions on their lands to benefit both 
listed and non-listed species.

Section 9 of the ESA makes it 
unlawful for a person to “take” a 
listed species. 'Ibke is defined as ”... 
to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect 
or attempt to engage in any such 
conduct” 16 U.S.C. 1532(19). The 
terms harass and harm are forther 
defined in our regulations. See 50 
CFR 17.3. However, the Service 
may authorize “incidental take”
(take that occurs as a result of an 
otherwise legal activity) in two ways.

Ibke of federally listed species 
incidental to a lawful activity may 
be authorized through formal 
consultation under section 7(a)(2) of 
the ESA, whenever a federal agency, 
federal funding, or a federal permit 
is involved. Otherwise, a person may 
seek an incidental take permit under 
section 10(a)(1)(B) of the ESA upon 
completion of a satisfactory habitat 
conservation plan (HCP) for listed 
species. Developers not receiving 
federal funding or authorization 
should contact the Service to obtain 
an incidental take permit if a wind
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energy project is likely to result 
in take of listed threatened or 
endangered wildlife spedes. For 
more information regarding formal 
consultation and the requirements 
of obtaining HCPs, please see the 
Endangered Species Consultation 
Handbook at http:ZAvww.fw8.gov/ 
endangered/esa-libraryAndex. 
html#con8ultations and the 
Service’s HCP website, http://www. 
fwB.gov/endangered/what-we-do/ 
hcp-overview.html.

Implementation of the Guidelines

Because these Guidelines are 
voluntary, the Service encourages 
developers to use them as soon 
as possible after publication. To 
receive the considerations discussed 
on page 6 regarding enforcement 
priorities, a wind energy project 
would fall into one of three general 
categories relative to timing and 
implementation:

• For projects initialed after 
publication, the developer has 
applied the Guidelines, including 
the tiered approach, through site 
selection, design, construction, 
operation and post-operation 
phases of the project and has 
communicated and shared

information with the Service and 
considered its advice.

• For projects initiated prior to 
publication, the developer should 
consider where they are in the 
planning process relative to the 
appropriate tier and inform the 
Service of what actions they will 
take to apply the Guidelines.

• For projects operating at the 
time of publication, the developer 
should confer with the Service 
regarding the appropriate period 
of fatality monitoring consistent 
with Tier 4, communicate and 
share information with the 
Service on monitoring results, 
and consider 'Her 5 studies
and mitigation options where 
appropriate.

Projects that are already under 
development or are in operation 
are not expected to start over or 
return to the beginning of a specidc 
tier. Instead, these projects should 
implement those portions of the 
Guidelines relevant to the current 
phases of the project per the bullets 
above.

The Service is aware that it will 
take time for Service Stas’ and 
other personnel, including wind 
energy developers and their 
biologists, to develop expertise 
in the implementation of these 
Guidelines. Service staff and many 
staff associated with the wind 
energy industry have been involved 
with developing these Guidelines. 
Therefore, they have a working 
knowledge of the Guidelines. Tb 
further refme their training, the 
Service will make every effort to 
offer an in-depth course within 6 
months of the final Guidelines being 
published.

The Communications Protocol on 
page 5 provides guidance to Service 
staff and developers in the exchange 
of information and recommendations 
at each tier in the process. Although 
the advice of the ^rvice is not 
binding, a developer should review 
such advice, and either accept or 
reject it. If they reject it, they

should contemporaneously document 
with reasoned justification why they 
did so. Although the Guidelines 
leave decisions up to the developer, 
the Service retains authority to 
evaluate whether developer efforts 
to mitigate impacts are sufficient, 
to determine significance, and to 
refer for prosecution any unlawful 
take that it believes to be reasonably 
related to lack of incorporation 
of Service recommendations or 
insufficient adherence with the 
Guidelines.
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Table 1. Suggested Communications Protocol
This table provides examples of potential communication opportunities between a wind energy project developer and 
the Service. Not sdl projects will follow all steps indicated below

TIER
Tlerl:
Pr^iminarysite
eyaluation

Tier 2; Site 
characterization

TierBt B^d 
studies and impact 
prediction

Tier 4: Post 
construction 
studies to estimate 
impacts

Tier 6: Other 
post-construction 
studies 
research

Project DeveloperiOperator Role
Landscape level assessment of habitat fw 
apedesofomceni
Request data sources for existing information 
and literature
Assess potential presence of species of 
concern, Including species of habitat 
fragmentation concern, likely to be on site 
Assess potential presence of plant 
communiti^ present on site that may provide 
habitat for species of concern 
Assess potential presence of critical 
congregation areas for spedes of concern 
One or more reconnaissance level site visit by 
biolo^t
Communicate results of site visits and other 
assessments with the Service 
Provide general information about the size 
and locadon of the project to the Service
Discuss mdent and dedgn of field studies to 
(xmduet with the Servk»
Conduct biolog^ studies 
Communicate results of all studio to Service 
^d office in a timely maimer 
Evalnate risk to ^ledes of concern from 
project constru^on and operation 
Identify ways to mitigate potential direct and 
^direct impacts of building and operating the 
project

Discuss extent and design of postrconstruction 
studies to conduct with the Service 
Conduct post-constnicUon studies to assess 
fatalities and habitat-related impacts 
Communicate results of all studies to Service 
field office in a timely manner 
If necessary, discuss potential mitigation 
strategies ^th Service
Maintain appropriate records of data collected 
fi^m studies
Communicate with the Service about the need 
for and derign of other studies and research to 
conduct with the Service, when ^pnqiriate, 
particularly when impacts exceed predicted 
levels
Communicate with the Service about ways 
to ev^uate cumulative impacts bn species 
of concern, particularly ^ledes of habitat 
firagmentation concern 
Conduct appropriate studies as n^ed 
Communicate results of studies with the 
Service
Identify potential mitigation strategies to 

reduce impacts and discuss them with the 
Sendee

Service Role
Provide lists of data sources and references, 
if requested

Provide species lists, for species of concern, 
including spedes of habitat fragmentation 
concern, for general area, if a^^L^8b]e 
Provide information regarding plant 
communities of concern, if avail^le 
Respond to information provided about 
findings of biologist site visit 
Identify initial concerns about site(s) based 
on available information 
Inform lead federal agendes of 
communications \rith wind project 
developers

Respond to requests to discuss field studies 
Advise project proponent about studies to 
conduct and metiu^ for conducting them 
Ckimmunicate with project proponentla) 
about r^ults of field stores and risk 
assessments
Communicate with project proponents(s) 
ways to mitigate pi^tial impacts of 
building and op^^g the project 
Inform lead federal agendes of 
cmnmuxtieations with wind project 
devek^^
Advise project operator on study design, 
induding duration of studies to collect 
adequate information 
Communicate with project operator about 
results of studies
Advise project operator of potential 
mitigation strat^es, when appropriate

Adv^ project proponents as to need for 
Tier 6 studies to address spedfic topics, 
Induding cumulative Im^cts, based on 
infmmation cdlected in Tiers 3 and 4 
Advise project proponents of methods and 
metrics to use in Tier 5 studies 
Communicate with pri^eet op^tor and 
consultants about results of Tier 6 stodies 
Advise project operator of potential 
mit^tion strat^es, when ai^ropriate, 
based <Hi Her 6 stu«fies
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ConHideration of the Guidelines in 
MDTA and BGEPA Enforcement

The Service urges voluntary 
adherence to the Guidelines and 
communication with the Service 
when planning and operating a 
facility. While it is not possible to 
absolve individuals or companies 
from MBTA or BGEPA liability, the 
Office of Law Enforcement focuses 
its resources on investigating 
and prosecuting those who take 
migratory birds without identifying 
and implementing reasonable and 
elective measures to avoid the 
take. The Service will regard a 
developer’s or operator’s adherence 
to these Guidelines, including 
communication with the Service, as 
appropriate means of identifying 
and implementing reasonable and 
effective measures to avoid the 
take of species protected under the 
MBTA and BGEPA® The Chief of 
Law Enforcement or more senior 
official of the Service will make 
any decision whether to refer for 
prosecution any alleged take of such 
species, and will take such adherence 
and communication fiilly into account 
when exercising discretion with 
respect to such potential referral. 
Each developer or operator will be 
responsible for maintaining internal 
records sufficient to demonstrate 
adherence to the Guidelines and 
response to communications from 
the Service. Examples of these 
records could include: studies 
performed in the implementation of 
the tiered approach; an internal or 
external review or audit process; a 
bird and bat conservation strategy; 
or a wildlife management plan.

If a developer and operator are not 
the same entity, the Service expects 
the operator to maintain sufficient 
records to demonstrate adherence to 
the Guidelines.

Scope and Project Scale of the 
Guidelines

The Guidelines are designed for 
“utility-scale” land-based wind

& i

CnmmunieationtcilhChruiyJohTuon-Utigkft. CrrdiL- Rachel London, USFWS

energy projects to reduce potential 
impacts to species of concern, 
regardless of whether they are 
proposed for private or public 
lands. A developer of a distributed 
or community scale wind project 
may find it useful to consider the 
general principles of the tiered 
approach to assess and reduce 
potential impacts to species of 
concern, including answering Tier 
1 questions using publicly available 
information. In the vast majority 
of situations, appropriately sited 
small wind projects are not likely to 
pose significant risks to species of 
concern. Answering Tier 1 questions 
will assist a developer of distributed 
or community wind projects, as well 
as landowners, in assessing the need 
to further communicate with the 
Service, and precluding, in many 
cases, the need for full detailed 
pre-construction assessments or 
monitoring surveys typically called 
for in Tiers 2 and 3. If landowners 
or community/distributed wind 
developers encounter problems 
locating information about specific 
sites they can contact the Service 
and/or state wildlife agencies to 
determine potential risks to species 
of concern for their particular 
project.

The tiered approach is designed 
to lead to the appropriate amount 
of evaluation in proportion to 
the anticipated level of risk that 
a project may pose to species 
of concern and their habitats.
Study plans and the duration and 
intensity of study efforts should 
be tailored specifically to the 
unique characteristics of each site 
and the corresponding potential 
for significant adverse impacts 
on species of concern and their 
habitats as determined through 
the tiered approach. This is why 
the tiered approach begins with 
an examination of the potential 
location of the project, not the size 
of the project In all cases, study 
plans and selection of appropriate 
study methods and techniques may 
be tailored to the relative scale, 
location, and potential for significant 
adverse impacts of the proposed site.

The Service considers a “project” 
to include all phases of wind 
energy development, including, 
but not limited to, prospecting, site 
assessment, construction, operation, 
and decommissioning, as well as 
all associated infrastructure and 
interconnecting electrical lines.
A “project site" is the land and 
airspace where development occurs

® With regard to eagles, this paragraph uill only apply when a project is not likely to result in take. IfTIcra 1,2, and/or 3 identify a potential to 
take oaglca, dovclopcra should consider developing an ECP and, if necessoT}; apply for a take pennit
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or is proposed to occur, including 
the turbine pads, roads, power 
distribution and transmission 
lines on or immediately adjacent 
to the site; buildings and related 
infrastructure, ditches, grades, 
culverts; and any changes or 
modifications made to &e original 
site before development occurs. 
Project evaluations should consider 
all potential effects to species of 
concern, which includes species 1) 
protected by the M6TA, BGEPA, or 
ESA (including candidate species), 
designated by law, regulation or 
other formal process for protection 
and/or management by the relevant 
agency or other authority, or that 
have shown to be significantly 
adversely affected by wind energy 
development; and 2) determined to 
be possibly affected by the project.

These Guidelines are not designed to 
address power transmission l^yond 
Uie point of interconnection to ^e 
transmission system.

Service Review Period

The Service is committed to 
providing timely responses.
Service Field Offices should 
typically respond to requests 
by a wind eneigy developer for 
ii^ormation and consult^on on 
proposed site locations (Tiers 1 
and 2), pre* and post-construction 
study designs (Tiers 3 and 4), and 
prop<^d mitigation (Tier 3) within 
60 calendar days. The request 
should be in writing to the Field 
Office and copied to the Regional 
Office with information about 
the proposed project, location(s) 
under consideration, and point of 
contact. The request should contain 
a description of ffie information 
needed from the Service. The 
Service v^l provide a response, 
even if it is to notify a developer of 
additional review time, within the 
60 calendar day review period. If 
the Service does not respond within 
60 calendar days of receipt of the 
document, then the developer can 
proceed through Tier 3 without 
waiting for Service input. If the 
Service provides comments at a

later time, the developer should 
incorporate the comments if feasible. 
It is particularly important that if 
data from Tier 1-3 ^di^ predict 
that the project is likely to produce 
significant adverse impacts on 
species of concern, the developer 
i^orm the Service of the actions it 
intends to implement to mitigate 
those impacts. Ifthe Service cannot 
respond within 60 calendar days, 
this does not relieve developers from 
their MBTA, BGEPA, and ESA 
responsibilities.

The tiered approach allows a 
developer in certain limited 
circumstances to move directly from 
Tier 2 to construction (e.g., adequate 
survey data for the site exists). The 
developer should notify the Service 
of this decision and give the Service 
60 calendar days to comment on the 
proposed project prior to initiating 
construction activities.

Introduction to tiie Decision 
Framework Using a llered Approach

The tiered approach provides a 
decision frameworic for collecting 
information in increasing detail to 
evaluate risk and m^e siting and 
operational decisions. It provides 
the opportunity for evaluation 
and decision>making at each tier, 
enabling a developer to proceed with 
or abandon project devdopment, 
or to collect additional information 
ifnec^sary. This approach does 
not require that every tier, or 
every element within each tier, be 
implemented for every project 
Instead, it allows efficient use of 
developer and wildlife agency 
resources with increasing levels of 
effort until sufficient information and 
the desired precision is acquired for 
the risk assessment

Figure 1 (“General FVamework of 
Tiered Approach”) illustrates the 
tiered approach, which consists of up 
to five iterative stages, or tiers:

• Tier 1-Preliminary site 
evaluation (landscape-scale 
screening of possible project 
sites)

• Tier 2-Site characterization 
(broad characterization of one or 
more potential project sit^)

• Tier 3-Field studies to document 
site wildlife and habitat and 
predict project impacts

• Tier 4-Post-construction stadies 
to estimate impacts^

• Her 5 - Other posticonstruction 
studies and research

At each tier, potential Issues 
associated with developing or 
operating a project are identified 
and questions formulated to guide 
the decision process. Chapters Two 
through Six outline the questions to 
be posed at each tier, and describe 
recommended methods and metrics 
for gathering the data needed to 
answer those questions.

The first three tiers correspond 
to ffie pre-construction ev^uation 
phase of wind energy development. 
At each of the three tiers, the 
Guidelines provide questions that 
developers should answer, followed 
by recommended methods and 
metiics to use in answering the 
questions. Some questions are 
repeated at each tier, with successive 
tiers requiring a greater investment 
in data collection to answer certain 
questions. For example, while Tier 
2 investigations may discover some 
bating information on federal or 
state-listed species and their use of 
the proposed development site, it 
may be necessary to collect empirical 
data in Her 3 studies to determine 
the presence of federal or state- 
listed species.

Developers decide whether to 
proceed to the next tier. Hmely 
communication and sharing of 
information will allow opportunities 
for the Service to provide, and 
developers to consider, technical 
advice. A developer should base the 
decision on the information obtained 
from adequately answering the 
questions In this tier, whether the 
methods used were appropriate for 
the site selected, and tiie resulting

* The Service anticipates these studies will include fatality monitoring os well as studies to evaluate habitat impacts.



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

Wind turbines iu Califantia. Credit Rachel London, USFWS

assessment of risk posed to species 
of concern and their habitats.

If suffldent data are available 
at a particular tier, the following 
outcomes are possible:

1. The project proceeds to the next 
tier in the development process 
without addition^ data collection.

2. The project proceeds to the next 
tier in the development process 
with additional data collection.

3. An action or combination 
of actions, such as project 
modihcation, mitigation, or specific 
post-construction monitoring, is 
indicated.

4. The project site is abandoned 
because the risk is considered 
unacceptable.

If data ai'e deemed insufficient 
at a tier, more intensive study is 
conducted in the subsequent tier 
until sufTicient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project.

The tiered approach used in 
these Guidelines embodies 
adaptive management by 
collecting increasingly detailed 
information that is used to make 
decisions about project design,

construction, and operation as 
the developer progresses through 
the tiers. Adaptive management 
is an iterative learning process 
producing improved understanding 
and improved management over 
time (Wiliams et al 2007). DOI 
has determined that its resource 
agencies, and the natural resources 
they oversee, could benefit from 
adaptive management. Use of 
adaptive management in DOI 
is guided by the DOI Policy on 
Adaptive Management DOI has 
adopted the National Research 
Council’s 2004 definition of adaptive 
management, which states:

“Adaptive management promotes 
flexible decision making that 
can be adjusted in the face of 
uncertainties as outcomes from 
management actions and other 
events become better understood. 
Careful monitoring of these 
outcomes both advances scientific 
understanding and helps adjust 
policies or operations as part of an 
iterative learning process. Adaptive 
management also recognizes the 
importance of natural variability in 
contributing to ecological resilience 
and productivity. It is not a ‘trial 
and error’ process, but rather 
emphasizes learning while doing. 
Adaptive management does not 
represent an end in itself, but rather 
a means to more effective decisions 
and enhanced benefits. Its true

measure is in how well it helps meet 
environmental, social, and economic 
goals, increases scientific knowledge, 
and reduces tensions among 
stakeholders."

This definition gives special 
emphasis to uncertainty about 
management effects, iterative 
learning to reduce uncertainty, and 
improved management as a result 
of learning. The DOI Adaptive 
Management Technical Guide is 
located on the web at: \nnv.doi.gov/ 
iniliatives/AdantiveManapement/
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Considering Risk in the Tiered 
Approach

In the context of these Guidelines, 
risk refers to the likelihood Uiat 
adverse impacts will occur to 
individuals or populations of species 
of concern as a result of wind 
energy development and operation. 
Estimates of fatality risk can be 
used in a relative sense, allowing 
comparisons among projects, 
alternative development designs, 
and in the evaluation of potential risk 
to populations. Because there are 
relatively few methods available for 
direct estimation of risk, a weightp 
of-evidence ^proach is often used 
(Anderson et 1999). Until such 
time that reliable risk predictive 
models are developed regarding 
avian and bat fatality and wind 
energy fu-ojects, estimates of risk 
would typically be qualitative, but 
should be based upon quantitative 
site information.

For the purposes of these 
Guidelines, risk can also be defined 
in the cont^t of populations, but 
that calculation is more complicated 
as it could involve estimating the 
reduction in population viabflity 
as indicated by demc^raphic 
metrics such as grow^ rate, size 
of the population, or survivorship, 
either for local populations, 
metapopulations, or entire species. 
For most populadons, risk cannot 
easily be reduced to a strict 
metric, especially in the absence of 
population viability models for most 
species. Consequently, estimating 
the quantitative risk to populations 
is usually beyond the scope of 
project studies due to the difficulties 
in evaluating these metrics, and 
therefore risk assessment will be 
qualitative.

Risk to habitat is a component of the 
evaluadon of populadon risk. In this 
context, the es^ated loss of habitat 
is evaluated in terms of the potendal 
for population level effects (e.g., 
reduced survival or reproducdon).

The assessment of risk should 
synthesize sufficient data collected 
at a project to esdmate exposure 
and predict impact for individuals 
and dielr habitats for the species

of concern, with what is known 
about the populadon status of these 
species, and in communication with 
the relevant wildlife agency and 
industry wildlife experts. Predicted 
risk of toese impacts could provide 
useful informadon for determining 
appropriate midgadon measures 
if determined to be necessary. In 
practice in the tiered approach, risk 
assessments conducted in Tiers 1 
and 2 require less informadon to 
reach a risk-based decision than 
those conducted at higher tiers.

Cumulative Impacts of Project 
Development

Cumulative Impacts are the 
comprehensive effect on the 
environment that results from the 
incremental impact of a project 
when added to other past, present, 
and reasonably foreseeable 
future actions. Developers are 
encouraged to work closely with 
federal and state agencies early 
in the project planning process to 
»!ces8 any existing information 
on the cumulative impacts of 
individual projects on species and 
habitats at risk, and to incorporate 
it into project development and 
any necessary wildlife studies. Tb 
achieve that goal, it is important 
that agencies and organi^tions take 
the following actions to improve 
cumulative impacts analysis*.

• review the range of development- 
routed significant adverse 
impacts;

• determinewhirii species of 
concern or their habitats within 
the landscape are most at risk of 
significant adverse impacts from 
wind development in conjunction 
uith other reasonably foreseeable 
significant adverse impacts; and

• make that data available for 
regional or landscape level 
analysis.

The magnitude and extent of the 
impact on a resom^ depend on 
whether the cumulative impacts 
exceed the capadty for resource 
sustainability and productivity.

For projects that require a federal 
permit, funding, or other federal 
nexus, the lead federal agency is 
required to include a cumulative 
impacts analysis in their National 
Environmental Policy Act (NEPA) 
review. The federal action agency 
coordinates with the developer to 
obtain the necessary information for 
the NEPA review and cumulative 
impacts analysis. To avoid project 
delays, federal and state agencies 
are encouraged to use exi&g 
wfidlife data for the cumulative 
impacts analysis imtil improved data 
are available.

Where there is no federal nexus, 
individual developers are not 
expected to conduct their own 
cumulative impacts analysis. 
However, a cumulative impacts 
analysis would help developers 
and other stakeholders better 
understand the significance of 
potential impacts on species of 
concern and their habitats.

Other Federal Agencies

Other federal agencies, such as 
the Bureau of Land Management, 
National Park Service, U.S. 
Dep^ment of Agriculture Fbrest 
Service and Rural Utility Service, 
Federal Energy Regulatory 
Commission and Department of 
Energy are often interested in 
and involved with wind project 
developments. These agencies 
have a variety of expertise and 
authorities they implement \^d 
project developers on public lands 
will have to comply with applicable 
regulations and policies of tiiose 
agencies. State and local agencies 
and Tribes also have additional 
interests and knowledge. The 
Service recommends that, where 
appropriate, wind project developers 
contact these agencies eariy in the 
tiered process and work closely with 
them throughout project planning 
and development to assure that 
projects address issues of concern 
to those agencies. The definition 
of ‘‘species of concern” in these 
Guidelines includes species which 
are trust resources of States and 
of federal agencies (See Glossary).
In those instances where a project 
may significantly affect State trust
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resources, wind energy developers 
should work closely with appropriate 
State agencies.

Relationship to Other Guidelines

These Guidelines replace the 
Service’s 2003 interim voluntary 
guidelines. The Service intends 
that these Guidelines, when used 
in concert with the appropriate 
regulatory tools, \vill form the best 
practical approach for conservation 
of species of concern, Fbr instance, 
when developers ftnd that a project

may affect an endangered or 
threatened species, they should 
comply with Section 7 or 10 of 
the ESA to obtain incidental take 
authorization. Other federal, 
state, tribal and local governments 
may use these Guidelines to 
complement their efforts to address 
wind energy development/wildlife 
interactions. They are not intended 
to supplant existing regional or 
local guidance, or landscape-scale 
tools for conservation planning, 
but were developed to provide a 
means of improving consistency

with the goals of the wildlife statutes 
that the Service is responsible for 
implementing. The Service will 
continue to work with states, tribes, 
and other local stakeholders on 
map-based tools, decision-support 
systems, and other products to 
help guide future development and 
conservation. Additionally, project 
proponents should utilize any 
relevant guidance of the appropriate 
jurisdictional entity, which will 
depend on the species and resources 
potentially affected by proposed 
development.

%1‘r.
-
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Pivtiffhont Anielope. CrtdiL Sieve Hillebroitd, USFWS
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Chapter 2: Tier 1 - Preliminary Site Evaluation

For developers taking a first look 
at a broad geographic area, a 
preliminary evaluation of the general 
ecological context of a potential 
site or sites can serve as useful 
preparation for working with the 
federal, state, tribal, and/or local 
agencies. The Service is available 
to assist wind energy project 
developers to identify potential 
wildlife and habitat issues and should 
be contacted as early as possible 
in the company's planning process. 
With this internal screening process, 
the developer can begin to identify 
broad geographic areas of high 
sensitivity due to the presence 
of: 1) large blocks of intact native 
landscapes; 2) intact ecological 
communities; 3) fragmentation- 
sensitive species' habitats; or 4) 
other important landscape-scale 
wildlife values.

Tier 1 may be used in any of the 
following three ways:

1. To identify regions where wind 
energy development poses 
significant risks to species
of concern or their habitats, 
including the fragmentation of 
large-sc^e habitats and threats to 
regional populations of federal- or 
state-listed species.

2. lb “screen” a landscape or set of 
multiple potential sites to avoid 
those with the highest habitat 
values.

3. lb begin to determine if a single 
identified potential site poses 
serious risk to species of concern 
or their habitats.

Tier 1 can offer early guidance 
about the sensitivity of the site 
within a larger landscape context; it 
can help direct development away 
from sites that will be associated 
with additional study need, greater 
mitigation requirements, and 
uncertainty; or it can identify those 
sensitive resources that will need

to be studied further to determine 
if the site can be developed without 
significant adverse impacts to 
the species of concern or local 
population(s). This may facilitate 
discussions with the federal, 
state, tribal, and/or local agencies 
in a region being considered for 
development. In some cases, Tier 1 
studies could reveal serious concerns 
indicating that a site should not be 
developed.

Developers of distributed or 
community scale wind projects 
are typically considering limited 
geographic areas to install turbines. 
Therefore, they would not likely 
consider broad geographic areas. 
Nevertheless, they should consider 
the presence of habitats or species of 
concern before siting projects.

Development in some areas may 
be precluded by federal law. This 
designation is separate from a 
determination tlvough the tiered 
approach that an area is not 
appropriate for development due 
to feasibility, ecological reasons, 
or other issues. Developers are 
encouraged to visit Service and 
other publicly available databases

or other available information 
during Tier 1 or Tier 2 to see if 
a potential wind energy area is 
precluded from development by 
federal law. Some areas may be 
protected from development through 
state or local laws or ordinances, 
and the appropriate agency 
should be contacted accor^gly. 
Service held offices are available to 
answer questions where they are 
knowledgeable, guide developers to 
databases, and refer developers to 
other agency contacts.

Some areas may be inappropriate 
for large scale development 
because they have been recognized 
according to scientifically credible 
information as having high wildlife 
value, based solely on their 
ecological rarity and intactness (e.g., 
Audubon Important Bird Areas,
The Natm*e Conservancy portfolio 
sites, state wildlife action plan 
priority habitats). It is important 
to identify such areas through the 
tiered approach, as reflected in 
Tier 1, Question 2 below. Many of 
North America's native landscapes 
are greatly diminished, with some 
existing at less than 10 percent of 
their pre-settlement occurrence.

Attu'oter'i pmiriechickeTi. Crrdit- Gary Halwnen, USFWS
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Herbaceous scrub«shrub steppe 
in the Pacific Northwest and old 
growth forest bi the Northeast 
represent such diminished native 
resources. Important remnants of 
these landscapes are identified and 
documented in various databases 
held by private conservation 
organizations, state wildlife agencies, 
and, in some cases, by the Service. 
Developers should collaborate with 
such entities spedfic^ly about such 
areas in the vicinity of a prospective 
project site.

tier 1 Questions

Questions at each tier help 
determine potential environmental 
risks at the landscape scale for 
Tier 1 and project s^e for Tiers 2 
and 3. Suggested questions to be 
considered for Tier 1 include:

1. Axe there species of concern 
present on the potential 
siteCs), or is habitat (including 
designated critical habitat) 
present for these species?

2. Does the landscape contain 
areas where development is 
precluded by law or areas 
designated as sensitive 
according to scientifically 
credible information?
Examples of designated areas 
include, but are not limited 
to: federally-designated 
critical habitat; high-priority 
conservation areas for non
government organizations 
(NGOs); or other local, state, 
regional, federal, tribal, or 
international categorizations.

3. Are there known critictd areas 
of wildlife congregation, 
including, but not limited to; 
maternity roosts, hibemacula, 
staging areas, winter ranges, 
nesting sites, migration 
stopovers or corridors, leks, 
or other areas of seasonal 
importance?

4. Are there large areas of intact 
hidiitat with the potential for 
fragmentation, with respect to 
species of habitat fragmentation

concern needing large 
contiguous blocks of habitat?

Tier 1 Methods and Metrics

Developers who choose to conduct 
Tier 1 investigations would generally 
be able to uti^e existing public or 
other readily available landscape- 
level maps and databases from 
sources such as federal, state, or 
tribal wildlife or natural heritage 
programs, the academic community, 
conservation organizations, or 
the developers’ or consultants’ 
own information. ’The Service 
recommends that developers 
conduct a review of the publicly 
available data. The analysis of 
available sites in the region of 
interest will be based on a blend 
of the information available in 
published and unpublished reports, 
wildUfe range distribution maps, and 
other such sources. The developer 
should check with the Service Held 
Office for data specific to uind 
energy development and wildlife at 
the landscape scale in Her 1.

Tier 1 Decision Points

The objective of the Tier 1 process 
is to help the developer ident^y a 
site or sites to consider further for 
wind energy development. Possible 
outcomes of this internal screening 
process include the following:

1. One or more sites are found 
within the area of investigation 
where the answer to each of the 
above Tier 1 questions is “no,” 
indicating a low probability of 
significant adverse impact to 
wildlife. The developer proceeds 
to Tier 2 investigations and 
characterization of the site
or sites, answering the 'Tier 2 
questions with site-specific data 
to confirm the validity of the 
preliminary indications of low 
potential for significant adverse 
impact

2. Ifa developer answers “yea” 
to one or more of the Tier 1 
questions, they should proceed 
to Tier 2 to further assess the 
probability of significant adverse

impacts to wildlife. A developer 
may consider abandoning the area 
or identifying possible means by 
which the project can be modified 
to avoid or minimize potential 
significant adverse impacts.

3. The data available in the sources 
described above are insufficient 
to answer one or more of the 
Tier 1 questions. The developer 
proceeds to Tier 2, with a specific 
emphasis on collecting the data 
necessary to answer &e Her 2 
questions, which are inclusive of 
those asked at Her 1.
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Chapter 3: Tier 2 - Site Characterization

At this stage, the developer has 
narrowed consideration down to 
specific sites, and additional data 
may be necessary to systematically 
and comprehensively characterize 
a potential site in terms of the risk 
wind energy development would 
pose to species of concern and their 
habitats. In the case where a site 
or sites have been selected without 
the Tier 1 preliminary evaluation of 
the general ecological context, Tier 
2 becomes the first stage in the site 
selection process. The developer 
will address the questions asked 
in Tier 1; if addressing the Tier 1 
questions here, the developer will 
evaluate the site within a landscape 
context. However, a distinguishing 
feature of Tier 2 studies is that they 
focus on site-specific information 
and should include at least one visit 
by a knowledgeable biologist to the 
prospective site<8). Because Tier 2 
studies are preliminary, normally 
one reconnaissance level site visit 
will be adequate as a ‘‘ground- 
truth” of available information. 
Notwithstanding, if key issues are 
identified that relate to varying 
conditions and/or seasons, Tier 2 
studies should include enough site 
visits during the appropriate times 
of the year to adequately assess 
these issues for the prospective 
site(s).

If the results of the site assessment 
indicate that one or more species 
of concern are present, a developer 
should consider applicable 
regulatory or other agency 
processes for addressing them. Fbr 
instance, if migratory birds and bats 
are likely to experience significant 
adverse impacts by a wind project at 
the proposed site, a developer should 
identify and document possible 
actions that will avoid or compensate 
for those impacts. Such actions 
might include, but not be limited 
to, altering locations of turbines or 
turbine arrays, operational changes, 
or compensatory mitigation. As 
soon as u developer anticipates that

a wind energy project is likely to 
result in a take of bald or golden 
eagles, a developer should prepare 
an ECP and, if necessary, apply 
for a programmatic take permit.
As soon as a developer realizes 
endangered or threatened species 
are present and likely to be aiTected 
by a wind project located there, a 
federal agency should consult with 
the Service under Section 7(a)(2) of 
the ESA if the project has a federal 
nexus or the developer should apply 
for a section 10(a)(1)(B) incident^ 
take permit if there is not a federal 
nexus, and incidental take of listed 
wildlife is anticipated. State, tribal, 
and local jurisdictions may have 
additional permitting requirements.

Developers of distributed or 
community scale wind projects 
are typically considering limited 
geographic areas to install turbines. 
Therefore, they would likely be 
familiar with conditions at the site 
where they are considering installing 
a turbine. Nevertheless, they should 
do preliminary site evaluations to 
determine the presence of habitats 
or species of concern before siting 
projects.

Tier 2 Questions

QuesUons suggested for Tier 2 
can be answered using credible, 
publicly available information that 
includes published studies, technical 
reports, databases, and information 
from agencies, local conservation 
organizaUons, and/or local experts. 
Developers or consultants working 
on their behalf should contact the 
federal, state, tribal, and local 
agencies that have jurisdiction 
or management authority and 
responsibility over the potential 
project

1. Are known species of concern 
present on the proposed site, or 
is habitat (including designated 
critical habitat) present for 
these species?

2. Does the landscape contain 
areas where development is 
precluded by law or designated 
as sensitive according
to scientifically credible 
information? Examples of 
designated areas include, but 
are not limited to: federally- 
designated critical habitat;

tIIP^T.’rWP*"' 1
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hig^-prioriiy conservation areas 
for NGOs; or other locid, sUite, 
regional, federal, tribal, or 
international categorizations.

3. Are there plant communities of 
concern present or likely to be 
present at the site(s)?

4. Are there known critical areas 
of congregation of species
of concern, including, but 
not limited to: maternity 
roosts, hibemacula, staging 
areas, winter ranges, nesting 
sites, migration stopovers or 
corridors, leks, or other areas of 
seasonal importance?

5. Using best available scientific 
information has the developer 
or relevant federal, state, tribal, 
and/or local agen<^ identified 
the potenticd presence of a 
population of a species of 
habitat fragmentotion concern?

6. Which species of birds and bats, 
especially those known to be at 
risk by wind energy facilities, 
are likely to use the proposed 
site based on an assessment of 
site attributes?

7. Is there a potential for 
significant adverse impacts to 
species of concern based on the 
answers to the questions above, 
and considering the design of 
the proposed project?

Tier 2 Mediods and Metrics

Obtaining answers to Tier 2 
questions will involve a more 
thorough review of the existing 
site-specific information than in 
Tierl. Tier 2 site characterizations 
studies will generally contain three 
elements:

1. A review of existing information, 
induding existing publish^ or 
available literature and databases 
and maps of topography, land 
use and land cover, potential 
wetlands, wildlife, habitat, and 
sensitive plant distribution. If 
agencies have documented 
potential habitat for species of 
habitat fragmentation concern,

this information can help with the Specific resources that can help
analyst. answer each Tier 2 question include:

2. Contact with agenci^ and 
organizations that have relevant 
scientific information to further 
help identify if there are bird, 
bat or other wildlife issues. The 
Service recommends that the 
developer make contact with 
federal, state, tribal, and local 
agencies that have jurisdiction or 
management authority over tiie 
project or information about the 
potentially affected resources.
In addition, because key NGOs 
and relevant local groups are 
often valuable sources of relevant 
local environment information, 
the Service recommends that 
developers contact key NGOs, 
even if confidentitty concerns 
preclude the developer from 
identifying specific project 
location ii^ormation at this 
stage. These contacts also 
provide an opportunity to identify 
other potential issues and data 
not already identified by the 
developer.

3. One or more reconnaissance 
level site visits by a wildlife 
biologist to evaluate current 
vegetation/habitat coverage 
and land management/use. 
Current habitat and land use 
practices will be noted to help in 
determining the baseline against 
which potential impacts from 
the project would be evaluated. 
The vegetation/habitat will be 
used for identifying potential 
bird and bat resources occurring 
at the site and (he potential 
presence of, or suiUble habitat 
for, species of concern. Vegetation 
types or habitats will be noted 
and evaluated against available 
information such as land use/Iand 
cover mapping. Any sensitive 
resources located during the site 
visit will be noted and mapped or 
digital location data recorded for 
future reference. Any individuals 
or signs of species of concern 
observed during the site visit 
will be noted. If land access 
agreements are not in place, 
access to the site will be limited to 
public roads.

1. Are known species of concern 
present on the proposed site, or 
is habitat (including designated 
critical habitat) present for 
these species?

Information review and agency 
contact: locations of state and 
federally listed, proposed and 
candidate species species 
of concern are frequently 
documented in state and federal 
wildlife databases. Examples 
include published literature such 
as: Natural Heritage Databases, 
State WUdUfe Action Plans, NGOs 
publications, and developer and 
consultant information, or can 
be obtained by contacting these 
entities.

Site\^it; lb the extent 
practicable, the site visitCs) should 
evaluate the suitability of habitat 
at the site for species identified 
and the likelihood of the project 
to adversely affect the species of 
concern that may be present

2. Does the landscape contain 
areas where development is 
precluded by law or designated 
as sensitive according
to scientifically credible 
information? Examples of 
designated areas include, but 
are not limited to: federally- 
designated critical habitat; 
lugh-priorify conservation areas 
for NGOs; or other local, state, 
regional, federal, tribal, or 
international categorizations.

Information review and agency 
contact such as: maps of political 
and administrative boun(^es; 
National Wetland Inventory 
data files; USDS National Land 
Cover data maps; state, federal 
and tribal agenpy data on areas 
that have been designated to 
preclude development, including 
wind energy development; State 
l^ldllfe A^on Plans; State 
Land and Water Resource Plans; 
Naturd Heritage databases; 
scientifically credible information 
provided by NGO and local
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resources; and the additional 
resources listed in Appendix C: 
Sources of Information Pertaining 
to Methods to Assess Impacts 
to Wldlife of this document, or 
through contact of agencies and 
NGOs, to determine the presence 
of high priority habitats for 
species of concern or conservation 
areas.

Site Visit: To the extent 
practicable, the site visit(s) should 
characterixe and evaluate the 
uniqueness of the site vegetation 
relative to surrounding areas.

3. Are plant communities of 
concern present or likely to be 
present at the site(s)?

Information review and agency 
contact such as: Natural Heritage 
Data of state rankings (SI, S2, S3) 
or globally (Gl, G2, G3) ranked 
rare plant communities.

Site Visit: lb the extent 
practicable, the site visit should 
evaluate the topography, 
physiographic features and 
uniqueness of the site vegetation 
in relation to the surrounding 
region. Ifplant communities of 
concern are present, developers 
should also assess in Tier 3 
whether the proposed project 
poses risk of significant adverse 
impacts and opportunities for 
mitigation.

4. Arc there known critical areas 
of wildlife congregation. 
Including, but not limited to, 
maternity roosts, hibernacula, 
staging areas, winter ranges, 
nesting sites, migration 
stopovers or corridors, leks, 
or other areas of seasonal 
importance?

Information review and agency 
contact such as: existing 
databases, State Wildlife Action 
Plan, Natural Heritage Data, and 
NGO and agency information 
regarding the presence of 
Important Bird Areas, migration 
corridors or stopovers, leks, bat 
hibernacula or maternity roosts, 
or game winter ranges at the site 
and in the surrounding area.

Site Visit: To the extent 
practicable, the site visit should, 
during appropriate times to 
adequately assess these issues 
for prospective site(s), evaluate 
the topography, physiographic 
features and uniqueness of the 
site in relation to the surrounding 
region to assess the potential for 
the project area to concentrate 
resident or migratory birds and 
bats.

5. Using best available scientific 
information, has the relevant 
federal, state, tribal, and/
or local agency determined 
the potential presence of a 
population of a species of 
habitat fragmentation concern?

If not, the developer need not 
assess impacts of the proposed 
project on habitat fragmentation.

Habitat fragmentation is defined 
as the separation of a block 
of habitat for a species into 
segments, such that the genetic 
or demographic viability of the 
populations surviving in the 
remaining habitat segments is 
reduced; and risk, in this case, 
is defined as the probability that 
this fragmentation will occur as a 
result of the project. Site clearing, 
access roads, transmission lines 
and turbine tower arrays remove 
habitat and di.splace some species
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of wildlife, and may d'agment 
continuous habitat areas into 
smaller, isolated tracts. Habitat 
fragmentation Is of particular 
concern when species require 
large pauses of habitat for 
activities such as breeding and 
foraging.

Consequences of isolating local 
populations of some species 
include decreased reproductive 
success, reduced genetic diversity, 
and Increased susceptibility to 
chance events (e.g. disease and 
natural disasters), which may lead 
to extirpation or local extinctions. 
In addition to displacement, 
development of vtind enetgy 
infhistructure may result in 
additioi^l loss of habitat for some 
species due to “edge effects” 
resulting &om the break-up of 
continuous stands of similar 
vegetation resulting in an interface 
(edge) between two or mot^ types 
of vegetation. The extent of ^ge 
effects wiU vary by species and 
may result in adverse impacts 
from such effects as a greater 
susceptibility to colonization by 
invasive species, increased risk of 
predation, and competing species 
favoring landscapes with a mosaic 
of vegetation.

Site Visit: If the answer to Tier 
2 Question 5 is yes, developers 
should use the general 
framework for evaluating habitat 
fragmentation at a project site in 
Tier 2 outlined below. Developers 
and the Service may use this 
method to analyze the impacts 
of habitat fragmentation at wind 
development project sites on 
species of habitat fragmentation 
concern. Service field ofilces may 
be able to provide the available 
information on habitat types, 
quality and intactness. Devdopers 
may use this information in 
combination with site-specific 
Information on the potential 
habitats to be impacted by a 
potential development and how 
they will be impacted.

Genpral F\^me\york for Evaluating
Habitat PVagmentation at a Pmiect
Site (Tier 2)

A. The developer should define
the study area. The study area 
should not only include the 
project for the proposed
project, but be based on the 
distribution of habitat for the 
local population of the species of 
habitat fragmentation concern.

B. The developer should analyze 
the current habitat quality and 
spatial conliguration of the study 
area for the species of habitat 
fragmentation concern.

i. Use recent aerial and remote 
imagery to determine distinct 
habitat patches, or boundaries, 
within the study area, and
the extent of existing habitat 
fragmenting feature (e.g., 
highways).

ii. Assess the level of 
fragmentation of the existing 
habitat for the species of 
habitat fragmentation concern 
and categorize into three 
classes:

• High quality: little or no 
apparent fragmentation of 
intact habitat

• Medium quality: intact 
habitat e:^biting some 
recent disturbance activity

• Low quality: Extensive 
fragmentation of habitat 
(e.g., row-cropped 
agricultural lands, active 
surface mining areas)

G. The developer should determine 
potential changes in quality and 
spatial configuration of the habitat 
in the study area if development 
were to proceed as proposed 
using existing site information.

D. The developer should provide the 
collective information from steps 
A-C for all potential developments 
to the Service for use in assessing 
whether the habitat impacts, 
including habitat fragmentation, 
are likely to affect population 
viability of the potentially affected 
species of habitet fragmentation 
concern.

6. Which species ofbirds and bats, 
especially those known to be at 
risk by wind energy facilities, 
are likely to use the proposed 
site based on an assessment of 
site attributes?

Information review and agency 
contact: existing published 
information and databases from 
NGOs and federal and state 
resource agencies regarding the 
potential presence of:

• Raptors: species potentially 
present by season

• Prairie grouse and sage 
grouse: species potentially 
present by season and location 
of known leks

• Other birds: species 
potentially present by season 
that may be at risk of collision 
or adverse impacts to habitat, 
including loss, displacement 
and fragmentation

• Bats: species likely to be 
impact^ by wind energy 
fa<^ties and likely to occur on 
or migrate through the site

Site\^it: To the extent 
practicable, the site visit(s) 
should identify landscape 
features or habitats that could 
be important to raptors, prairie 
grouse, mid other birds tiiat 
may be at risk of adverse 
impacts, and bats, including 
nesting and brood-rearing 
habitats, areas of high prey 
density, movement corridors 
and features such as ridges 
that may concentrate raptors. 
Raptors, prairie grouse, and 
other presence or sign of 
species of concern seen during 
the site visit ^ould be noted, 
with species identification if 
p(^ible.

7. Is there a potential for 
signlfrcant adverse impacts to 
species of concern based on the 
answers to the questions above, 
and considering the design of 
the proposed project?
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The developer has assembled 
answers to the questions above 
and should make an initial 
evaluation of the probability 
of significant adverse impacts 
to species of concern and their 
habitats. The developer should 
make this evaluation based on 
assessments of the potential 
presence of species of concern 
and theu' habitats, potential 
presence of critical congregation 
areas for species of concern, and 
any site visits. The developer is 
encouraged to communicate the 
results of these assessments with 
the Service.

Tier 2 Decision Points

Possible outcomes of Her 2 include
the following:

1. The most likely outcome of Tier 2 
is that the answer to one or more 
Tier 2 questions is inconclusive to 
address wildlife risk, either due 
to insufficient data to answer the 
question or because of uncertainty 
about what the answers indicate. 
The developer proceeds to Tier 3, 
formulating questions, methods, 
and assessment of potential 
mitigation measures based on 
issues raised in Tier 2 results.

2. Sufficient information is 
available to answer all Tier 2 
questions, and the answer to 
each Tier 2 question indicates 
a low probability of significant 
adverse impact to wildlife (for 
example, infill or expansion of an 
existing facility where impacts 
have been low and Tier 2 results 
indicate that conditions are 
similar, therefore wildlife risk is 
low). The developer may then 
decide to proceed to obtain state 
and local permit (if requii^ed), 
design, and construction following 
best management practices (see 
Chapter 7: Best Management 
Practices).

3. Sufficient information is available 
to answer all Tier 2 questions, and 
the answer to each Her 2 question 
indicates a moderate probability 
of signihcanl adverse impacts
to species of concern or their

habitats. The developer should 
proceed to Tier 3 and identify 
measures to mitigate potential 
significant adverse impacts to 
species of concern.

4. The answers to one or more 
Tier 2 questions indicate a high 
probability of significant adverse 
impacts to species of concern or 
their habitats that:

a) Cannot be adequately 
mitigated. The proposed site 
should be abandon^.

b) Can be adequately mitigated. 
The developer should 
proceed to Tier 3 and identify 
measures to mitigate potential 
significant adverse impacts
to species of concern or their 
habitats.

Greoter ioge ipmuK, Credit Stephen Ting, USFWS
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Chapter 4: Tier 3 - Field Studies to Document Site 

Wildlife and Habitat and Predict Project Impacts
Tier 3 is the first tier in which 
a developer would conduct 
quantitative and scientifically 
rigorous studies to assess the 
potential risk of the proposed 
project. Specifically, these studies 
provide pre-constniction information 
to:

• Rirther evaluate a site for 
determining whether the 
wind energy project should be 
developed or abandoned

• Design and operate a site to avoid 
or minimize significant adverse 
impacts if a decision is made to 
develop

• Design compensatory mitigation 
measures if significant adverse 
habitat impacts cannot acceptably 
be avoided or minimized

• Determine duration and level 
of effort of post-construction 
monitoring. If warranted, 
provide the pre-construction 
component of post-construction 
studies necessary to estimate and 
evaluate impacts

At the beginning of Tier 3, a 
developer should communicate 
with the Service on the pre
construction studies. At the 
end of Tier 3, developers should 
communicate \vith the Service 
regarding the results of the Tier 3 
studies and consider the Service’s 
comments and recommendations 
prior to completing the Tier 3 
decision process. The Service will 
provide written comments to a 
developer that identify concerns 
and recommendations to resolve the 
concerns based on study results and 
project development plans.

Not all Tier 3 studies will continue 
into Tiers 4 or 5. Fbr example, 
surveys conducted in Tier 3 for 
species of concern may indicate one 
or more species are not present at 
the proposed project site, or siting 
decisions could be made in Tier 3 
that remove identified concerns, thus 
removing the need for continued 
efforts in later tiers. Additional 
detail on the design issues for post- 
construction studies that begin in 
Tier 3 is provided in the discussion of 
methods and metrics in Tier 3.

i4
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Tiers Quastions

Tier 3 begins as the other tiers, 
with problem formulation: what 
additional studies are necessary to 
enable a decision as to whether the 
proposed project can proceed to 
construction or operation or should 
be abandoned? This step Includes 
an evaluation of data gaps identified 
by Tier 2 studies as well as the 
gathering of data necessary to:

• Design a project to avoid or 
minimize predicted risk

■ Evaluate predictions of 
impact and risk through post
construction comparisons of 
estimated impacts

• Identify compensatory mitigation 
measures, if appropriate, to offset 
significant adverse impacts that 
cannot be avoided or minimized

The problem formulation stage 
for Tier 3 also will include an 
assessment of which species 
identified in Tier 1 and/or Tier 2 will 
be studied further in the site risk 
assessment. This determination is 
based on analysis of existing data 
from Tier 1 and existing site-specific 
data and Project Site (see Glossary 
in Appendix A) visiWs) in Tier 2, and 
on the likelihood of presence and the 
degree of adverse impact to species 
or their habitat. If the habitat is 
suitable for a species needing further 
study and the site occurs within 
the historical range of the species, 
or is near the existing range of the 
species but presence has not been 
documented, additional field studies 
may be appropriate. Additional 
analyses should not be necessary if 
a species is unlikely to be present 
or is present but adverse impact is 
unlikely or of minor significance.

Tier 3 studies address many of 
the questions identified for Tiers 
1 and 2, but Tier 3 studies differ 
because they attempt to quantify
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the distribution, relative abundance, 
behavior, and site use of species of 
concern. Tier 3 data also attempt 
to estimate the extent that these 
factors expose these species to risk 
from the proposed wind energy 
facility. Therefore, in answering Tier 
3 questions 1>3, developers should 
collect data sui^ient to walyze and 
answer Tier 3 questions 4-6. High 
risk sites may warrant ad(Utional 
yeai^ of pre-construction studies. 
The duration and intensity of studies 
needed should be determined 
through communication with the 
Service.

If Tier 3 studies identify species 
of concern or important habitats, 
e.g., wetlands, which have 
specific regulatoi'y processes and 
requirements, developers should 
work with appropriate state, 
tribal, or federal ^encies to obtain 
requii^d authorizations or permits.

Tier 3 studies should be designed to 
answer the following questions:

1. Do Held studies indicate Uiat 
species of concern are present 
on or likely to use the proposed 
site?

2. Do held studies indicate 
the potential for significant 
adverse impacts on affected 
population of species of habitat 
fragmentation concern?

3. What is the distribution, 
relative abundance, behavior, 
and site use of species of 
concern identified in Tiers 1 or 
Zt and to what extent do these 
factors expose these species to 
risk from the proposed wind 
energy project?

4. What are the potential risks 
of adverse impacts of the 
proposed wind energy project 
to individuals and local 
populations of species of 
concent and their habitats? (In 
the case of rare or endangered 
species, what are the possible 
impacts to such species and 
their habitats?)

5. How can developers mitigate 
identified significant adverse 
impacts?

6. Are there studies that should 
be initiated at this stage that 
would be continued In pc^l- 
construction?

The Service encourages the use of 
common methods and metrics in 
Tier 3 assessments for measuring 
wildlife activity and habitat features. 
Common methods and metrics 
provide great benefit over the 
long-term, alloving for comparisons 
among projects and for greater 
certainty regarding what 
asked of the developer for a specific 
project Deviation &om commonly 
used methods should be carefolly 
considered, scientifically justifiable 
and discussed with federal, tribal, 
or state natural resource agencies, 
or other credible experts, as 
appropriate. It may be useful to 
consult other scientifically credible 
information sources.

Tier 3 studies will be designed to 
accommodate local and regional 
characteristics. The specific 
protocols by which common methods 
and metrics are implemented in Tier 
3 studies depend on the question 
being addreWed, the spedes or 
ecological communities being stu^d 
and the characteristics of the study 
sites. Fbderally-Hsted threatened 
and endangered species, eagles, and 
some other spedes of concern and 
their habitats, may have specific 
protocols required by local, state 
or federal ag^des. The need for 
spedal surveys and mapping that 
address these species and situations 
should be discussed with the 
appropriate stakeholders.

In some instances, a single method 
will not adequately assess potential 
collision risk or habitat impact. For 
example, when there Is concern 
about moderate or high risk to 
noctumally active spedes, such as 
migrating passerines and local and 
migrating bats, a combination of 
remote sensing tools such as rackr, 
and acoustic monitoring for bats 
and indirect inference from diurnal

binl surveys during the migration 
period may be necessary. Answering 
questions about habitat use by 
songbirds may be accomplished by 
relatively small-scale observational 
studies, while answering the same 
question related to wide-ranging 
spedes such as prairie grouse and 
sage grouse may require more 
time-consuming surveys, perhaps 
including telemetry.

Because of the points raised above 
and the need for flexibility in 
application, the Guidelines do not 
m^e specific recommendations 
on protocol elements for Tier 3 
studies. The peer-reviewed sdentific 
literature (such as the articles dted 
throughout this section) contains 
numerous recently published 
reviews of methods for a^essing 
bird and bat activity, and toote for 
assessing habitat and landscape level 
risk. Details on specific methods and 
protocols for recommended studies 
are or will be widely available and 
should be consulted by industry and 
agency professionals.

Many methods for assessing 
risk are components of active 
research involving collaborative 
efforts of public-private research 
partnerships with federal, state 
and tribal a^ncies, wind energy 
develt^iers and NGOs interest in 
wind energy-wildlife interactions 
(e.g., Bats and Wind Energy 
Cooperative and the Grassland 
Shrub Steppe Species Cooperative). 
It is impo^nt to recognize the ne^ 
to integrate the results of research 
that improves existing methods 
or describes new methodological 
developments, while acknowledging 
the value of utilizing common 
methods that are currentiy available.

The methods and metrics that 
may be appropriate for gathering 
data to answer Tier 3 questions 
are compiled and outlined in the 
Technics Resources section, page 
26. These are not meant to ^ 
all inclusive and other methods 
and metrics are available, such as 
the NWee Methods & Metrics 
document (Strickland et al. 2011) 
and others listed in Appendbc C:
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Blii I (

Avian Radar
Sources of Information Pertaining 
to Methods to Assess Impacts to 
Wildlife.

Each question should be considered 
in turn, followed by a discussion of 
the methods and their applicability.

1. Do field studies indicate that 
species of concern are present 
on or likely to use the proposed 
site?

In many situations, this question can 
be answered based on information 
accumulated in Tier 2. Specific 
presence/absence studies may not be 
necessary, and protocol development 
should focus on answering the 
remaining Tier 3 questions. 
Nevertheless, it may be necessary 
to conduct field studies to determine 
the presence, or likelihood of 
presence, when little information is 
available for a particular site. The 
level of effort normally contemplated 
for Tier 3 studies should detect 
common species and species that are 
relatively rare, but which visit a site 
regularly {e.g., every year). In the 
event a species of concern is very 
rare and only occasionally visits a 
site, a determination of “likely to 
occur” would be inferred from the 
habitat at the site and historical 
records of occurrence on or near the 
site.

State, federal and tribal agencies 
often require specific protocols be 
followed when species of concern 
are potentially present on a site.
The methods and protocols for 
determining presence of species 
of concern at a site are normally 
established for each species and 
required by federal, state and 
tribal resource agencies. Surveys 
should sample the wind turbine 
sites and applicable disturbance 
area during seasons when species 
are most likely present. Normally, 
the methods and protocols by which 
they are applied also will include an 
est^ate of relative abundance. Most 
presence/absence surveys should 
be done following a probabilistic 
sampling protocol to allow statistical 
extrapolation to the area and time of 
interest.

Determining the presence of 
diurnally or nocturnally active 
mammals, reptiles, amphibians, 
and other species of concern 
will typically be accomplished 
by following agency-required 
protocols. Most listed species have 
required protocols for detection 
(e.g., the black-footed ferret).
State, tribal and federal agencies 
should be contacted regarding 
survey protocols for those species of 
concern. See Com and Bury 1990, 
Olson et al. 1997, Bailey et al. 2004, 
Graeter et al. 2008 for examples of 
reptile and amphibian protocols, 
survey and analytical methods. See 
Tier 3 Study Design Considerations 
on page 24 for further details.

2. Do field studies indicate the 
potential for significant adverse 
impacts on affected populations 
of species of habitat 
fragmentation concern?

If Tier 2 studies indicate the 
presence of species of habitat 
fragmentation concern, but existing 
information did not allow for a 
complete analysis of potential 
impacts and decision-making, then 
additional studies and analyses 
should take place in Tier 3.

As in Tier 2, the particulars of the 
analysis will depend on the species 
of habitat fragmentation concern 
and how habitat block size and

fragmentation are defined for the life 
cycles of that species, the likelihood 
that the project ^vill adversely affect 
a local population of the spedes and 
the significance of these impacts to 
the viability of that population.

To assess habitat fragmentation 
in the project vicinity, developers 
should evaluate landscape 
characteristics of the proposed site 
prior to construction and determine 
the degree to which habitat for 
species of habitat fragmentation 
concern will be significantly altered 
by the presence of a wind energy 
facility.

A general fi^mework for evaluating 
habitat fragmentation at a project 
site, following that described in 
Tier 2, is outlined on page 27. This 
framework should be used in those 
circumstances when the developer, 
or a relevant federal, state, 
tribal and/or other local agency 
determines the potential presence of 
a population of a species of habitat 
fragmentation concern that may be 
adversely affected by the project. 
Otherwise, the developer need not 
assess the impacts of the proposed 
project on habitat fragmentation. 
This method for analysis of habitat 
fragmentation at project sites must 
be adapted to the local population of 
the species of habitat fragmentation 
concern potentially affected by the 
proposed development.

3. What is the distribution, 
relative abundance, behavior, 
and site use of species of 
concern identified in Tiers I or 
2, and to what extent do these 
factors expose these species to 
risk from the proposed wind 
energy project?

For those species of concern that 
are considered at risk of collisions or 
habitat impacts, the questions to be 
answered in Tier 3 include: where 
are they likely to occur (i.e., where 
is their habitat) within a project 
site or vicinity, when might they 
occur, and in what abundance. The 
spatial distribution of species at 
risk of collision can influence how a 
site is developed. This distribution 
should include the airspace for flying 
spedes with respect to the rotor-
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Bwept zone. The abundance of a 
species and the spatial distribution of 
its habitat can be used to determine 
the relative risk of impact to species 
using the sites, and the absolute risk 
when compared to existing projects 
where similar information exists. 
Species abundance and habitat 
distribution can also be used in 
modeling risk factors.

Surveys for spatial distribution

birds, bats, and other wildlife are 
found in the Technical Resources 
section on page 26.

4. What are the potential risks 
of adverse impacts of the 
proposed wind energy project 
to individuals and local 
populations of species of 
concern and their habitats? (In 
the case of rare or endangered 
species, what are the possible

IVAoopinfr crane. Cndif Ryan Hagerty USFWS

and relative abundance require 
coverage of the wind turbine sites 
and applicable site disturbance 
area, or a sample of the area 
using observational methods for 
the species of concern during 
the seasons of interest. As with 
presence/absence (see Tier 3, 
question 1, above) the method 
used to determine distribution, 
abundance, and behavior may vary 
with the species and its ecology. 
Spatial distribution is determined by 
applying presence/absence or using 
surveys in a probabilistic manner 
over the entire area of interest. 
Suggested survey protocols for

impacts to such species and 
their habitats?)

Methods used for estimating 
risk will vary with the species of 
concern. Fbr example, estimating 
potential bird fatalities in Tier 3 
may be accomplished by comparing 
exposure estimates (described 
earlier in estimates of bird use) at 
the proposed site with exposure 
estimates and fatalities at existing 
projects \vith similar characterisUcs 
(e.g., similar technology, landscape, 
and weather conditions). If models 
are used, they may provide an 
additional tool for estimating

fatalities, and have been used in 
Australia (Organ and Meredith 
2004), Europe (Chamberlin et 
al. 2006), and the United States 
(Madders and Whitfield 2006). As 
with other prediction tools, model 
predictions should be evaluated and 
compared with post-construction 
fatality data to validate the 
models. Models should be used as a 
subcomponent of a risk assessment 
based on the best available empirical 
data. A statistical model bused on 
the relationship of pre-construction 
estimates of raptor abundance and 
post-construction raptor fatalities is 
described in Strickland et al. (2011) 
and promises to be a useful tool for 
risk assessment.

Collision risk to individual birds 
and bats at a particular wind 
energy facility may be the result of 
complex interactions among species 
distribution, relative abundance, 
behavior, weather conditions 
(e.g., wind, temperature) and site 
characteristics. Collision risk for an 
individual may be low regardless of 
abundance if its behavior does not 
place it within the rotor-swept zone. 
If individuals frequently occupy the 
rotor-swept zone but effecUvely 
avoid collisions, they are also at 
low risk of collision with a turbine 
(e.g., ravens). Alternatively, if the 
behavior of individuals frequently 
places them in the rotor-swept 
zone, and they do not actively avoid 
turbine blade strikes, they are at 
higher risk of collisions with turbines 
regardless of abundance. For a 
given species (e.g., red-tailed hawk), 
increased abundance increases 
the likelihood that individuals 
will be killed by turbine strikes, 
although the risk to individuals 
will remain about the same. The 
risk to a population increases as 
the proporUon of individuals in 
the population at risk to collision 
increases.

At some projects, bat fatalities 
are higher than bird fatalities, but 
the exposure risk of bats at these 
facilities is not fully understood 
(National Research Council (NRC) 
2007). Horn etal (2008) and Cryan 
(2008) hypothesize that bats are 
attracted to turbines, which, if true, 
would further complicate estimation
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of exposure, farther research is 
required to determine if bats are 
attracted to turbines and if so, to 
evaluate 1) the influence on Tier 
2 methods and predictions, and 
2) if this increased individual risk 
translates into higher population* 
level impacts for bats.

The estimation of indirect impact 
risk requires an understanding 
of animal behavior in response to 
a project and its inft^tructure, 
and a pre-construction estimate of 
presence/absence of species whose 
behavior would cause them to avoid 
areas in proximify to turbine, roads 
and other components of the project 
The amount of habitat that is lost to 
indirect impacts will be a function 
of the sensiUvity of individuals 
to the project and to the activity 
levels assodated with the project's 
operations. The population-level 
signiflcance of this in<^ect impact 
will depend on the amount of habitat 
available to the affected population. 
If the indirect unpacts include 
habitat h*agmentation, then the 
risk to the demographic and genetic 
viability of the isolated anim^ is 
increased. Quantifying cause and 
effect may be very difficult, however.

5. How can developers mitigate 
identified significant adverse 
impacts?

Kesults of Tier 3 studies should 
provide a basis for identifying 
measures to mitigate significant 
adverse impacts predicted for 
species of concern. Information on 
Midlife use of the proposed area is 
most usehil when designing a project 
to avoid or minimize significant 
adverse impacts. In cases of 
uncertainty with regard to impacts 
to spedes of concern, additional 
studies may be necessary to quantify 
significant adverse impads and 
determine the need for mitigation of 
tiiose impacts.

Chapter 7, Best Management 
Practices, and Chapter 8, Mitigation, 
outline measures il^t can be taken

to mitigate impacts throughout all 
phases of a project

The following discussion of prairie 
grouse and sage grouse as species of 
concern Illustrates the uncertainty 
mentioned above by describing 
the present state of scientific 
knowledge relative to these species, 
which should be considered when 
designing mitigation measures. The 
extent of the impact of wind energy 
development on prune grouse and 
sage grouse lekl^g activity (e.g., 
social structure, mating success, 
persistence) and the associated 
impacts on productivity (e.g„ 
nesting, nest success, chick survival) 
is poorly understood (Arnett et al. 
2007, NBC 2007, Manville 2004). 
However, recent published research 
documents that anthropogenic 
features (e.g., tall structures, 
buildings, roads, transmission lines) 
can adversely impact vital rates 
(e.g., nesting, ne^ succ^, lekking 
behavior) of lesser prairieH!hlckens 
(Pruett et al. 2009, Pitman et al. 
2fK)5, Hagen et al. 2009, Hagen et al. 
2011) and greater prairie-chickens 
over long distances. Pitman et 
al. (2006) found that transmission 
lines reduced nesting of lesser 
prairie chicken by 90 percent out to 
a distance of 0.25 miles, improved 
roads at a distance of 0.26 miles, a 
house at 0.3 miles, and a power plant 
at >0.6 miles. Reduced nesting 
activity of lesser prairie chickens 
may extend farther, but Pitman 
et d. (^5) did not analyze their 
data for lower impacts (less than 
90 percent reduction in nesting) 
of those anthropogenic features 
on lesser prairie chidcen nesting 
activities at greater distances. 
Hagen et al. (2011) suggested that 
development within 1 to 1 Vi miles 
of active leks of prairie grouse may 
have significant adverse impacts on 
the affected grouse population. It 
is not unreasonable to infer that 
impacts from wind energy facilities 
may be similar to those from these 
other anthropogenic structure. 
Kansas State University, as part 
of the National 'Wind Coord^ating

Collaborative’s Grassland and 
Shrub Steppe Species Subgroup, is 
undertaking a multi-year telemetry 
study to ev^uate the effects of a 
proposed wind-energy facility on 
displacement and demograpUc 
parameter (e.g., survival, nest 
success, brood success, fecundity) of 
greater prairie-chickens in Kansas.^

The distances over which 
anthropogenic activities impact 
sage grouse are greater than for 
prairie grouse. Based primarily 
on data documenting reduced 
fecundity (a combination of nesting, 
clutch size, nest success, juvenile 
survival, and other factors) in 
sage grouse populations near 
roads, transmissions lines, and 
areas of oil and gas development/ 
production (HoUoran 2005, Connelly 
et al. 2000), development within 
three to five miles (or more) of 
active sage grouse leks may have 
significant adverse impacts on the 
affected grouse population. Lyon 
and Anderson (2003) found that in 
habitats fragmented by natural gas 
development, only 26 percent of hens 
captured on disti^ed leks nested 
within 1.8 miles of the lek of c^ture, 
whereas 91 percent of hens from 
undisturbed areas nested within the 
same area. HoUoran (2006) found 
that active drilling vdthin 3.1 miles of 
sage grouse lek r^uced the number 
of breeding males by displacing adult 
males and redudng recruitment of 
juvenile males. The magnitudes and 
proximal causes (e.g., noise, height 
of structures, movement, human 
activity, etc.) of those impacts on vital 
rates in grouse populations are areas 
of much needed research (Becker 
etal.20(^). Data accumulated 
through such research may improve 
our understanding of the buffer 
distances necessary to avoid or 
minimize significant adverse impacts 
to prairie grouse and sage grouse 
populations.

When significant advei'se impacts 
(Annot be fully avoided or 
adequately minimized, some form 
of compensatory mitigation may be

^ WWW.nntinnnlwinti.m^
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appropriate to address the loss of 
habitat value. For example, it may 
be possible to mitigate habitat loss or 
degradation for a species of concern 
by enhancing or restoring nearby 
habitat value comparable to that 
potentially influenced by the project

6. Are there studies that should 
be initiated at this stage that 
would be continued in post- 
construction?

During Tier 3 problem formulation, 
it is necessary to identify the 
studies needed to address the 
Tier 3 questions. Consideration 
of how the resulting data may be 
used in conjunction with post
construction Tier 4 and 5 studies 
Is also recommended. The design 
of post-construction impact or 
mitigation assessment studies 
will depend on the specific impact 
questions being addressed. 'Her 3 
predictions will be evaluated using 
data from Tier 4 studies designed 
to estimate fatalities for species 
of concern and impacts to their 
habitat, including species of habitat 
fragmentation concern. Tier 3 
studies may demonstrate the need 
for mitigation of significant adverse 
impacts. Where Tier 3 studies 
indicate the potential for significant 
adverse direct and indirect impacts 
to habitat, Tier 4 studies will provide 
data that evaluate predictions of 
those impacts, and Tier 5 studies,
If necessary, will provide data to 
evaluate the effect of those impacts 
on populations and the effectiveness 
of mitigation measures. Evaluations 
of the impacts of a project on 
demographic parameters of local 
populations, habitat use, or some 
other parameters) are considered 
Tier 5 studies, and typically will 
require data on these parameters 
prior to as well as after construction 
of the project

Tier 3 Study Design Considerations

Specific study designs will vary from 
site to site and should be adjusted 
to the circumstances of individual 
projects. Study designs will depend 
on the types of questions, the specific 
project, and practical considerations. 
The most common considerations

HoKto/mndlurbiMt. CndiU JoMhiia Winehell, USFWS

include the area being studied, the 
species of concern and potential 
risk to those species, potentially 
confounding variables, time available 
to conduct studies, project budget, 
and the magnitude of the anticipated 
impacts. Studies will be necessary 
in part to assess a) which species 
of concern are present within the 
project area; b) how these species 
are using the area (behavior); and c) 
what risks are posed to them by the 
proposed wind energy project.

Asseaaing Presence

A developer should assess whether 
species of concern are likely to be 
present in the project area during 
the life of the project. Assessing 
species use from databases and site 
characteristics is a potential fii'st 
step. However, it can be difficult 
to assess potential use by certain 
species from site characteristics 
alone. Various species in different 
locations may require developers 
to use specific survey protocols or 
make certain assumptions regarding 
presence. Project developers should 
seek local wildlife expertise, such as 
Service Field Office staff, in using 
the proper procedures and making 
assumptions.

Some species will present particular

challenges when trying to determine 
potential presence. For instance, 
species that a) are rare or cryptic; 
b) migrate, conduct other daily 
movements, or use areas for short 
periods; c) are small or nocturnal; or 
d) have become extirpated in parts of 
their historical range can be difficult 
to observe. One of these challenges 
is migration, broadly defined as the 
act of moving from one spatial unit 
to another (Baker 1978), or as a 
periodic movement of animals from 
one location to another. Migration 
is species-specific, and for birds and 
bats occurs throughout the year.

Assessing Site UselBehaoior

Developers should monitor potential 
sites to determine the types of 
migratory species present, what 
type of spatial and temporal use 
these species make of the site (e.g., 
chronology of migration or other 
use), and the ecological function 
the site may provide in terms of the 
migration cycle of these species. 
Wind developers should determine 
not only what species may migrate 
through a proposed development site 
and when, but also whether a site 
may function as a staging area or 
stopover habitat for v^dlife on their 
migration pathway.
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For some species, movements 
between foraging and breeding 
habitat, or between sheltering 
and feeding habitats, occur on a 
daily basis. Consideration of daily 
movements (morning and evening; 
coming and going) is a critical 
factor when considering project 
development.

Duraiionllniensity of Studies

Where pre-construction assessments 
are warranted to help assess risk 
to wildlife, the studies should be of 
sufficient duration and intensity to 
ensure adequate data are collected 
to accurately characterize wildlife 
presence and use of the area. In 
ecological systems, resource 
quality and quantity can fluctuate 
rapidly. These fluctuations occur 
natur^ly, but human actions can 
signidcantiy affect (i.e., increase 
or decrease) natural oscillations. 
Pre-construction monitoring and 
assessment of proposed wind 
energy sites are “snapshots in 
time,” showing occurrence or no 
occurrence of a species or habitat at 
the specific time surveyed. Often 
due to prohibitive costs, assessments 
and surveys are conducted for very 
low percentages (e.g., less than 5 
percent) of the available sample time 
in a given year, however, these data 
are used to support risk analyses 
over the projected life of a project 
(e.g., 30 years of operations).

To establish a trend in site use 
and conditions tiiat incorporates 
annual and seasonal variation in 
meteorological conditions, biological 
factors, and other variables, pre
construction studies may ne^ to 
occur over multiple years. However, 
the level of risk and the question of 
data requirements will be based on 
site sensitivity, affected species, and 
the availability of data from other 
sources. Accordingly, decisions 
regarding studies should consider 
information gathered during tiie 
previous tiers, variability within and 
between seasons, and years where 
variability is likely to substantially 
atiect answers to the Her 3 
questions. These studies should 
also be designed to collect data 
during relevant breeding, feeding, 
sheltering, st^jng, or migration

periods for each species being 
studied. Additionally, consideration 
for the frequency and intensity of 
pre-construction monitoring should 
be site-specific and determined 
through consultation with an expert 
authority based on their knowledge 
of the specific spedes, level of risk 
and other variables present at each 
individual site.

Assessing Risk to Species of 
Concern

Once likely presence and factors 
such as abundance, frequency of use, 
habitat use patterns, and behavior 
have been determined or assumed, 
the developer should consider and/or 
determine the consequences to the 
“populations” and species.

Below is a brief discussion of several 
types of risk factors that can ^ 
considered. This does not include all 
potential risk factors for all species, 
but addresses the most common 
ones.
flolliaion

Collision likelihood for individual 
birds and bats at a particular wind 
energy facility may be the result of 
complex interactions among species 
distribution, “relative abundance," 
behavior, visibility, weather 
conditions, and site characteristics. 
Collision l&elihood for an individual 
may be low regardless of abundance 
if its behavior do^ not place it within 
the “rotor-swept zone." Individuals 
that frequently occupy the rotor- 
swept zone but effectively avoid 
o)ll^ons are also at low Ukellhood of 
collision with a turbine.

Alternatively, if the behavior of 
individuals frequently places them 
in the rotor-swept zone, and they 
do not actively avoid turbine blade 
strikes, they are at higher likelihood 
of collisions with turbines re^rdless 
of abundance. Some species, even at 
lower abundance, may have a higher 
collision rate than similar species 
due to subtle differences in their 
ecology and behavior.

At many projects, the numbers 
of bat fatalities are higher than 
the numbers of bird fatalities, but

the exposure risk of bats at these 
facilities is not iuUy understood. 
Researchers (Horn et al. 2008 
and Cryan 2008) hypothesize 
that some bats may be attracted 
to turbines, which, if true, would 
further complicate estimation of 
exposure. Rirthm* research is 
required to determine whether 
bate ara attracted to turbines 
and if so, whether this increased 
Individu^ risk translates Into higher 
population-scale effects.

Habitat and Degradation

Wind project development results 
in direct habitat loss and habitat 
modification, especially at sites 
previously undeveloped. Many of 
North America's native landscapes 
are greatly diminished or degraded 
ffom multiple causes unrelated to 
wind energy. Important remnants of 
these landscapes are identified and 
documented in various databases 
held by private conservation 
organizations, state wildlife 
agencies, and, in some cases, by the 
^rvice. Specie that depend on 
these landscapes are susceptible to 
further loss of habitat, which will 
affect their ability to reproduce and 
survive. While habitat lost due to 
footprints of turbines, roads, and 
other infrastructure is obvious, less 
obvious is the potential reduction of 
habitat quality.

Habitat FVagmentation

Habitat fragmentation separates 
blocks of habitat for some species 
into segments, such that the 
individuals in the remaining 
habitat segments may suffer from 
effects such as decreased survival, 
reproduction, distribution, or use of 
the area. Site clearing, access roads, 
transmission lines, and arrays of 
turbine towers may displace some 
species or fragment continuous 
habitat areas into smaller, isolated 
tracts. Habitat fragmentation is 
of particular concern when species 
require large expanses of habitat for 
activities such as breeding, foraging, 
and sheltering.

Habitat fragmentation can result 
in increases in “edge” resulting 
In direct effects of barriers
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and displacement as well as 
indirect effects of nest parasitism 
and predation. Sensitivity to 
fragmentation effects varies among 
species. Habitat fragmentation 
and site modiflcation are important 
issues that should be assessed at 
the landscape scale early in the 
siting process. Identify areas of 
high sensitivity due to the presence 
of blocks of native habitats, paying 
particular attention to known or 
suspected “species sensitive to 
habitat fragmentation.”

Displacement and Behavioral 
Change.^

Estimating displacement risk 
requires an understanding of 
animal behavior in response to a 
project and its inf^tructui^ and 
activities, and a pre-construction 
estimate of presence/absence of 
species whose behavior would 
cause them to avoid or seek areas 
in proximity to turbines, roads, and 
other components of the project. 
Displacement is a function of the 
sensitivity of individuals to the 
project and activity levels associated 
with operations.

TnHirppt Rffpcts

Wind development can also have 
indirect effects to wildlife and 
habitats. Indirect effects include 
reduced nesting and breeding 
densities and th^e social ramifications 
of those reductions; loss or 
modification of foraging habitat; 
loss of population vigor and overall 
population density; increased 
isolation between habitat patches, 
loss of habitat refugia; attraction 
to modified habitats; effects on 
behavior, physiolopcal disturbance, 
and habitat unsuitability. Indirect 
eH'ects can result from introduction 
of invasive plants; increased 
predator populations or facilitated 
predation; alterations in the natural 
fire regime; or other effects, and can 
manifest themselves later in time 
than the causing action.

When collection of both pre- and

post-construction data in the areas 
of interest and reference areas is 
possible, then the Before-After- 
Control-lmpact (B ACI) is the most 
statistically robust design. The 
BACl design is most like the classic 
manipulative experiment^ In the 
absence of a suitable reference area, 
the design is reduced to a Before- 
After (BA) analysis of effect where 
the differences between pre- and 
post-construction parameters of 
interest are assumed to be the 
result of the project independent of 
other potential factors affecting the 
assessment area. With respect to BA 
studies, the key question is whether 
the observations taken immediately 
after the incident can reasonably 
be expected within the expected 
range for the system (Manly 2009). 
Reliable quantification of impact 
usually will include additional study
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components to limit variation and 
the confounding effects of natural 
factors that may change with time.

The developer’s timeline for the 
development of a wind energy 
facility often does not allow 
for the collection of sufficient

pre-construction data and/or 
identification of suitable reference 
areas to complete a BACI or BA 
study. FWthermore, alterations in 
land use or disturbance over the 
course of a multi-year BACI or BA 
study may complicate the analysis of 
study results. Additional discussion 
of these issues can be found in 'Her 5 
Study Design Considerations.

Tier 3 Technical Resources

The following methods and metrics 
are provided as su^ested sources 
for developers to use in answering 
the Tier 3 questions.

Tiers, Question 1

Acoustic monitoring can be a 
practical method for determining the 
presence of threatened, endangered 
or otherwise rare species of bats 
throughout a proposed project (Kunz 
et al. 2007). There are two general 
types of acoustic detectors used 
for collection of information on bat 
activity and species identification: 
the full-spectrum, time-expansion 
and the zero-crossing techniques for 
ultrasound bat detection (see Kunz 
et al. 2007 for detailed discussion). 
F\i!l-spectrum time expansion 
detectors provide nearly complete 
species discrimination, while zero
crossing detectors provide reliable 
and cost-effective estimates of 
total bat use at a site and some 
species discrimination. Myotis 
species can be especially difficult 
to discriminate with zero-crossing 
detectors (Kunz etal. 2007). Kunzet 
al. (2007) describe the strengths and 
weaknesses of each technique for 
ultrasonic bat detection, and either 
type of detector may be useful in 
most situations except where species 
identification is especially important 
and zero-crossing methods are 
inadequate to provide the necessary 
data. Bat acoustics technology is 
evolving rapidly and study objectives 
are an important consideration when 
selecting detectors. When rare 
or endangered species of bats are 
suspected, sampling should occur 
during different seasons and at

'' In this context, such designa arc not true cxpcrimcntB tn that the treatments (project dm’clopmcnt and control) ore not randomly assigned to an 
uxperimentHi unit, and there is oAcn no true replicatinn. Swdi constraints urc not fuUtl flaw-H, Ixitdn limit KUlistical inrerenres nt the results.
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multiple sampling stations to account 
for temporal and ^tial variability.

Mist-netting for bats is required in 
some situations by state agencies, 
THb^, and the Service to determine 
the presence of threatened, 
endangered or otherwise rare 
species. Mist^etting is best 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site, espedally to 
detect die presence of threatened or 
endangered species. Efforts should 
concentrate on potential commuting, 
fora^g, drinking, and roosting 
sites (Kuenzi and Morrison 19^, 
O'Fbrrell et al. 1999). Mist-netting 
and other activities that involve 
capturing and handling threatened 
or endangered species of bats will 
require permits from state and/or 
federal agencies.

T^er3, Question 2

The following protocol should be 
used to answer Tier 3, Question 2. 
This protocol for analysis of habitat 
fragmentation at project sites should 
be adapted to the sp^es of habitat 
fragmentation concern as identified 
in response to Question 5 in Tier 
2 and to the landscape in which 
development is contemplated. The 
developer should:

1. Define the study area. The study 
area for the site should include 
the “footprint” for the proposed 
facility plus an appropriate 
surrounding area. The extent 
of the study area should be 
based on area where there is 
potential for significant advei'se 
habitat impacts, including indirect 
Impacts, \rithin the distribution of 
habitat for the species of habitat 
fragmentation concern.

2. Determine the potent^ for 
occupancy of the study area based 
on the guidance provided for the 
spedes of habitat fragmentation 
concern described above in 
Question 1.

3. Analyze current habitat quality 
and spatial conflgui'ation of the 
study area for the species of 
habitat fragmentation concern.

a. Use recent aerial or remote 
imagery to det^mine distinct 
habitat patches or boundaries 
within the study area, and 
the extent of existing habitat 
fragmenting features.

i. Assess the level of 
fragmentation of ti\e 
existing habitat for 
the species of habitat 
fragmentation concern and 
categorize into three classes:

* High quality: little orno 
apparent fragmentation 
ohntact habitat

* Medium quality: intact 
habitat ei^biting some 
recent disturbance 
activity

* Low quality: extensive 
fragmentation of habitat 
(e.g., row-cropped 
agricultural lands, active 
surface mining areas)

ii. Determine edge and 
interior habitat metrics of 
the study area:

* Identify habitat, non
habitat landscape 
features and existing 
fragmenting features 
relative to the species of 
habitat fragmentation 
concern, to estimate 
existing edge

* Calculate area and acres 
ofedge

* Calculate area of intact 
patches of habitat 
and compare to needs 
of species of habitat 
fragmentation concern

b. Determine potential changes in 
quality and spatial conhguration 
of the habitat in the study 
area if development proceeds 
as proposed using existing 
site information and the l^t 
availahte spatial data regsu^mg 
placement of wind turbines and 
ancillary infrastructure:

i. Identify, dslineate and 
classify all additional 
features added by the 
development that potentially 
fragment habitat for
the species of habitat 
fragmentation concern (e.g., 
roads, transmisrion lines, 
maintenance structures, etc.)

ii. Assess the expected future 
size and quality of habitat 
patches for the species
of habitat fragmentation 
concern and the additional 
fr^menting features, and 
categorire Into three classy 
as described above

iii. Determine expected foture 
acreages of edge and interior 
habitats

iv. Calculate the area of the 
remaining patches of intact 
habitat

c. Compare pre-construction and 
expected post-construction 
frs^eniation metrics:

L Determine the area of 
intact habitat lost (to the 
displacement footprint or by 
alteration due to the edge 
effect)

ii. Identify habitat patches that 
are expected to be moved 
to a lower habitat quality 
classification as a result of 
the development

4. Assess the likelihood of a 
significant reduction in the 
demographic and genetic viability 
of the local population of the 
species of habitat fragmentation 
concern using the habitat 
fragmentation information 
collected under item 3 above 
and any currently available 
demographic and genetic data. 
Based on this assessment, the 
developer makes the finding 
whether or not there is significant 
reduction. The developer should 
share the finding with the relevant 
agencies. If the developer finds 
the likelihood of a significant 
reduction, the developer should
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consider items a, b or c below:

a. Consider alternative 
locations and development 
configurations to minimize 
fragmentation of habitat in 
communication with species 
experts, for all species of 
habitat fragmentation concern 
in the area of interest

b. Identify high quality habitat 
parcels that may be protected 
as part of a plan to limit future 
loss of habitat for the impacted 
population of the species of 
habitat fragmentation concern 
in the area.

c. Identify areas of medium or 
low quality habitat within 
the range of the impacted 
population that may be 
restored or improved to 
compensate for losses of 
habitat that result from the 
project (e.g., management of 
unpaved roads and ORV trails).

Tier 3, Question 3

The following protocols are 
suggested for use in answering Tier 
3, Question 3.

Bird distribution, abundance. 
behavior and site use

levels of activity within the rotor- 
swept zone.

Avian point counts should follow 
the general methodology described 
by Reynolds etal. (1980) for point 
counts within a fixed area, or the line 
transect survey similar to Schaffer 
and Johnson (2008), where all birds 
seen within a fixed distance of a 
line are counted. These methods 
are most useful for pre- and post
construction studies to quantify 
avian use of the project site by 
habitat, determine the presence of 
species of concern, and to provide a 
baseline for assessing displacement 
effects and habitat loss. Point 
counts for large birds (e.g., raptors) 
follow the same point count method 
described by Reynolds et al. (1980), 
Ralph et al. (1993) and Ralph et al. 
1995).

Point count plots, transects, and 
observational studies should allow

for statistical extrapolation of data 
and be distributed throughout the 
area of interest using a probability 
sampling approach (e.g., systematic 
sample with a random start). For 
most projects, the area of interest 
is the area where wind turbines and 
permanent meteorological (met) 
towers are proposed or expected to 
be sited. Alternatively, the centers 
of the larger plots can be located 
at vantage points throughout the 
potential area being considered with 
the objective of covering most of the 
area of interest Flight height should 
also be collected to focus estimates 
of use on activity occurring in the 
rotor-swept zone.

Sampling duration and frequency 
will be determined on a project- 
by-project basis and by the 
questions being addressed. The 
most important consideration for 
sampling frequency when estimating 
abundance is the amount of variation

Is /'•
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Diurnal Avian Activity Surveys

The commonly used data collection 
methods for estimating the spatial 
distribution and relative abundance 
of diurnal birds includes counts 
of bii'ds seen or heard at specific 
survey points (point count), along 
transects (transect surveys), and 
observational studies. Both methods 
result in estimates of bird use, 
which are assumed to be indices of 
abundance in the area surveyed. 
Absolute abundance is difficult 
to determine for most species 
and is not necessary to evaluate 
species risk. Depending on the 
characteristics of the area of interest 
and the bird species potentially 
affected by the project, additional 
pre-constracUon study methods may 
be necessary. Point counts or line 
transects should collect vertical as 
well as horizontal data to identify 
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expected among survey dates and 
locations and the species of concern.

The use of comparable methods 
and metrics should allow data 
comparison from plot to plot within 
the area of interest and from site to 
site where similar data exist The 
data should be collected so that avian 
activity can be estimated within 
the rotor-swept zone. Relating 
use to site characteristics requires 
that samples of use also measure 
site characteristics thought to 
influence use (i.e., covariates such 
as vegetation and topography) in 
relation to the location of use. The 
statistical relationship of use to these 
covariates cun be used to predict 
occurrence in unsurveyed areas 
during the survey period and for the 
same areas in the future.

Surveys should be conducted at 
different intervals during the year 
to account for variation in expected 
bird activity with lower frequency 
during winter months if avian 
activity is low. Sampling frequency 
should also consider the episodic 
nature of activity during fall and 
spring migration. Standardized 
protocols for estimating avian 
abundance are well-established and 
should be consulted (e.g., Dettmers 
et al. 1999). If a more precise 
estimate of density is required for 
a particular species (e.g., when the 
goal is to determine densities of a 
special-status breeding bird species), 
the researcher will need more 
sophisticated sampling procedures, 
including estimates of detection 
probability.

Raptor Neal Searches

An estimate of raptor use of the 
project site is obtained through 
appropriate surveys, but if potential 
impacts to breeding raptors are a 
concern on a project, raptor neat 
searches are also recommended. 
These surveys provide information 
to predict risk to the local 
breeding population of raptors, 
for micro-siting decisions, and for 
developing an appropriate-sized 
non-disturbance buffer around 
nests. Surveys also provide 
baseline data for estimating 
impacts and determining mitigation

/ ••• . I

Red tailcd hatch. Credit Dave Menkt, USFWS

requirements. A good source of 
information for raptor surveys and 
monitoring is Bird and Bildstein 
(2007).

Searches for raptor nests or raptor 
breeding territories on projects 
with potential for impacts to raptors 
should be conducted in suitable 
habitat during the breeding season. 
While there is no consensus on the 
recommended buffer zones around 
nest sites to avoid disturbance of 
most species (Sutter and Jones 
1981), a nest search within at least 
one mile of the wind turbines 
and transmission lines, and other 
infrastructure should be conducted. 
However, larger nest search areas 
are needed for eagles, as explained 
in the Service’s ECP Guidance, when 
bald or golden eagles are likely to be 
present.

Methods for these surveys are 
fairly common and will vary Nvith 
the species, terrain, and vegetation 
within the survey area. The Service 
recommends that protocols be 
discussed with biologists from the 
lead agency. Service, state \vildlife 
agency, and TVibes where they have 
jurisdiction. It may be useful to 
consult other scientifically credible 
information sources. At minimum, 
the protocols should contain the 
list of target raptor species for nest 
surveys and the appropriate search

protocol for each site, including 
timing and number of surveys 
needed, search area, and search 
techniques.

Prairie Grouse and Sage Grouse 
Population Assessments

Sage grouse and prairie grouse 
merit special attention in this 
context for three reasons:

1. The scale and biotic nature 
of their habitat requirements 
uniquely position them as reliable 
indicators of impacts on, and 
needs of, a suite of species that 
depend on sage and grassland 
habitats, which are among
the nation’s most diminished 
ecological communities (Vodehnal 
and Haufler 2007).

2. Their ranges and habitats are 
highly congruent with the nation’s 
richest inland wind resources.

3. They are species for which some 
known impacts of anthropogenic 
features (e.g., tall structures, 
buildings, roads, transmission 
lines, wind energy facilities, etc.) 
have been documented.

Populations of prairie grouse and 
sage grouse generally are assessed 
by either lek counts (a count of 
the maximum number of males 
attending a lek) or lek surveys 
(classification of known leks as active 
or inactive) during the breeding 
season (e.g., Connelly et al. 20(X)). 
Methods for lek counts vary slightly 
by species but in general require 
repeated visits to known sites and 
a systematic search of all suitable 
habitat for leks, followed by repeated 
visits to active leks to estimate the 
number of grouse using them.

Recent research indicates that 
viable prairie grouse and sage 
grouse populations are dependent on 
suitable nesting and brood-rearing 
habitat (Connelly et al. 2000,
Hagen etal. 2009). These habitats 
generally are associated ^vith leks. 
Leks are the approximate centers of 
nesting and brood-rearing habitats 
(Connelly et al. 2000, but see 
Connelly et al. 1988 and Becker et 
ai. 2009). High quality nesting and
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brood rearing habitats surrounding 
leks are critical to sustaining viable 
prairie grouse and sage grouse 
populations (Giesen and Connelly 19^, H^n et al. 2004, Connelly et 
ai.2000). A population assessment 
study area should include nesting 
and brood rearing habitats that may 
extend several miles fh)m leks. For 
example, greater and lesser prairie- 
chickens generally nest in suitable 
habitats within one to two miles 
of active leks (Hagen et al. 2004), 
whereas the average distances from 
nests to active leks of non-migratory 
sage grouse range from 0.7 to four 
miles (Connelly et al. 2000), and 
potentially much more for migratory 
populations (Connelly et al. 1988).

While surveying leks during the 
spring bree^g season is the most 
common and convenient tool for 
monitoring population trends of 
prairie grouse and sage grouse, 
documenting available nesting and 
brood rearing habitat witiiin and 
adjacent to the potentially affected 
area is recommended. Suitable 
nesting and brood rearing habitats 
can be mapped based on habitat 
requirements of individual species. 
The distribution and abundance 
of nesting and brood rearing 
habitats can be used to help in the 
assessment of adverse impacts of the 
proposed project to prairie grouse 
and sage grouse.

Mist-Netting for Birds

Mist-netting is not recommended as 
a method for assessing risk of wind 
development for birds. Mist-netting 
cannot generally be used to develop 
indices of relative bird abundance, 
nor does it provide an estimate of 
collision risk as mist-netting is not 
feasible at the heights of the rotor- 
swept zone and captures below that 
zone may not adequately reflect 
risk. Operating mist-nets requires 
considerable experience, as well as 
state and federal permits.

Occasionally mist-netting can help 
confirm the presence of rare species 
at documented fallout or migrant 
stopover sites near a proposed 
project. If mist-netting is to be 
used, the Service recommends 
that procedures for operating nets

and collecting data be followed in 
accordance with Ralph et al. (1993).

Nocturnal and Crepuscular Bird 
Survey Methods

Additional studies using different 
methods should be conducted if 
characteristics of the project site 
and surrounding areas potentially 
pc^e a high risk of collision to night 
migrating songbiids and other 
nocturnal or crepuscular species.
For most of their flight, songbirds 
and other nocturnal migrants are 
above the reach of wind turbines, 
but they pass through the altitudinal 
range of wind turbines during 
ascents and descents and may also 
fiy closer to the ground during 
inclement weather (Able, 1970; 
Richardson, 2000). l^hctors affecting 
flight path, behavior, and “fall-out” 
locations of nocturnal migrants are 
reviewed elsewhere (e.g., Williams 
et al., 2001; Gauthreaux and Reiser, 
2003; Richardson, 2000; Mabee et ed., 
2008).

In general, pre-construction 
nocturnal studies are not 
recommended unless the site 
has features that might stron^y 
concentrate nocturnal birds, 
such as along coastlines that are 
known to be migratory songbird 
corridors. Biologists knowledgeable 
about nocturnal Wd migration 
and familiar with patterns of 
migratory stopovers in the region 
should ass^ the potential risks to 
nocturnal migrants at a proposed 
project site. No single method can 
adequately assess the spatial and 
temporal variation in nocturnal 
bird iwpulations or the potential 
collision risk. Following nocturnal 
stiidy methods in Kunz et al. (2007) 
is recommended to determine 
relative abundance, flight direction 
and flight altitude for assessing risk 
to migrating birds, if warrant^.
If areas of interest are witlun the 
range of nocturnal species of concern 
(e.g., marbled murrelet, northern 
spotted owl, Hawaiian petrel, 
Newell’s shearwater), surveyors 
should use species-speciflc protocols 
recommended by state wildlife 
agencies, Tribes or Service to assess 
the species’ potential presence in the 
area of interest.

In contrast to the diurnal avian 
survey techm’ques previously 
described, considerable variation 
and uncertainty exist on the 
optimal protocols for using acoustic 
monitoring devices, radar, and 
other techniques to evaluate species 
composition, relative abundance, 
flight height, and trajectory of 
nocturnal migrating birds. While 
an active area of research, the use 
of radar for determining passage 
rates, flight heights and ^ght 
directions of nocturnal migrating 
animals has yet to be shown as 
a good indicator of collision risk.
Pre- and post-construction studies 
comparing radar monitoring results 
to estimates of bird and bat fatidities 
will be necessary to evaluate radar 
as a tool for pre^cting collision risk. 
Additional studies are also needed 
before making recommendations on 
the number of nights per season or 
the number of hours per night that 
are appropriate for radar studies of 
nocturnal bird migration (Mabee et 
al., 2006).

Bat survey methndH

The Service recommends that all 
techniques discussed below be 
conducted by biologists trained in 
bat identiflcation, equipment use, 
and the analysis and interpretation 
of data resulting from the design and 
conduct of the studies. Activities 
that involve capturing and handling 
bats may require permits from state 
and/or federal agencies.

Acoustic Monitoring

Acoustic monitoring provides 
information about bat presence and 
activity, as well as seasonal changes 
in species occurrence and use, but 
does not measure the number of 
individual bats or population density. 
The goal of acoustic monitoring is to 
provide a prediction of the potential 
risk of bat fatalities resulting from 
the construction and operation 
of a project. Our current state of 
knowledge about bat-wind turbine 
interactions, however, does not allow 
a quantitative link between pre
construction acoustic assessments of 
bat activity and operations fatalities. 
Discussions with experts, state 
wildlife trustee agencies, Irib^, and
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Service will be needed to determine 
whether acoustic monitoring is 
warranted at a proposed project site.

The predominance of bat fatalities 
detected to date are migratory 
species and acoustic monitoring 
should adequately cover periods 
of migration and periods of known 
high activity for other (i.e., non- 
migratory) species. Monitoring 
for a full year is recommended in 
areas where there is year round 
bat activity. Data on environmental 
variables such as temperature and 
wind speed should be collected 
concurrently with acoustic 
monitoring so these weather data 
can be used in the analysis of bat 
activity levels.

The number and distribution of 
sampling stations necessary to 
adequately estimate bat activity 
have not been well established but 
will depend, at least in part, on the 
size of the project area, variability 
within the project area, and a 
Tier 2 assessment of potential bat 
occurrence.

The number of detectors needed 
to achieve the desired level of 
precision will vary depending on the 
within-site variation (e.g., Arnett 
et al. 2006, Weller 2007, See also,
Bat Conservation International 
website for up-to-date survey 
methodologies). One frequently 
used method is to place acoustic

detectors on existing met towers, 
approximately every two kilometers 
across the site where turbines are 
expected to be sited. Acoustic 
detectors should be placed at high 
positions (as high as practicable, 
based on tower height) on each 
met tower included in the sample 
to record bat activity at or near 
the rotor swept zone, the area of 
presumed greatest risk for bats. 
Developers should evaluate whether 
it would be cost effective to install 
detectors when met towers are first 
established on a site. Doing so might 
reduce the cost of installation later 
and might alleviate time delays to 
conduct such studies.

If sampling at met towers does not 
adequately cover the study area 
or provide sufficient replication, 
ad^tional sampling stations can be 
established at low positions (~1.5-2 
meters) at a sample of existing met 
towers and one or more mobile 
units (i.e., units that are moved to 
different locations throughout the 
study period) to increase coverage 
of the proposed project area. When 
practical and based on information 
from Tier 2, it may be appropriate 
to conduct some acoustic monitoring 
of features identified us potentially 
high bat use areas within the study 
area (e.g., bat roosts and caves) to 
determine use of such features.

There is growing interest in 
determining whether “low” position

samples (—1.6-2 meters) can provide 
equal or greater correlation with 
bat fatalities than “high” position 
samples (described above) because 
this would substantially lower cost 
of this work. Developers could 
then install a greater number of 
detectors at lower cost resulting 
in improved estimates of bat 
activity and, potentially, improved 
qualitative estimates of risk to bats. 
This is a research question that is 
not expected to be addressed at a 
project.

Other hat survey techniques

Occasionally, other techniques 
may be needed to answer T^er 3 
questions and complement the 
information from acoustic surveys. 
Kunz et al. (2007), NAS (2007),
Kunz and Parsons (2009) provide 
comprehensive descriptions of bat 
survey techniques, including those 
identified below that are relevant 
for Tier 3 studies at wind energy 
facilities.

Rooat Searches and Exit Counts

Pre-construction survey efforts 
may be recommended to determine 
whether known or likely bat roosts 
in mines, caves, bridges, buildings, 
or other potential roost sites occur 
within the project vicinity, and to 
confirm whether known or likely bat 
roosts are present and occupied by 
bats. If active roosts are detected, 
it may be appropriate to address 
questions about colony size and 
species composition of roosts. Exit 
counts and roost searches are two 
approaches to answering these 
questions, and Rainey (1995), Kunz 
and Parsons (2009), and Sherwin et 
al. (2009) are resources that describe 
options and approaches for these 
techniques. Roost searches should 
be performed cautiously because 
roosting bats are sensitive to human 
disturbance (Kunz et al. 1996). 
Known maternity and hibernation 
roosts should not be entered 
or otherwise disturbed unless 
authorized by state and/or federal 
wildlife agencies. Internal searches 
of abandoned mines or caves can 
be dangerous and should only be 
conducted by trained researchers. 
For mine survey protocol and
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guidelines for protection of bat 
roosts, see the appendices in Pierson 
et at. (1999). Exit surveys at known 
roosts generally should be limited to 
non-invasive observation using low- 
light binoculars and infrared video 
cameras.

Multiple surveys should be 
conducted to determine the presence 
or absence of bats in caves and 
mines, and the number of surveys 
needed will vary by species of bats, 
sex (maternity or bachelor colony) 
of bats, seasonality of use, and type 
of roost structure (e.g., caves or 
mines). For example, Sherwin et al. 
(2003) demonstrated that a minimum 
of three surveys are needed to 
determine the absence of large 
hibernating colonies of Townsend’s 
big-eared bats in mines (90 percent 
probability), while a minimum of 
nine surveys (during a single warm 
season) are necessary before a mine 
could be eliminated as a bachelor 
roost for this species (90 percent 
probability). An average of three 
surveys was needed before surveyed 
caves could be eliminated as bachelor 
roosts (90 percent probability). The 
Service recommends that decisions 
on level of effort follow discussion 
with relevant agencies and bat 
experts.

Activity Patterns

If active roosts are detected, it may 
be necessary to answer questions 
about behavior, movement patterns, 
and patterns of roost use for bat 
species of concern, or to further 
investigate habitat features that 
might attract bats and pose fatality 
risk. For some bat species, typically 
threatened, endangered, or state- 
listed species, radio telemetry 
or radar may be recommended 
to assess both the direction of 
movement as bats leave roosts, 
and the bats’ use of the area being 
considered for development Kunz 
et al. (2(X)7) describe the use of 
telemetry, radar and other tools 
to evaluate use of roosts, activity 
patterns, and flight direction from 
roosts.

Mist-Netting for Bats

While mist-netting for bats is 
required in some situations by 
state agencies, Tribes, and the 
Service to determine the presence 
of threatened, endangered or other 
bat species of concern, mist-netting 
is not generally recommended 
for determining levels of activity 
or assessing risk of wind energy
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development to bats for the following 
reasons: 1) not all proposed or 
operational wind energy facilities 
offer conditions conducive to 
capturing bats, and often the 
number of suitable sampling points 
is minimal or not closely associated 
with the project location; 2) capture 
efforts often occur at water sources 
offsite or at nearby roosts and the 
results may not reflect species 
presence or use on the site where 
turbines are to be erected; and 3) 
mist-netting isn't feasible at the 
height of the rotor-swept zone, and 
captures below that zone may not 
adequately reflect risk of fatality. If 
mist-netting is employed, it is best 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site.

White-Nose Syndrome

White-nose syndrome Is a disease 
affecting hibernating bats. Named 
for the white fungus that appears 
on the muzzle and other body 
parts of hibernating bats, WNS is 
associated with extensive mortality 
of bats in eastern North America.
All contractors and consultants 
hired by developers should employ 
the most current version of survey 
and handling protocols to avoid 

transmitting white-nose syndrome 
between bats.

Other wildlife

While the above guidance 
emphasizes the evaluation of 
potential impacts to birds and 
bats, Tier 1 and 2 evaluations may 
identify other species of concern. 
Developers are encouraged to 
assess adverse impacts potentially 
caused by development for 
those species most likely to be 
negatively affected by such 
development. Impacts toother 
species are primarily derived 
from potential habitat loss or 
displacement. The general 
guidance on the study design and 
methods for estimation of the 
distribution, relative abundance, 
and habitat use for birds is 
applicable to the study of other 
wildlife. References regarding 
monitoring for other wildlife 
are available in Appendbc C:
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Sources of Information Pertaining 
to Methods to Assess Impacts 
to Wildlife. Nevertheless, moat 
methods and metrics will be species- 
specific and developers ai'e advised 
to work with the state, tribal, or 
federal agencies, or other credible 
experts, as appropriate, during 
problem formulation for Tier 3.

Tier 3 Decision Points

Developers and the Service should 
communicate prior to completing 
the Tier 3 decision process. A 
developer should inform the Service 
of the results of its studies and 
plans. The Service will provide 
written comments to a developer 
on study and project development 
plans that identify concerns and 
recommendations to resolve the 
concerns. The developer and, when 
applicable, the permitting authority 
will make a decision regarding 
whether and how to develop the 
project. The decision point at the 
end of Tier 3 involves three potential 
outcomes:

1. Development of the site has a low 
probability of significant adverse 
impact based on existing and new 
information.

There is little uncertainty 
regarding when and how 
development should proceed, and 
adequate information exists to 
satisfy any required permitting. 
The decision process proceeds to 
permitting, when required, and/or 
development, and Tier 4.

2. Development of the site has a 
moderate to high probability 
of significant adverse impacts 
without proper measures being 
taken to mitigate those impacts. 
This outcome may be subdivided 
into two possible scenarios:

a. There is certainty regarding 
how to develop the site 
to adequately mitigate 
significant adverse impacts. 
The developer ba.ses their 
decision to develop the site 
adopting proper mitigation 
measures and appropriate 
post-construction fatality and 
habitat studies (Tier 4).
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b. There is uncertainty
regarding how to develop the 
site to adequately mitigate 
significant adverse impacts, or 
a permitting process requires 
additional information on 
potential signiheunt adverse 
wildlife impacts before 
permitting future phases of 
the project. The developer 
bases their decision to develop 
the site adopting proper 
mitigation measures and 
appropriate post-construction 
fatality and habitat studies 
(Tier 4).

3. Development of the site has a 
high probability of significant 
impact that:

a. Cannot be adequately 
mitigated.

Site development should be 
delayed until plans can be 
developed that satisfactorily 
mitigate for the significant 
adverse impacts. Alternatively, 
the site should be abandoned in 
favor of known sites with less 
potential for environmental 
impact, or the developer

begins an evaluation of other sites 
or landscapes for more acceptable 
sites to develop.

b. Can be adequately mitigated.

Developer should implement 
mitigation measures and proceed 
to Tier 4.
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Chapter 5: Tier 4 - Post-construction Studies to 

Estimate Impacts
The outcome of studies in Tiers 
1,2, and 3 will determine the 
duration and level of eflbrt of post
construction studies.

Tier 4 post-construction studies 
are designed to assess whether 
predictions of fatality risk and direct 
and indirect impacts to habitat of 
species of concern were correct. 
Fatality studies involve searching 
for bird and bat carcasses beneath 
turbines to estimate the number 
and species composition of fatalities 
(Tier 4a). Habitat studies involve 
application of GIS and use data 
collected in Tier 3 and Tier 4b and/ 
or published information. Post
construction studies on direct and 
indirect impacts to habitat of species 
of concern, including species of 
habitat fragmentation concern need 
only be conducted if Tier 3 studies 
indicate the potential for significant 
adverse impacts.

Tier 4a - Fatality Studies

At this time, community- and utility- 
scale projects should conduct at 
least one year of fatality monitoring. 
The intensity of the studies should 
be related to risks of significant 
advei'se impacts identified in pre
construction assessments. As data 
collected with consistent methods 
and metrics increases (see discussion 
below), it is possible that some future 
projects will not warrant fatality 
monitoring, but such a situation 
is rare with the present state of 
knowledge.

Fhtality monitoring should occur 
over all seasons of occupancy for the 
species being monitored, based on 
Information produced in previous 
tiers. The number of seasons and 
total length of the monitoring 
may be determined separately for 
bats and birds, depending on the 
pre-construction risk assessment, 
results of Tier 3 studies and Tier 4 
monitoring from comparable sites 
(see Glossary in Appendix A) and
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the results of first year fatality 
monitoring. Guidance on the 
relationship between these variables 
and monitoring for fatalities is 
provided in Tbble 2.

It may be appropriate to conduct 
monitoring using different durations

and intervals depending on the 
species of concern. For example, if 
raptors occupy an area year-round, 
it may be appropriate to monitor 
for raptors throughout the year 
(12 months). It may be warranted 
to monitor for bats when they are 
active (spring, summer and fall or
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approximately eight months). It 
may be appropriate to increase 
the search frequency during the 
months bats are active and decrease 
the frequency during periods of 
inactivity. Ail fatality monitoring 
should include estimates of carcass 
removal and carcass detection bias 
likely to influence those rates.

Tier 4a Questions

PostHMnstruction fatality monitoring 
should be designed to answer the 
following questions as appropriate 
for the individual project:

1. What are the bird and bat 
fatality rates for the project?

2. What are the fatality rates of 
species of concern?

3. How do the estimated fatality 
rates compare to the predicted 
fatality rates?

4. Do bird and bat fatalities 
vary within the project site in 
relation to site characteristics?

5. How do the fatality rates 
compare to the fatality rates 
from existing projects in similar 
landscapes with similar species 
composition and use?

6. What is the composition 
of fatalities in relation to 
migrating and resident birds 
and bats at the site?

7. Do fatality data suggest the 
need for measures to reduce 
impacts?

Tier 4a studies should be of 
sufQcient statistical vali^ty to 
address Tier 4a questions and 
enable determination of whether 
Tier 3 fatality predictions were 
correct Fht^ty monitoring results 
also should allow comparisons with 
other sites, and provide a basis for 
determining if operational changes 
or other mitigation measures at the 
site are appropriate. The Service 
encoiu^ges project operators to 
discuss ^er 4 studies uath local, 
state, federal, and trilml wildlife 
agencies. The number of years of 
monitoring is based on outcomes of

Tier 3 and Tier 4 studies and analysis 
of comparable Tier 4 data from other 
projects as indicated in Table 2. The 
Service may recommend multiple 
years of monitoring for projects 
located near a list^ species or bald 
or golden eagle, or o^er situations, 
as appropriate.

Tier 4a Protocol Design 
Considerations

The ba^c method of measuring 
fatality rates is the carcass 
search. Search protocols should be 
standaitiized to the greatest extent 
possible, especially for common 
objectives and species of concern, 
and they should include methods 
for ad^uately accounting for 
sampling biases (searcher etiiciency 
and scavenger removal). However, 
some situations warrant exceptions 
to standardized protocol. The 
responsibility of demonstrating 
that an exception is appropriate and 
applicable should be on the project 
operator to justify increasing or 
decreasing the duration or intensity 
of operations monitoring.

Some general guidance is given 
below with regard to the following 
fatality monitoring protocol design 
issues:

• Duration and frequency of 
monitoring

• Number of turbines to monitor

• Delineation of carcass search 
plots, transects, and habitat 
mapping

• General search protocol

• Field bias and ei'ror 
assessment

• Estimators of fatality

More detailed descriptions 
and methods of fatality search 
protocols can be found in the 
California (California Energy 
Commission 2007) and Pennsylvania 
(Pennsylvania Game Commission 
2007) state guidelines and in Kunz 
et al. (^07), Smallwood (2007), and 
Stricldand et al. (2011).

and frenuencv of 
monitoring

FVequency of carcass searches 
(search interval) may vary for birds 
and bats, and \rill vary depending 
on the questions to be answered, 
the species of concern, and their 
seasonal abundance at the project 
»te. The carcass searching protocol 
should be adequate to answer 
applicable Tier 4 questions at 
an appropriate level of precision 
to n^e general concli^ions 
about the project, and is not 
intended to provide highly precise 
measurements of fatalities. Except 
during low use times (e.g. winter 
months in northern states), the 
Service recommends that protocols 
be designed such that carcass 
searches occur at some turbines 
within the project area most days 
each week of ^e study.

The search interval is the interval 
between carcass searches at 
individttsd turl^es, and this interval 
may be lengthened or shortened 
depending on the carcass removal 
rates. If primal^ focus is on 
fatalities of lat^ raptors, where 
carcass remov^ is typically low, then 
a longer interval between searches 
(e.g., 14^28 days) is sutilcient. 
However, if the focus is on fatalities 
of bats and small birds and carcass 
removal is high, then a shorter 
search interval will be necessary.

There are situations in which 
studies of higher intensity (e.g., 
daily searches at individual 
turbines within the sample) may 
be appropriate. These would be 
considered only in Tier 6 studies or 
in research programs because the 
greater complexity and level of effort 
goes beyond that recommended 
for typical Tier 4 post construction 
monitoring. Tier 5 and research 
studies could include evaluation of 
specific measures that have been 
implemented to mitigate potential 
significant adverse impacts to 
species of concern identified during 
pre-construction studies.

of turbines to monitor

If available, data on variability 
among turbines from existing
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projects in similar conditions within 
the same region are recommended 
as a basis for determining needed 
sample size (see Morrison et al., 
2008). If data are not available, 
the Service recommends that 
an operator select a sufficient 
number of turbines via a systematic 
sample with a random staH point. 
Sampling plans can be varied (e.g., 
rotating panels [McDonald 2003, 
Fuller 1999, Breidt and Fuller 
1999, and Urquhart et al. 1998]) 
to increase efficiency as long as 
a probability sampling approach 
is used. If the project contains 
fewer than 10 turbines, the Service 
recommends that all turbines in 
the area of interest be searched 
unless otherwise agreed to by the 
permitting or wildlife resource 
agencies. When selecting turbines, 
the Service recommends that a 
systematic sample with a random 
start be used when selecting search 
plots to ensure inlerspersion 
among turbines. Stratification 
among different habitat types also 
is recommended to account for 
differences in fatality rates among 
different habitats (e.g., grass versus 
cropland or forest); u sufficient 
number of turbines should be 
sampled in each strata.

Delineation of carcass search plots, 
transects, and habitat mapping

36

Evidence suggests that greater 
than 80 percent of bat fatalities fall 
within half the maximum distance of 
turbine height to ground (Erickson 
2003 a, b), and a minimum plot width 
of 120 meters from the turbine 
should be established at sample 
turbines. Plots will need to be larger 
for birds, with a width twice the 
turbine height to ground. Decisions 
regarding search plot size should be 
made in discussions with the Service, 
state wildlife agency, permitting 
agency and TVibes. It may be 
useful to consult other scientifically 
credible information sources.

The Service recommends that each 
search plot should be divided into 
oblong subplots or belt transects 
and that each subplot be searched. 
The objective is to find as many 
carcasses as possible so the width of 
the belt will vary depending on the 
ground cover and its influence on 
carcass visibility. In most situations, 
a search width of 6 meters should 
be adequate, but this may vary from 
3-10 meters depending on ground 
cover.

Searchable area within the 
theoretical maximum plot size 
varies, and heavily vegetated areas 
(e.g., eastern mountains) often do 
not allow surveys to consistently 
extend to the maximum plot wirlth.
In other cases it may be preferable 
to search a portion of the maximum 
plot instead of the entire plot. For 
example, in some landscapes it may 
be impractical to search the entire 
plot because of the time required 
to do an effective search, even if it 
is accessible (e.g., croplands), and 
data from a probability sample 
of subplots within the maximum 
plot size can provide a reasonable 
estimate of fatalities. It is important 
to accurately delineate and map the 
area searched for each turbine to 
adjust fatality estimates based on 
the actual area searched. It may 
be advisable to establish habitat 
visibility classes in each plot to 
account for differential detectability, 
and to develop visibility classes for 
difrerent landscapes (e.g., rocks, 
vegetation) within each search ploL 
Fbr example, the Pennsylvania Game 
Commission (2007) identified four 
classes based on Che percentage of

bare ground.

The use of visibility classes requires 
Chat detection and removal biases 
be estimated for each class. Fatality 
estimates should be made for each 
class and summed for the total area 
sampled. Global positioning systems 
(GPS) are useful for accurately 
mapping the actual total area 
searched and area searched in each 
habitat visibility class, which can 
be used to adjust fatality estimates. 
The width of the belt or subplot 
searched may vary depending on the 
habitat and species of concern; the 
key is to determine actual searched 
area and area searched in each 
visibility class regardless of transect 
width. An adjustment may also 
be needed to take into account the 
density of fatalities as a function of 
the width of the search plot.

General search protocol

Personnel trained in proper search 
techniques should look for bird 
and bat carcasses along transects 
or subplots within each plot and 
record and collect all carcasses 
located in the searchable areas. The 
Service will work with developers 
and operators to provide necessary 
permits for carcass possession. A 
complete search of the area should 
be accomplished and subplot 
size (e.g., transect width) should 
be adjusted to compensate for 
detectability differences in the 
search area. Subplots should be 
smaller when vegetation makes 
it difficult to detect carcasses; 
subplots can be wider in open 
terrain. Subplot width also can vary 
depending on the size of the species 
being looked for. For example, small 
species such as bats may require 
smaller subplots than larger species 
such as raptors.

Data to be recorded include date, 
start time, end time, observer, 
which turbine area was searched 
(including GPS coordinates) and 
weather data for each search.
When a dead bat or bird is found, 
the searcher should place a flag 
near the carcass and continue the 
search. After searching the entire 
plot, the searcher returns to each 
carcass and records information
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on a fatality data sheet, including 
date, species, sex and age (when 
possible), observer name, turbine 
number, distance turbme, 
azimuth from turbine (including GPS 
coordinates), habitat surrounding 
carcass, conation of carcass (entire, 
partial, scavenged), and estimated 
time of death (e.g., <1 day, 2 days). 
The recorded data will ultimately 
be housed in the FWS Ofilce of 
Law Enforcement Bird Mortality 
Reporting System. A digital 
photograph of the carcass should be 
taken. Rubber ^oves should be used 
to handle all carcasses to eliminate 
posable tmsmission of rabies or 
other diseases and to reduce possible 
human scent bias for carcasses 
later used in scavenger removal 
trials. Carcasses should be placed 
in a plastic bag and labeled. Unless 
otherwise conditioned by the carcass 
possession permit, fresh carcasses 
(those determined to have been 
killed the night immediately before 
a search) should be redistributed at 
random points on the same day for 
scavenging trials.

Field bias and error assessment

During searches conducted at wind 
turbines, actual fatalities are likely 
incompletely observed. Therefore 
carcass counts must be adjusted 
by some factor that accounts for 
imperfect detectability (Huso 
2011). Important sources of bias 
and error include: 1) fatalities that 
occur on a highly periodic basis; 2) 
carcass removal by scavengers; 3) 
differences in searcher efficiency; 4) 
failure to account for the influence 
of site (e.g. vegetation) conditions 
in relation to carcass removal and 
seai*cher efficiency; and 5) fatalities 
or irtjured birds and bats that may 
land or move outside search plots.

Some fatalities may occim on a 
highly periodic basis creating a 
potential sampling error (number 
1 above). TheSe^cerccommends 
that sampling be scheduled so that 
some turbines are searched most 
days and episodic events are more 
likely detected, regardless of the 
search interval. To s^dress bias 
sources 2-4 above, it is strongly 
recommended that all fatality 
studio conduct carcass rcmoval

and searcher effidency trials using 
accepted methods (Anderson 1^, 
Kunz et al. 2(X)7, Arnett et al. 2007, 
NRC 2007, Strickland et al. 2011). 
Bias trials should be conducted 
throughout the entire study period 
and searchers should be unaware 
of which turbine are to be used 
or the number of carcasses placed 
beneath those turbines during trials. 
Carcasses or injured individuals 
may land or move outside the search 
plots (number 6 above). With 
respect to Tier 4a fatality estimates, 
this potential sampling error is 
considered to be small and can be 
assumed insignificant (Stricldand et 
al. 2011).

Prior to a study’s inception, a list 
of random turbine numbers and 
random azimuths and dtetances (in 
meters) from turbines should be 
generated for placement of each 
bat or bird used in bias trials. Data 
recorded for each trial carcass prior 
to placement should include date of 
placement, species, turbine number, 
distance and direction from turbine, 
and visibility class surrounding the 
carcass. IHal carcasses should be 
distributed as equally as possible 
among the different visibility classes 
throughout the study period and 
study area. Studies should attempt 
to avoid “over-seeding” any one 
turbine with carcasses by placing 
no more than one or two carcasses 
at any one time at a given turbine. 
Before placement, each carcass must 
be uniquely marked in a manner that 
does not cause ad^Uonal attraction, 
and its location should be recorded. 
There is no agreed upon sample size 
for bias trials, though some state 
guidelines recommend from 50-200 
carcasses (e.g,, PGC 2007).

Estimators of fatality

If there were a direct relationship 
between the number of carcasses 
observed and the number killed, 
there would be no need to develop 
a complex estimator that adjusts 
observed counts for detectability, 
and observed counts could be 
used as a simple index of fatality 
(Huso 2011). But the relationship 
is not direct and raw carcass 
counts recorded using different 
search intervals and under

different c^cass removal rates 
and searcher efficiency rates are 
not directly comparable. It is 
strongly recommended that only 
the most contemporary equations 
for estimating fatality be used, as 
some original versions are now 
known to be extremely biased under 
many commonly encountered field 
conations (Erickson et al. 2(KI0b, 
Erickson et al. 2004, Johnson et al. 
2003, Kerns and Kerllnger 2004, 
Fiedler et al. 2007, Kronner et {d. 
2007, Smallwood 2007, Huso 2011, 
Strickland et al. 2011).

Tier 4a Study 0b|aclives

In addition to the monitoring 
protocol design considerations 
described above, the metrics used 
to estimate fatality rates must be 
selected with the Tier 4a questions 
and objectives in mind. Metrics 
consideraUons for each of the Her 
4a questions are discussed briefly 
below. Not all questions will be 
relevant for eac^ project, and which 
questions apply would depend on 
Tiers outcomes.

1. What are the bird and bat 
fatality rates for the project?

The primary objective of fatality 
searches is to determine the overall 
estimated fatality rates for birds and 
bats for the project These rates 
serve as the fundamental basis for 
all comparisons of fatalities, and if 
studies are deigned appropriately 
they allow researchers to relate 
fatalities to site characteristics 
and environmental variables, and 
to evaluate mitigation measures. 
Several metrics are available for 
expressing fatality rates. Early 
studies reported fatality rates per 
turbine. However, this metric is 
somewhat misleading as turbine 
sizes and their risks to bfrds vary 
significantly (NRC 2007). Fatalities 
are frequently reported per 
nameplate capacity (i.e. MW), a 
metric that is easily calculate and 
better for comparing fatality rates 
among different sized turbines.
Even with turbines of the same 
name plate capacity, the size of the 
rotor swept area may vary among 
manufacturers, and turbines at 
various sites may operate for
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different lengths of time and during 
different times of the day and 
seasons. With these considerations 
in mind, the Service recommends 
that fatality rates be expressed on a 
per-turbine and per-nameplate MW 
basis until a better metric becomes 
available.

2. What are the fatality rates of 
species of concern?

This analysis simply involves 
calculating fatalities per turbine of 
all species of concern at a site when 
sample sizes are sufficient to do so. 
These fatalities should be expressed 
on a per nameplate MW basis if 
comparing species fatality rates 
among projects.

3. How do the estimated fatality 
rates compare to the predicted 
fatality rates?

There are several ways that 
predictions can be evaluated 
with actual fatality data. During 
the planning stages in Tier 2, 
pre^cted fatalities may be based 
on existing data at similar facilities 
in similar landscapes used by 
similar species. In this case, the 
assumption is that use is similar, 
and therefore that fatalities may 
be similar at the proposed facility. 
Alternatively, metrics derived from 
pre-construction assessments for 
an individual species or group of 
species - usually an index of activity 
or abundance at a proposed project - 
could be used in conjunction with use 
and fatality estimates from existing 
projects to develop a model for 
predicting fatalities at the proposed 
project site. Finally, physical models 
can be used to predict the probability 
of a bird of a particular size striking 
a turbine, and this probability, in 
conjunction with estimates of use 
and avoidance behavior, can be used 
to predict fatalities.

The most current equations for 
estimating fatality should be used 
to evaluate fatality predictions. 
Several statistical methods can be 
found in the revised Strickland et

al. 2011 and used to evaluate fatality 
predictions. Metrics derived from 
Tier 3 pre-construction assessments 
may be correlated with fatality 
rates, and (using the project as the 
experimental unit), in Tier 5 studies 
it should be possible to determine 
if different preconstruction metrics 
can in fact accurately predict 
fatalities and, thus, risk.

4. Do bird and bat faUlitics 
vary within the project site in 
relation to site characteristics?

Data from pre-construction 
studies can demonstrate patterns 
of activity that may depend upon 
the site characteristics. 'I\irbines 
placed near escarpments or cliffs 
may intrude upon airspace used by 
raptors soaring on thermals. Pre
construction and post construction 
studies and assessments can be used 
to avoid siting individual, specific 
turbines within an area used by 
species of concern. T\irbine-specific 
fatality rates may be related to site 
characteristics such as proximity 
to water, forest edge, staging and 
roosting sites, known stop-over 
sites, or other key resources, and 
this relationship may be estimated 
using regression analysis. This 
information is particularly useful 
for evaluating micro-siting options 
when planning a future facility or, on 
a broader scale, in determining the 
location of the entire project.

5. How do the fatality rates 
compare (o the fatality rates 
from existing facilities in 
similar landscapes with similar 
species composition and use?

Comparing fatality rates among 
facilities with similar characteristics 
can be useful to determine patterns 
and broader landscape relationships. 
Developers should communicate 
with the Service to ensure that 
such comparisons are appropriate 
to avoid false conclusions. Fatality 
rates should be expressed on a 
per nameplate MW or some other 
standardized metric basis for 
comparison with other projects,
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and may be correlated with site 
characteristics - such as proximity 
to wetlands, riparian corridors, 
mountain-footlull interface, wind 
patterns, or other broader landscape 
feature - using regression analysis. 
Comparing fatality rates from one 
project to fatality rates of other 
projects provides insight into 
whether a project has relatively 
high, moderate or low fatalities.

6. What is the composition 
of fatalities in relation to 
migrating and resident birds 
and bats at the site?

The simplest way to address this 
question is to separate fatalities per 
turbine of known resident species 
(e.g., big brown bat, prairie horned 
lark) and those known to migrate 
long distances (e.g. hoary bat, red
eyed vireo). These data are useful 
in determining patterns of species 
composition of fatalities and possible 
mitigation measures directed at 
residents, migrants, or perhaps 
both, and can be us^ in assessing 
potential population effects.

' In Hituntions where a projccL operator was not the developer, the Service expccta that obligations of the dG\*ctopcr Tor adhering to the Guidelines 
transfer \^ith the project
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Table 2. Decision Framework for 'Her 4a Fatality Monitoring of Species of Concern."

Probability 
of Significant 
Advene Impacts 
in Tiers
TietSBtadiea 
indicate LOW 
probability 
of^gnifieant 
adverse impacts

Recommended Fatality Monitoring 
Duration and Effort

Duration: At least one year of &taiitymonit(»iDg 
to estimate fatalities ofbirds and bats. Field 
assesaments ^lould be sufildent to confinn that risk 
to birds wd/or bats is indeed ‘low”

Possible Outcomes of Monitoring Results

1. Documented fatalities are approximatelv equal
to or lowm* than piloted Nofbrtner
fatality monitoring or mitigatjon is needed.

2. Fatalities are greater than predicted, but are 
not likely to be dgniftcant (Le., unlikely to 
affect the long'term status of the popi^tion). 
If comparabte &tality data at dmuv sites

no comparable fhtality data are available or 
sudi d^ indicates h^ risk, one additional

further 
recommend

monitoring or mitigation is

Tiers studies 
indicate 
MODERATE 
probability 
of significant 
adverse impacts

Tiers
mdte^HIGH 
probability 
of significant 
adverse impacts

Duration: Two or more years of &tality monitoxing 
may be nee^sary to document fatality pattern

If fatality is high, devel<q>ers should shift emphasis 
to ex^oring opportunities for mitintion rather tl^ 
cdhtmuing to monitor fatalities. Iffatalities 
variable, additional years are likely warranted.

Duration: Two or more years of fatality monitoring 
may be necessary.

Field usse.ssments should be suffident to confirm 
that risk to birds and/or bats is indeed “m<M^rate.” 
Closely compare estimated effects to spedes to those 
determined from the risk assessment protocolCs).

fspedes or BGBPA spedes are 
affected. Communication with the Service 
isrecmranended. Furthm'. efforts to addr^ 
impacts to BGEPA or ESA spedes may be 
vmrranted, unlesB otherwise a<^es8ea in an 
ESA or BGEPA take penidt.

1. Documented fatalities after the first two years 
are lower or not different than predicted and 
are not significant and no federally endangered 
spedes or BGEPA ^ledes are affected - no 
further fhtality momtoring or mitigation is 
needed.

or threatened spedes or BGEPA 
affected, communication with the Service is 
recommended. Farther efforts to address 
impacts to BGEPA or ESA spedes may be 
warranted, unless otherwise addressed in an 
ESA or BGEPA take permit.

1. Documented fatalities during eadx year of 
fiatal^ monitotihg are less wan predicted and 
are hoc Ulmly to be sitpiiflcant, and no fiedei^y 
endangered or thmtened spedes or BGEPA 
^xedes are affected - no fUnher fatality 
monitoring or mitigation is needed.

2. Fatalities are equal to or greater than predicted 
and are likely to be significant - further efforts 
to reduce imp^ are necKsary: eommunkation 
with the Ser^ are recommended. Further 
efforta, such as Tier 6 studtes, to address
impacts to BGEPA or ESA spedes may be 
warranted unless otherwise addresr 
ESA or BGEPA take permit

® Ensure that survey protocols, and searchor officfpncy and scavenger removal hias correction factors are the most rdtaWc, robust, and up to date 
(after Huso 2009).
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7. Do faiality daU sugg^t the 
need for measures to reduce 
impacts?

The Service recommends that 
the wind project operator^ and 
the relevant agencies discuss the 
results from Tier 4 studies to 
determine whether these impacts 
are signiiicant. If fatalities are 
considei’ed signihcant, the wind 
project operator and ^e relevant 
agencies should develop a plan to 
mitigate the impacts.

Tier 4b - Assessing direct and 
indirect impacts of habitat loss, 
degradation, and fragmentation

The objective of Tier 4b studies is to 
evaluate Tier 3 pi^dictions of direct 
and indirect impacts to habitat and 
the potentiai for signiiicant adverse 
impacts on species of concern as 
a r^ult of these impacts. Tier 4b 
studies should be conducted if Tier 
3 studio indicate the presence of 
species of habitat fra^entation 
concern, or if Tier 3 studies indicate 
significant direct and indirect 
adverse impacts to species of 
concern (see discussion below).
Tier 4b studies should also inform 
project operators and the Service as 
to whether additional mitigation is 
necessary.

Tier 4b studies should evaluate the 
ft^owing questions:

1. How do post-conslxuctiun 
habitat quality and spatial 
configuration of the study area 
compare to predictions for 
species of concern identified in 
Tier 3 studies?

2. Were any behavioral 
modifications or indirect 
impacts noted in regard to 
species of concern?

3. If significant advei^e impacts 
were predicted for species of 
concern, and the project was 
altered to mitigate for adverse 
impacts, were those efforts 
successful?

4. Ifsignificant adverse impacts
predicted for species of

concern, and the project was 
altered to mitigate for adverse 
Impacts, were those efforts 
successful?

The answers to these questions will 
be based on information estimating 
habitat loss, degradation, and 
fiagmentation information collected 
in Tier 3, currently available 
demographic and genetic data, and 
studies initiated in Tier 3. As k the 
case of Tier 4a, the answers to these 
questions will determine the need to 
conduct Tier 5 studies. Fbr example, 
in the case that significant adverse 
impacts to sped^ of concern were 
predicted, but mitigation was not 
successful, then additional mitigation 
and Tier 5 studies may be necessary. 
See Table 3 for further guidance.

1. Howdopost'constnictlon 
habitat quality and spatial 
configuration of the study area 
compare to predictions for 
species of concern identified in 
Tier 3 studies?

GIS and demographic data 
collected in Tier 3 and/or 
published information can be 
used to determine predictions of 
impacts to spedes of concern from 
habitatloss, degradation, and 
fragmentation. The developer can 
provide development assumptions 
based on Tier 3 information that can 
be compared to post-construction 
information. Additional post- 
construction studies on impacts to 
species of concern due to ^ect and 
indirect impacts to habitat should 
only be conducted if Tier 3 studies 
indicate the potential iw significant 
adverse impacts.

2. Were any behavioral 
modifications or indirect 
impacts noted in regard to 
aHecied ^lecies?

Evaluation of this question is based 
on the analysis of observed use of 
the area by species of concern prior 
to construction in comparison with 
observed use during op^tion. 
Observations and demographic 
data collected during Tier 3, and 
assessment of published information 
about the potential for displacement

and demographic responses to habit 
impacts could be the basis for this 
analysis. If this analysis suggests 
that direct and/or indirect loss of 
habitat for a species of concern 
leads to behavioral modifications or 
displacement that are significant, 
further studies of these impacts in 
Tier 5 may he appropriate.

3. If significant adverse impacts 
were not predicted in Tier 3 
because of loss, degradation, or 
fragmentation of habitat, but 
Tier 4b studies indicate such 
impacts have the potential to

occui; can these impacts be 
mitigated?

When Her 4b studies indicate 
significant impacts may be 
occurring, the developer may need 
to conduct an assessment of these 
impacts and what opportumties exist 
for additional mitigation.

4. If significant adverae impacts 
were predicted for species of 
concern, and the project was 
altered to mitigate for adverse 
impacts, were those efforts 
successful?

When Tier 4b studies indicate 
significant impacts may be 
occurring, the develops may need 
to conduct an assessment of these 
impacts and what opportunities ^st 
for additional mitigation. Evaluation 
of the e^e^ven^ of mitigation is a 
Tier 4 study and should follow design 
considerations discussed in Tiers 
and from guidance in the scientific 
Uterature (e.g. Strickland et al.
2011).

When Tier 3 studies identified 
potential moderate or high risks 
to species of concern that caused a 
developer to incorporate mitigation 
measures into the project, Tier 
4b studies should evaluate the 
efiectiveness of those mitigation 
measures. Determining such 
effectiveness is important for the 
project being evaluated to ascertain 
whether additional mitigation 
measures are appropriate as well 
as informing future decisions about 
how to improve mitigation at wind
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energy facilities being developed.

Tier 4b Protocol Design 
Considerations

Impacts to a species of concern 
resulting from the direct and 
indirect loss of habitat are important 
and must be considered when a 
wind project is being considered 
for development. Some species of 
concern are likely to occur at every 
proposed wind energy facility.
This occurrence may range from 
a breeding population, to seasonal 
occupancy, such as a brief occurrence 
while migrating through the area. 
Consequently the level of concern 
regarding impacts due to direct 
and indirect loss of habitat will vary 
depending on the species and the 
impacts that occur.

If a breeding population of a species 
of habitat fragmentation concern 
occurs in the project area and Tier 3 
studies indicate that fragmentation 
of their habitat is possible, these 
predictions should be evaluated 
following the guidance indicated in 
Thble 3 using the protocols described 
in Tier 3. If the analysis of post- 
construction GIS data on direct 
and indirect habitat loss suggests 
that fragmentation is likely, then 
additional displacement studies 
and mitigation may be necessary. 
These studies would typically 
begin immediately and would be 
considered Tier 5 studies using 
design considerations illustrated by 
examples in Tier 5 below and from 
guidance in the scientific literature 
(e.g. Strickland etal. 2011).

Significant director indirect loss of 
habitat for a species of concern may 
occur without habitat fragmentation 
if project impacts result in the 
reduction of a habitat resource 
that potentially is limiting to the 
afi'ected population. Impacts of this 
type include loss of use of breeding 
habitat or lo.ss of a significant portion 
of the habitat of a federally or state 
protected species. This would 
be evaluated by determining the 
amount of the resource that is lost 
and determining if this loss would 
potentially result in significant 
impacts to the affected population. 
Evaluation of potential significant

Black-capjxd Virca Cndit Grtg W. Liuley

impacts would occur in Tier 5 studies 
that measure the demographic 
response of the affected population.

The intention of the Guidelines is to 
focus industry and agency resources 
on the direct and indirect loss of 
habitat and limiting resources that 
potentially reduce the viability of a 
species of concern. Not all direct 
and indirect loss of a species’ habitat 
will affect limiting resources for that 
species, and when habitat losses are 
minor or non-existent no further 
study is necessary.

Tier 4b Decision Points

The developer should use the 
results of the Tier 4b studies to 
evaluate whether further studies 
and/or mitigation are needed. The 
developer should communicate 
the results of these studies, and 
decisions about further studies and 
mitigation, with the Service, l^ble 3 
provides a framework for evaluating 
the need for further studies and 
mitigation. Level of effort for 
studies should be sufficient to answer 
all questions of interest Refer to the 
relevant methods sections for Tier 
2 Question 5 and Tier 3 Question 2 
in the text for specific guidance on 
study protocols.
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Table 3. Decision Framework to Goide Studies for Minimizing Impacts to Habitat and Species of Habitat Fragmentation 
(HF) Concern.

Outcow es of Tier 2
No species of HF concern 
potentially present
Species of HF concern 
potentially present

Outcomes of Tier S Oulcomea of Tier ib
No further studies needed • n/a

Species of HF concern 
potentially present

No species of HF concern 
conArmed to be present
Species of HF concern 
demonstrated to be 
pi'esent, but no signiUcant 
adverse impacts predicted

Spedes of HF concern 
demonstrated to be 
present; significant adverse 
impacts precficted

Mitigation plan developed 
and implsmenied

No fuxlher studies needed

Tier 4b studies confirm 
Tiers predictions

*ner 4b studies indicate 
potentially significant 
adverse impacts
'Her 4b studies determine 
mitigation plan is effective; 
no significant adimrse 
imp^ts demonstrated

*Her 4b studies determine 
mitigatk>n plan is NOT 
effective; potentially 
significant adverse impacts

Suggested SiudylMiiigation 
• n/a

No further studies or 
mitigation needed

Tier 5 studies and 
mitigation may be needed

No further studies or 
mitigation needed

FUrtiier mitigation and, 
where appropriate, Tier 5 
studies
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Chapter 6: Tier 5 - Other Post-construction Studies

Tier 5 studies will not be necessary 
for most wind energy projects. Tier 
5 studies can be complex and time 
consuming. The Service anticipates 
that the tiered approach will s^r 
projects away from sites where Tier 
5 studies would be necessary.

When Tier 5 studies are conducted, 
they should be site-specific and 
intended to: 1) analyze factors 
associated with impacts in those 
cases in which Tier 4 analyses 
indicate they are potentially 
significant; 2) identify why mitigation 
measures implemented for a 
project were not adequate; and 3) 
assess demographic effects on local 
populations of species of concern 
when demographic information 
is important, including species of 
habitat fragmentation concern.

Tier 5 Questions

Tier 5 studies are intended to answer 
questions that fall in three major 
categories; answering yes to any of 
these questions might indicate a Tier 
5 study is needed:

1. To the extent that the observed 
fatalities exceed anticipated 
fatalities, are those fatalities 
potentially having a significant 
adverse impact on local 
populations? Arc observed 
direct and indirect impacts to 
habitat having a significant 
adverse impact on local 
populations?

For example, in the Tier 3 risk 
assessment, predictions of collision 
fatalities and habitat impacts 
(direct and indirect) are developed. 
Post-con.itruction studies in Tier 
4 evaluate the accuracy of those 
predictions by estimating impacts.
If post-construction studies 
demonstrate potentially significant 
adverse impacts, Tier 5 studies may 
also be warranted and should be 
designed to understand observed 
versus predicted impacts.

2. Were mitigation measures 
implemented (other than fee 
in lieu) not effective? This 
includes habitat mitigation 
measures as well as measures 
undertaken to reduce collision 
fatalities.

Tier 4a and b studies can assess the 
effectiveness of measures taken to 
reduce direct and indirect impacts 
as part of the project and to identify 
such alternative or additional 
measures as are necessary. If 
alternative or additional measures 
were unsuccessful, the reasons why

would be evaluated using Tier 5 
studies.

3. Are the estimated impacts of 
the proposed project likely to 
lead to population declines in 
the species of concern (other 
than federally-listed species)?

Impacts of a project will have 
population level effects if the project 
causes a population decline in the 
species of concern. For non-liated 
species, this assessment will apply 
only to the local population.
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Tier 6 sUidies may need to be
conducted when:

• Realized fatality levels for 
individual species of concern 
reach a level at which they are 
considered significant adverse 
impacts by the relevant agencies.

For example, if Tier 4a fatality 
studies document that a particular 
turbine or set of turbines exhibits 
bird or bat collision fatality higher 
than predicted, Tier 6 stupes may 
be usefiil in evaluating alternative 
mitigation measures at that 
turbine/turbine string.

• There is the potential for 
significant fatality impacte or 
significant adverse impacts to 
habitat for species of concern, 
there is a need to assess the 
impacts more closely, and there 
is uncertainty over how these 
impacts will be initiated.

• Fatality and/or significant adverse 
habitat impacts suggest the 
potential for a reduction in the 
viability of an affected population, 
in which case studies on the 
potential for population impacts 
may be warranted.

• A developer evaluates the 
eSectiven^ of a risk reduction 
measure before deciding to 
continue the measure permanently 
or whether to use the measure 
when implementing future phases 
of a project

In the event additional turbines 
are proposed as an expansion of 
an exis^g project, results from 
Tier 4 and Tier 5 studies and 
the decision-making framework 
contained in the tiered approach 
can be used to detemune 
whether the project should be 
expanded and whether additional 
information should be collected. It 
may also be necessary to evaluate 
whether additional measures are 
waiTanted to reduce significant 
adverse impacts to species.

Tiers Study Design Considerations

As discussed in Chapter 4 Tier 3,
Tier 5 studies wQl be highly variable

and unique to the circumstances of 
the individual project, and therefore 
these Guidelines do not provide 
specific guidance on all ^tential 
approaches, but make some general 
statements about study design. 
Specific Tier 5 study designs will 
depend on the types of questions, 
the specific project, and practical 
considerations. The most common 
practical considerations include ^e 
area being studied, the time period 
of interest, the species of concern, 
potentially confounding variables, 
time available to conduct studies, 
project budget, and the magnitude 
of the anticipated impacts. When 
possible it is usually desirable to 
collect data before construction to 
address Tier 5 questions. Design 
considerations for these stupes are 
including in Tier 3.

One study design is based on 
an experimental approach to 
evaluating mitigation measures, 
where the project proponent 
will gener^y select several 
alternative man^ement 
approaches to design, implement, 
and test The ^tematives are 
generally incorporated into sound 
experimental designs. Monitoring 
and evaluation of each alternative 
helps the developer to decide which 
alternative is more effective in 
meeting objectives, and informs 
adjustments to the next round of 
management decisions. The need 
for this type of study design can be 
best determined by communication 
between the project operator, the 
Service field office, and the state 
wildlife agency, on a project-by- 
project basis. This study design 
requires developers and operators 
to identify strategies to a^ust 
management an^or mitigation 
measures if monitoring in^cates 
tiiat anticipated impacts are being 
exceeded. Such strategies should 
include a timeline for periodic 
reviews and adjustments as well 
as a mechanism to consider and 
implement additional mitigation 
measures as necessary a^r the 
project is developed.

When pre-construction data are 
unavailable and/or a suitable 
reference area is lacking, the 
reference Control Impact Design

(Morrison et al. 2008) is the 
recommended design. The lack of 
a suitable reference area also can 
be addressed using the Impact 
Gradient Design, when habitat 
and species use are homogenous 
in the assessment area prior to 
development When applied both 
pre- and post-construction, the 
Impact Gradient Design is a suitable 
replacement for the classic BACI 
(Morrison et al. 2008).

In the study of habitat impacts, the 
resource selection function (RSP) 
study design (see Anderson et al 
1999; Morrison et al. 2008; Manly 
et al. 2002) is a statistically robust 
design, either with or without 
pre-construction and reference 
data. Habitat selection is modeled 
as a fiinction of characteristics 
measured on resource units and the 
use of those units by the animals 
of interest The RSF allows the 
estimation of the probability of 
use as a function of the distance to 
various environmental features, 
including wind energy facfiities, and 
thus provides a direct quantification 
of the magnitude of the displacement 
effect RSF could be improved with 
pre-construction and reference area 
data. Nevertheless, it is a relatively 
powerful approach to documenting 
displacement or the effect of 
mitigation measures designed to 
reduce displacement even without 
those additional data.

Tier 5 Examples

As described eariier. Tier 5 
8tu<fies vnll not be conducted at 
most projects, and the specific 
Tier 5 questions and methods for 
addressing these questions wll 
depend on the individual project 
and the concerns raised during 
pre-construction studies and 
during operational phases. Rather 
than provide specific guidance on 
all potential approaches, these 
Guidelines offer the following case 
studies as examples of studies that 
have attempted to answer Tier 5 
questions.

Habitat impacts - displacement and 
damngraphfp impact atudips



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

M'¥ '" -1 L i I 11 t * .
‘m* ’ •<

M
RoKMO/mndturhiHOi. Cirdit Jothiia Winehtll, USFWS

;i

Studies to assess impacts may 
include quantifying species' habitat 
loss (e.g., acres of lost grassland 
habitat for grassland songbirds) 
and habitat modification. For 
example, an increase in edge may 
result in greater nest parasitism 
and nest predation. Assessing 
indirect impacts may include two 
important components: 1) indirect 
effects on wildUfe resulting from 
displacement, due to disturbance, 
habitat fragmentation, loss, and 
alteration; and 2) demographic 
effects that may occur at the 
local, regional or population-wide 
levels due to reduced nesting and 
breeding densities, increased 
isolation between habitat patches, 
and effects on behavior (e.g., stress, 
interruption, and modification). 
These factors can individually 
or cumulatively affect wildlife, 
although some species may be able 
to habituate to some or perhaps all 
habitat changes. Indirek impacts 
may be difficult to quantify but 
their effects may be significant (e.g., 
Stewart et al. 2007, Pearce-Higgins 
et al. 2008, Bright et ol. 2008,
Drewitt and Langston 2006, Robel et 
al. 2004, Pruett et al. 2009).

Example: in southwestern 
Pennsylvania, development of a 
project is proceeding at a site located

within the range of a state-listed 
terrestrial species. Surveys were 
performed at habitat locations 
appropriate for use by the animal, 
including at control sites. Post- 
construction studies are planned 
at all locations to demonstrate any 
displacement effects resulting from 
the construction and operation of the 
project.

The Service recognizes that 
indirect impact studies may not 
be appropriate for most individual 
projects. Consideration should be 
given to developing collaborative 
research efforts with industry, 
government agencies, and NGOs to 
conduct studies to address indirect 
impacts.

Indirect impacts are considered 
potentially significant adverse 
threats to species such as prairie 
grouse (prairie chickens, sharp
tailed grouse), and sage grouse, 
and demographic studies may be 
necessary to determine the extent 
of these impacts and the need for 
mitigation.

Displacement studies may use any 
of the study designs describe earUer. 
The most scientifically robust study 
designs to estimate displacement 
effects are BACI, RSF, and impact

gradient. RSF and impact gradient 
designs may not require specialized 
dota gathering during Tier 3.

Telemetry studies that measure 
impacts of the project development 
on di.splacement, nesting, nest 
success, and survival of prairie 
grouse and sage grouse in different 
environments (e.g., tall grass, 
mixed grass, sandsage, sagebrush) 
will require spatial and temporal 
replication, undisturbed reference 
sites, and large sample sizes 
covering large areas. Examples 
of study designs and analyses 
used in the studies of other 
forms of energy development are 
presented in Holloron et al. (2005), 
Pitman et al. (2005), Robel et al. 
(2004), and Hagen et al. (2011). 
Anderson et al. (1999) provides a 
thorough discussion of the design, 
implementation, and analysis 
of lhe.se kinds of field studies 
and should be consulted when 

designing the BACI study.

Studies are being initiated to 
evaluate effects of wind energy 
development on greater sage 
grouse in Wyoming. In addition to 
measuring demographic patterns, 
these studies will use the RSF 
study design (see Sawyer et al.
2006) to estimate the probability of 
sage grouse use as a function of the 
distance to environmental features, 
including an existing and a proposed 
project.

In certain situations, such as for 
a proposed project site that is 
relatively small and in a more or 
less homogeneous landscape, an 
impact gradient design may be 
an appropriate means to assess 
avoidance of the wind energy facility 
by resident populations (Strickland 
et al., 2002). For example, Leddy 
et al. 1999 used the impact gradient 
design to evaluate grassland bird 
density as a function of the distance 
from wind turbines. Data were 
collected at various distances from 
turbines along transects.

This approach provides information 
on wheUier there is an effect, 
and may allow quantification of 
the gradient of the effect and the 
distance at which the displacement

4S
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effect no longer exists - the 
assumption being that the data 
collected at distances beyond 
the influence of turbines are the 
reference data (Erickson et al,
2007). An Impact gradient analysis 
could also involve measuring the 
number of breeding grassland birds 
counted at point count plots as a 
function of distance from the wind 
turbines {Johnson et e\. 2000).

Sound and ’WUdlifs

*IUrbine blades at normal operating 
speeds can generate levels of sound 
beyond ambient background levels. 
Construction and mamtenance 
activities can also contribute 
to sound leveb by affecting 
communication distance, an animars 
ability to detect calls or dmiger, 
or to forage. Sound associated 
witii developments can also cause 
behavioral and/or physiological 
effects, damage to hearing fVom 
acoustic overexposure, and masking 
of communication signals and other 
biologically relevant sounds (DooUng 
and &I^>er 2007). Some birds are 
able to shift their vocalizations to 
reduce the masking effects of noise. 
However, when shtfta don’t occur 
or are insigniflcant, masking may 
prove detrimental to the health and 
survival of wildlife (Barber et al. 
2010). Data suggest noise increases 
of 3 dB to 10 dB corre^nd to SO 
percent to 90 percent reducdons 
in alerting distances for wildlife, 
respectively (Barber et al. 2010).

The National Park Service has 
been investigating potential 
impacts to wildlife due to 
alterations in sound level and 
type. However, further research 
is needed to better understand 
this potential impact Eesearch 
may include: how >^d faciUties 
affect background sound levels; 
whether masking, disturbance, and 
acoustical fragmentation occur; 
and how turbine, construction, and 
maintenmice sound levels can vary 
by topographic area.

Levels of fatality hevond those 
predicted

More intensive post'Construction 
fatality studies may be used to
48

determine relationships between 
{htaUties and weather, wind speed 
or other covariates, which usually 
require daily carcass searches. 
Fatalities determined to have 
occurred the previous ni^t can 
be correlated wiUi that night’s 
weather or turbine characteristics 
to establish important relationships 
that can then used to evaluate the 
most effective times and conditions 
to implement measures to reduce 
collision fatality at the project

MeaBqrfa to addfeaa fatalitie?|

The efficacy of operational changes 
(e.g. changing turbine cut-in speed) 
of a proje^ to reduce colUaion 
fatalities has only recently been 
evaluated (Arnett et al. 2009, 
Baerwald et al 2009). Operational 
changes to address fatalities should 
be applied only at aites where 
collision fatalities are predicted or 
demonstrated to have significant 
adverse impacts.

Tiers Studies and Research

The Service makes a distinction 
between Tier & studies focused 
on project-specific impacts and 
reseat^ (wMch is discussed earlier 
in the Guideline). Fbr example, 
developers may be encourag^ to 
participate in collaborative studies 
(see earlier discussion of Search) 
or asked to conduct a study on an 
experimental mitig^on technique, 
such as differences in turbine cut-in 
speed to reduce l^t fatalities. Such 
techniques may show promise in 
mitigating the impacts of wind 
energy development to wildlife, 
but toeir broad applicability for 
mitigation purposes has not been 
demonstrated. Such technique 
should not be routinely applied 
to projects, but application at 
appropriate sites '^1 conti^ute to 
the breadth of knowledge regarding 
the efficacy of such measm'es in 
addressing collision fatalities. In 
addition, stuffies involving multiple 
sites and academic reaeai^ers 
can provide more robust research 
results, tmd such studies take 
more time and resources than are 
appropriately carried out by one 
developer at a single site. Examples 
below demonstrate collaborative

research ^forts to address 
displacement, operational changes, 
and population level impacts.

Studies of Indirect Effects

The Service provides two examples 
below of ongoing studies to assess 
the effects of indirect impacts 
related to wind energy facilities.

Kansas State University, as part 
of the NWee Grassland Shrub- 
steppe Species Collaborative, is 
undertal^g a multi-year research 
project to assess the effects of wind 
energy facilities on populations of 
greater praiHe-chickens (GPCH) in 
Kansas. Initially the r^earch 
based on a Before/After Control/ 
Impact (BACI) experimental design 
involving three replicated study 
sites in toe Flint Hills and Smoky 
Hills of eastern Kansas. Eato 
study site consisted of an impact 
area vtoere a wind energy facility 
was proposed to be developed and a 
neathy reference area with similar 
rangeland characteristics where 
no deveiopraent was planned. The 
research project is a coordinated 
flelddaboratory effort, i.e., collecting 
telemetry and observational data 
from adult and juvenSe GPCH in the 
field, and determining population 
genetic attribute of GPCH in the 
kboratory from blood samples of 
birds and the impact and reference 
areas. Detailed data on GPCH 
movements, demography, and 
popuiation genetics were gathered 
iri)m all three sites &om ^07 to 
2010. By late 2008, only one of the 
proposed wind energy facilities was 
developed (the Meridian Way Wnd 
Fhrm in the Smolqr Hills of Cloud 
County), and on-going research 
effcHis are focus^ on that site.
The revised BACI study design 
now will produce two years of pre
construction data (2007 and 201^), 
and three years of pcrat-construction 
data (2009,2010, and 2011) from 
a single wind energy facility site 
(impact area) mid its reference 
area. Several hypotheses were 
formulated for testing to determine 
if wind energy facilities impacted 
GPCH populations, includtog but not 
limited to addressing issues relating 
to: lek attendance, avoidance of 
turbines and ass»flated features,
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nest success and chick survival, 
habitat usage, adult mortality 
and survive, brewing behavior, 
and natal dmpersal. A myriad of 
additional signiAcani avenues ai*e 
being pursued as a result of the rich 
database that has been developed 
for the GPCH during this research 
effort GPCH reproductive data will 
be collected through the summer of 
2011 whereas collection of <kta from 
transmitter-equipped GPCH will 
extend through the lekking se^n 
of 2012 to allow estimates of survival 
of GPCH over the 2011-2012 winter. 
At the conclusion of the study, the 
two years of pre-construction data 
and three years of post-construction 
data will analyzed and submitted 
to peer-reviewed journals for 
publication.

Erickson et al. (2004) evaluated 
the dteplacement effect of a 
large wind energy facility in the 
Pacific Northwest. The study 
was conducted in a relatively 
homogeneous grassland landscape. 
Ericteon et al. (2004) conducted 
surveys of bree^g grassland 
birds along 300 meter transects 
perpendicular to strings of vdnd 
turbines. Surveys were conducted 
prior to construction and after 
commercial operation. The basic 
study design follows the Impact 
Gra^ent Design (Morrison et 
al. 2008) and in this application, 
conformed to a special case of 6ACI 
where areas at the distal end of each 
transect were considered controls 
(i.e., beyond the influence of the 
turbines). In this study, there is 
no attempt to census birds in the 
area, and observations per survey 
are used as an index of abundance. 
Additionally, the impact-gradient 
study design result^ in less effort 
than a BACI design with offsite 
control areas. Erickson et al. (2004) 
found that grassland passerines 
as a ^up, as well as grasshopper 
sparrows and western meadowlarks, 
showed reduced use in the first 50 
meter segment nearest the turbine 
string. About half of the area 
within that segment, however, had 
disturbed vegetation and separation 
of behavior avoidance from physical 
loss of habitat in this portion of the 
area was impossible. Horned larks 
and savann^ sparron^ apf^ared

unaffected. The impact gradient 
d^ign is best used when the 
study area is relatively small and 
homogeneous.

Operational Changes to Reduce 
Collision l^talU.v

Arnett et al. (2009) conducted 
studies on the effectiveness of 
changing turbine cut-in speed 
on reducing bat fat^ty at wind 
turbines at the Casselman Wind 
Project in Somerset County, 
I^nnsylvania. TTieir objectives were 
to: 1) determine the difference 
in bat fatalities at turbines with 
different cut-in-speeds relative to 
fully operational turbines; and 2) 
determine the economic costs of the 
experiment and estimated costs for 
the entire area of interest under 
different curtailment prescriptions 
and timeframes. Arnett etal. (2009) 
reported substantial reductions in 
bat fat^ties with relatively modest 
power losses.

In l&nedy County, Ibxas, 
investigators are refining and testing 
a real-time curtailment protocol.
The projects use an avian profiling 
radar system to detect approaching 
“flying vertebrates” (birds and 
bats), primarily during spring and 
fail bird and bat migrations. The 
blades automatically idle when risk 
reaches a certain level and weather 
conditions are particularly risky. 
Based on estimates of the number 
and timing of migrating raptors, 
feathering (real-time curtailment) 
experiments are underway in 
Ttehuantepec, Mexico, where raptor 
migration through a mountain pass 
is extensive.

Other tools, such as thermal 
imaging (Horn et al. 2008) or 
acoustic detectors (Kunz et al.
2007), have been to quantify
post-construction bat activity in 
relation to weather and turbine 
characteristics for improving 
operational change efforts. Fbr 
example, at the Mountaineer 
project in 2003, Tier 4 stupes 
(weekly seai'ches at every turbine) 
demonstrated unantidpated and 
high levels of bat fatalities (Kerns 
and Kerlinger 2004). Daily searches 
were instituted in 2004 and reveded

that fatalities were strongly 
associated with low-average- 
wind-speed nights, thus providing 
a basis for testing operational 
changes (Arnett 2005, Arnett et al. 
2008). The program also included 
behavioral observations using 
thermal imaging that demonstrated 
higher bat activity at lower wind 
speeds (Horn et al. 2008).

Studio are currently underway to 
design and test the ^ca<v of an 
acoustic deterrent device to reduce 
bat fatalities at wind faalities 
(E.B. Arnett, Bat Conservation 
International, under the auspices 
ofBWEG). Prijtotypesofthe 
device have been tested in the 
laboratory and in the field witii some 
success. Spanjer (2006) tested the 
response of big brown bats to a 
prototype eight speaker deterrent 
emitting broadband white noise at 
frequencies from 12.5-112.5 kHz 
and found that during non-feeding 
trials, bats landed in the quadrant 
containing the device significantly 
less when it was broadcasting 
broadband noise. Spanjer (f^06) 
also reported that during feeding 
trials, bats never successfully 
took a tethered mealworm when 
tiie device broadcast sound, but 
captured mealworms near the 
device in about 1/3 of trials when it 
was silent Szewczak and Arnett 
(2006,200p tested the same acoustic 
deterrent in the field and found that 
when placed by the edge of a small 
pond where nightly bat activity 
was consistent, activity dropped 
significantly on nights when the 
deterrent was activated. Hornet 
al. (2007) tested the effectiveness of 
a larger, more powerful version of 
this detment device on reducing 
nightly bat activity and found mixed 
results. In 2009, a new prototype 
device was developed and tested 
at a project in Pennsylvania. Tbn 
Uuhines were fitted with deteri-ent 
devices, daily fatality searches wera 
conducted, and fatality estimates 
were compared with those from 
15 turbines without deterrents 
(i.e., controls) to determine if 
bat fatalities were reduced. This 
experiment found that estimated 
bat fatalities per turbine were 20 
to 53 percent lower at treatment 
turbines compared to controls.
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More experimentation is required.
At the present time, there is not 
an operational deterrent available 
that has demonstrated effective 
reductions in bat kills (E. B. Arnett, 
Bat Conservation International, 
unpublished data).

Asses.Hment of Population-level 
Impacts

The Altamont Pass Wind Resource 
Area (APWRA) has been the subject 
of intensive scrutiny because of avian 
fatalities, especially for raptors, in 
an area encompassing more than 
5,000 wind turbines (e.g., Orloff 
and Flannery 1992; Smallwood 
and Thelander 2004,2005). Field 
studies on golden eagles, a long- 
Uved raptor species, have been 
completed using radio telemetry at 
APWRA to understand population 
demographics, assess impacts from 
wind turbinevS, and explore measures 
to effectively reduce Ute incidence of 
golden eagle mortality for this area. 
(Hunt et al. 1999, and Hunt 2002). 
Results from nesting surveys (Hunt 
2002) indicated that there was no 
decline in eagle territory occupancy. 
However Hunt (2002) also found that 
subadult and floater components of 
golden eagle populations at APWRA 
are highly vulnerable to wind turbine 
mortality and results from this 
study indicate that turbine mortality 
prevented the maintenance of 
substantial reserves of nonbreeding 
adults characteristic of healthy 
populations elsewhere, suggesting 
the possibility of an eventu^ decline 
in the breeding population (Hunt 
and Hunt 2006). Hunt conducted 
follow-up surveys in 2005 (Hunt and 
Hunt 2006) and determined that all 
58 territories occupied by eagle pairs 
in 2000 were occupied in ^K)5. It 
should be noted however that golden 
eagle studies at APWRA (Hunt et 
al. 1999, Hunt 2002, and Hunt and 
Hunt 2006) were all conducted after 
the APWRA was constructed and 
the species does not nest within 
the footprint of the APWRA itself 
(Figure 4; Hunt and Hunt 2006).
The AP'WTIA is an area of about 160 
sq. km (Hunt 2002) and presumably 
golden eagles formerly nested within 
this area. The loss of breeding eagle 
pairs from the APWRA suggests 
these birds have all been displaced 
48
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Golden eaffU. Credit- George Genti}^ USFWS

by the project, or lost due to 
various types of mortality including 
collisions with turbine blades.
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Chapter 7: Best Management Practices

Site Construction and Operation

During site planning and 
development, careful attention to 
reducing risk of adverse impacts 
to species of concern from wind 
energy projects, through careful 
site selection and facility design, 
is recommended. The following 
BMPs can assist a developer in the 
planning process to reduce potential 
impacts to species of concern. Use of 
these BMPs should ensure that the 
potentially adverse impacts to most 
species of concern and their habitats 
present at many project sites would 
be reduced, although compensatory 
mitigation may be appropriate at a 
project level to address significant 
site-specific concerns and pre- 
constraction study results.

These BMPs will evolve over time 
as additional experience, learning, 
monitoring and research becomes 
available on how to best minimize 
wildlife and habitat impacts from 
wind energy projects. Service 
should work with the industry, 
stakeholders and states to evaluate, 
revise and update these BMPs on 
a periodic basis, and the Service 
should maintain a readily available 
publication of recommended, 
generally accepted best practices.

1. Minimize, to the extent 
practicable, the area disturbed by 
pre-construction site monitoring 
and testing activities and 
installations.

2. Avoid locating wind energy 
facilities in ai'eas identified as 
having a demonstrated and 
unmitigatable high risk to birds 
and bats.

3. Use available data from state 
and federal agencies, and other 
sources (which could include 
maps or databases), that show 
the location of sensitive resources 
and the results of Tier 2 and/or
3 studies to establish the layout

I
Wuici eledroitic deveiopcrt. CredU: NREL

of roads, power lines, fences, and 
other infrastructure.

4. Minimize, to the maximum 
extent practicable, roads, 
power Unes, fences, and other 
infrastructure associated with a 
wind development project. When 
fencing is necessary, construction 
should use wildlife compatible 
design standards.

5. Use native species when seeding 
or planting during restoration. 
Consult with appropriate state 
and federal agencies regarding 
native species to use for 
restoration.

6. To reduce avian coUisions, 
place low and medium voltage 
connecting power lines 
associated with the wind energy 
development underground to 
the extent possible, unless burial 
of the lines is prohibitively 
expensive (e.g., where shallow 
bedrock exists) or where greater 
adverse impacts to biological 
resources would result:

a. Overhead lines may be 
acceptable if sited away

from high bird crossing 
locations, to the extent 
practicable, such as between 
roosting and feeding areas or 
between lakes, rivers, prairie 
grouse and sage grouse leks, 
and nesting habitats. To 
the extent practicable, the 
lines should be marked in 
accordance with Avian Power 
Line Interaction Committee 
(APLIC) collision guidelines.

b. Overhead lines may be used 
when the lines parallel tree 
lines, employ bird flight 
diverters, or are otherwise 
screened so that collision 
risk is reduced.

c. Above-groimd low and 
medium voltage lines, 
transformers and conductors 
should follow the 2006
or most recent APLIC 
“Suggested Practices for 
Avian Protection on Power 
Lines.”

7. Avoid guyed communication 
towers and permanent met 
towers at wind energy project 
sites. If guy wires are necessary,



U.S. Pish and Wildlife Service Land-Based Wind Energy Guidelines

bird flight diverters or higii 
visibility marking devices should 
be used.

8. Where permanent meteorological 
towers must be maintained on
a project site, use the minimum 
numl^r necessary.

9. Use construction and 
management practices to 
minimize activities that may 
attract prey and predators to the 
wind energy facility.

10. Employ only red, or dual red 
and white strobe, strobe-like, 
or flashing lights, not steady 
burning lights, to meet Federal 
Aviation Administration (FAA) 
requirements for visibility 
lighting of wind turbines, 
permanent met towers, and 
communication towers. Only a 
portion of the turbines within the 
wind project should be lighted, 
and ah pilot warning lights 
should fire synchronously.

11. Keep lighting at both operation 
and maintenance faciliUes and 
substations located within half 
a mile of the turbines to the 
minimum required;

a. Use lights with motion or 
heat sensors and switches 
to keep lights off when not 
required.

b. Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination.

c. Minimize use of high- 
intensity lighting, 
steady-burning, or bright 
lights such as sodium vapor, 
quartz, halogen, or other 
bright spotlights.

d. All internal turbine nacelle 
and tower lighting should 
be extinguished when 
unoccupied.

12. Establish non-disturbance 
buffer zones to protect sensitive 
habitats or areas of high risk 
for species of concern identified 
in pre-construction studies.

Determine the extent of the 
buffer zone in consultation with 
the Service and state, local and 
tribal wildlife biologists, and land 
management agencies (e.g., U.S. 
Bureau of Land Management 
(BLM) and U.S. Forest Service 
(USFS)), or other credible 
experts as appropriate.

13. Locate turbines to avoid 
separating bird and bat species 
of concern from their daily 
roosting, feeding, or nesting sites 
if documented that the turbines’ 
presence poses a risk to species.

14. Avoid impacts to hydrology and 
stream morphology, especially 
where federal or state-listed 
aquatic or riparian species may 
be involved. Use appropriate 
erosion control measures in 
construction and operation to 
eliminate or minimize runofr into 
water bodies.

15. When practical use tubular 
towers or best available 
technology to reduce ability of 
birds to perch and to reduce risk 
of collision.

16. After project construction, 
close roads not needed for site 
operations and restore these 
roadbeds to native vegetation, 
consistent with landowner 
agreements.

17. Minimize the number and length 
of access roads; use e.xisting 
roads when feasible.

18. Minimize impacts to wetlands 
and water resources by following 
all applicable provisions of
the Clean Water Act (33 USC 
1251-1387) and the Rivers and 
Harbors .^t (33 USC 301 et 
seq.); for instance, by developing 
and implementing a storm water 
management plan and taking 
measures to reduce erosion and 
avoid delivery of road-generated 
sediment into sfreams and 
waters.

19. Reduce vehicle collision risk to 
wildlife by instructing project 
personnel to drive at appropriate 
speeds, be alert for wildlife, and

use additional caution in low 
visibility conditions.

20. Instruct employees, contractors, 
and site visitors to avoid 
harassing or disturbing wildlife, 
particularly during reproductive 
seasons.

21. Reduce Are hazard from vehicles 
and human activities (instruct 
employees to use spark arrestors 
on power equipment, ensure 
Uiat no met^ parts are dragging 
from vehicles, use caution with 
open flame, cigarettes, etc.).
Site development and operation 
plans should specifically address 
the risk of wildfire and provide 
appropriate cautions and 
measures to be taken in the event 
of a wildfire.

22. Follow federal and state 
measures for handling toxic 
substances to minimize danger to 
water and wildlife resources from 
spills. Facility operators should 
maintain Hazardous Materials 
Spill Kits on site and train 
personnel in the use of these.

23. Reduce the introduction and 
spread of invasive species by 
following applicable local policies 
for invasive species prevention, 
containment, and control, such as 
cleaning vehicles and equipment 
arriving from areas with known 
invasive species issues, using 
locally sourced topsoil, and 
monitoring for and rapidly 
removing invasive species at least 
annually.

24. Use invasive species prevention 
and control measures as specified 
by county or state requirements, 
or by applicable federal agency 
requirements (such as Integrated 
Peat Management) when federal 
policies apply.

25. Properly manage garbage 
and waste disposal on project 
sites to avoid creating 
attractive nuisances for 
wildlife by providing them with 
supplemental food.

26. Promptly remove large animal 
carcasses (e.g., big game,



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

domestic livestock, or feral 
animal).

27. Wildlife habitat enhancements 
or improvements such as ponds, 
guzzlers, rock or brush piles 
for small mammals, bird nest 
boxes, nesting platforms, wildlife 
food plots, etc. should not be 
created or added to wind energy 
facilities. These wildlife habitat 
enhancements are often desirable 
but when added to a wind energy 
facility result in increased 
wildlife use of the facility which 
may result in increased levels of 
injury or mortality to them.

Retrofitting. Repowering, and 
Decommissioning

As with project construction, 
these Guidelines offer BMPs for 
the retrofitting, repowering, and 
decommissioning phases of wind 
energy projects.

Retrofitling

Retrofitting is defined as replacing 
portions of existing wind turbines 
or project facilities so that at 
least part of the original turbine, 
tower, electrical infrastructure 
or foundation is being utilized. 
Retrofitting BMPs include:

1. Retrofitting of turbines should 
use Installation techniques that 
minimize new site disturbance, 
soil erosion, and removal of 
vegetation of habitat value.

2. Retrofits should employ shielded, 
separated or insulated electrical 
conductors that minimize 
electrocution risk to avian wildlife 
perAPLIC (2006).

3. Retrofit designs should prevent 
nests or bird perches from being 
established in or on the wind 
turbine or tower.

4. FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights.

5. Lighting at both operation 
and maintenance facilities and

substations located within half 
a mile of the turbines should be 
kept to the minimum required:

a. Use lights with motion or heat 
sensors and switches to keep 
lights off when not required.

b. Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination.

c. Minimize use of high intensity 
lighting, steady-burning, or 
bright lights such as sodium 
vapor, quartz, halogen, or 
other bright spotlights.

6. Remove wind turbines when they 
are no longer cost effective to 
reti’ofit.

Repowering

Repowering may include removal
and replacement of turbines and
associated infrastructure. BMPs
include:

1. 1b the greatest extent 
practicable, existing roads, 
disturbed areas and turbine 
strings should be re-used in 
repower layouts.

2. Roads and facilities that are 
no longer needed should be 
demolished, removed, and their 
footprint stabilized and re-seeded 
with native plants appropriate for 
the soil conditions and adjacent 
habitat and of local seed sources 
where feasible, per landowner 
requirements and commitments.

3. Existing substations and 
ancillary facilities should be 
re-used in repowering projects to 
the e.xtent practicable.

4. Existing overhead lines may be 
acceptable if located away from 
high bird crossing locations, such 
as between roosting and feeing 
areas, or between lakes, rivers 
and nesting areas. Overhead 
lines may be used when they 
parallel tree lines, employ bird 
flight diverters, or ai*e otherwise 
screened so that collision risk is 
reduced.

6. Above-ground low and medium 
voltage lines, transformers and 
conductors should follow the 
2006 or most recent APLIC 
“Suggested Practices for Avian 
Protection on Power Lines.”

6. Guyed structures should be 
avoided. Ifuse of gfuy wires 
is absolutely necessary, they 
should be treated with bird 
flight diverters or high visibility 
marking devices, or are located 
where Imown low bird use will 
occur,

7. FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights.

8. Lighting at both operation 
and maintenance facilities and 
substations located within Vz mile 
of the turbines should be kept to 
the minimum required.

a. Use lights with motion or heat 
sensors and switches to keep 
lights off when not required.

b. Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination.

Tbtoen are bcififi li/led ae itmi a/nlinuee on Ike 2 
MW GamrM Kind turiine that u beinfr tru<o</cd at 
the NWTC. Credit- NREL
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c. Minimize use of high bitensity 
lighting, st^dy-burning, or 
bright lights such as sodium 
\^por, quartz, halogen, or 
other bright spotlights.

Decommissioning

Decommissioning is the cessation 
of wind energy operations and 
removal of all associated equipment, 
roads, and other Infrastructure.
The land is then used for another 
activity. During decommissioning, 
contractors and facility operators 
should apply BMPs for road grading 
and native plant re-establishment 
to ensure that ero^on and overland 
hows are managed to restore pre- 
construction land^ape conthiions. 
The facility operator, in conjunction 
with the landowner and state and 
federal wildlife agencies, should 
restore the natural hydrology and 
plant community to the greatest 
extent practical.

1. Decommissioning methods should 
minimize new site disturbance and 
removal of native vegetation, to 
the greatest extent practicable.

2. Fbundations should be removed 
to a minimum of three feet below 
surrounding grade, and covered 
with soil to allow adequate root 
penetration for native plants, and 
so that subsurface structures do 
not substantially disrupt ground 
water movements. Three feet is 
typically adequate for agricultural 
l^ds.

3. If topsoils are removed during 
decommissioning, they should 
be stockpiled and used as topsoil 
when rearing plant communities. 
Once decommissioning activity
is complete, topsoils should be 
restored to assist in establishing 
and maintaining pre-construction 
native plant communities to the 
detent possible, consistent wi^ 
landowner objectives.

4. Soil should be stabilized and 
re-vegetated with native plants 
appropriate for tiie soil conditions 
and a^acent habitat, and of local 
seed sources where feasible, 
consistent udth landowner 
objectives.

5. Surface water flows should be 
restored to pre-disturbance 
conditions, including removal 
of stream crossings, raads, and 
pads, consistent wi^ storm water 
management objectives and 
requiraments.

6. Surveys should be conducted 
by qualified experts to detect 
populations of invasive species, 
and comprehensive approaches 
to preventing and contralling 
invasive species should be 
implemented and maintained as 
long as necessary.

7. Overhead pole tines that are no 
longer needed should be removed.

8. After decommissioning, erosion 
control measure shoi^d be 
installed in all disturbance areas 
where potential for erosion exists, 
consistent with storm water 
management objectives and 
requirements.

9. Fencing should be removed unless 
the landowner vdll be utiliring tiie 
fence.

10. Petroleum product leaks and 
chemical releases should be 
remediated prior to completion of 
decommissioning.
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Chapters: Mitigation

Mitigation is defined in this 
document as avoiding or minimizing 
significant adverse impacts, and 
when appropriate, compensating 
for unavoidable significant adverse 
impacts, as determined through 
the tiered approach described in 
the recommended Guidelines. The 
Service places emphasis in project 
planning on first avoiding, then 
minimizing, potential adverse 
impacts to wildlife and their habitats. 
Several tools are available to 
determine appropriate mitigation, 
including the Service Mitigation 
Policy (USFWS Mitigation PoUcy,
46 FR 7656 (1981)). The Service 
policy provides a common basis 
for determining how and when to 
use different mitigation strategies, 
and facilitates earlier consideration 
of wildlife values in wind energy 
project planning.

Under the Service Mitigation Policy, 
the highest priority is for mitigation 
to occur on-site within the project 
planning area. The secondary 
priority is for the mitigation to 
occur off-site. Off-site mitigation 
should first occur in proximity to 
the planning area within the same 
ecological region and secondarily 
elsewhere within the same ecological 
region. Generally, the Service 
prefers on-site mitigation over off
site mitigation because this approach 
most directly addresses project 
impacts at the location where they 
actually occur. However, there may 
be individual cases where off-site 
mitigation could result in greater 
net ^nefits to affected species 
and habitats. Developers should 
work with the Service in comparing 
benefits among multiple alternatives.

In some cases, a project’s effects 
cannot be forecast with precision. 
The developer and the agencies may 
be unable to make some mitigation 
decisions until post-construction 
data have been collected. If 
significant adverse effects have 
not been adequately addressed,

additional mitigation for those 
adverse effects from operations may 
need to be implemented.

Mitigation measures implemented 
post-construction, whethei* in 
addition to those implemented pre
construction or whether they are 
new, are appropriate elements of 
the tiered approach. The general 
terms and funding commitments for 
future mitigation and the triggers 
or thresholds for implementing such

Mitigated Findings of No Significant 
Impact.” This new guidance clainfies 
that when agencies premise their 
Finding of No Significant Impact 
on a commitment to mitigate the 
environmental impacts of a proposed 
action, they should adhere to those 
commitments, publicly report on 
those efforts, monitor how they 
are implemented, and monitor the 
effectiveness of the mitigation.

lb the extent that a federal nexus
compensation should be developed at with a wind project exists, for
the earliest possible stage in project 
development. Any mitigation 
implemented after a project is 
operational should be well defined, 
bounded, technically feasible, and 
commensurate with the project 
effects.

NEPA Goidance or Mhigetion

CEQ issued guidance in February 
2011 on compliance with the 
National Environmental Policy Act 
(NEPA) entitled, "Appropriate Use 
of Mitigation and Monitoring and 
Clarifying the Appropriate Use of

example, developing a project on 
federal lands or obtaining a federal 
permit, the lead federal action 
agency should make its decision 
based in part on a developer’s 
commitment to mitigate adverse 
environmental impacts. The federal 
action agency should ensure that 
the developer adheres to those 
commitments, monitors how they 
are implemented, and monitors 
the effectiveness of the mitigation. 
Additionally, the lead federal action 
agency should make information 
on mitigation monitoring available 
to the public through its web site;

m
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and should ensure that mitigation 
successfully achieves its goals.

Compensatory Mitigation

Compensatory mitigation as 
defined in this document refers to 
replacement of project-induced 
losses to fish and wildlife resources. 
Substitution or offsetting of fish 
and wildlife resource losses with 
resources considered to be of 
equivalent biological value.

- In-kind-Providingor 
managing substitute resources 
to replace the value of the 
resources lost, where such 
substitute resources are 
physically and biologically the 
same or closely approximate to 
those lost

• Out-of-kind-Providing or 
managing substitute resources 
to replace the value of the 
resources lost, where such 
substitute resources are 
physically or biologically 
different from those lost. This 
may include conservation or 
mitigation banking, research or 
other options.

The amount of compensation, 
if necessary, will depend on the 
effectiveness of any avoidance and 
minimization measures undertaken. 
If a proposed \vind development 
is poorly sited with regard to 
\\ildlife effects, the most important 
mitigation opportunity is largely lost 
and the remaining options can 1^ 
expensive, with substantially greater 
environmental eH'ects.

Compensation is most often 
appropriate for habitat loss under 
limited circumstances or for direct 
lake of wildlife (e.g., Habitat 
Conservation Plans). Compensatory 
mitigation may involve contributing 
to a fund to protect habitat or 
otherwise support efforts to reduce 
existing impacts to species affected 
by a wind project Developers 
should communicate with the Service 
and state agency prior to initiating 
such an approach.

Ideally, project impact assessment 
is a cooperative effort involving
54

the developer, the Service, tribes, 
local authorities, and state resource 
agencies. The Service does not 
expect developers to provide 
compensation for the same habitat 
loss more than once. But the 
Service, state resource agencies, 
tribes, local authorities, state and 
federal land management agencies 
may have different species or 
habitats of concern, according to 
their responsibilities and statutory 
authorities. Hence, one entity may 
seek mitigation for a different group 
of species or habitat than does 
another.

Migratory Birds and Eagles

Some industries, such as the electric 
utilities, have developed operational 
and deterrent measures that 
when properly used can avoid or 
minimize “take” of migratory birds. 
Many of these measures to avoid 
collision and electrocution have been 
scientifically tested with publication 
in peer-reviewed, scientific journals. 
The Service encourages the wind 
industry to use these measures 
in siting, placing, and operating 
all power lines, including their 
distribution and grid-connecting 
transmission lines.

E.0.13186, which addresses 
responsibilities of federal agencies 
to protect migratory birds, includes 
a ^rective to federal agencies to 
restore and enhance the habitat 
of migratory birds as practicable. 
£.0.13186 provides a basis and a 
rationale for compensating for the 
loss of migratory bird habitat that 
results from developing wind energy 
projects that have a federal nexus.

Regulations concerning eagle 
take permits in 60 CFR 22.26 
and 50 CFR 22.27 may allow for 
compensation as part of permit 
issuance. Compensation may be a 
condition of permit issuance in cases 
of nest removal, disturbance or 
take resulting in mortality that will 
likely occur over several seasons, 
result in permanent abandonment 
of one or more breeding territories, 
have large scale impacts, occur at 
multiple locations, or otherwise 
contribute to cumulative negative 
effects. The draft ECP Guidance

has additional information on the use 
of compensation for programmatic 
permits.

Endangered Species

The ESA has provisions that 
allow for compensation throu^ 
the issuance of an Incidental 
Take Permit (ITP). Under the 
ESA, mitigation measures are 
determined on a case by case basis, 
and are based on the needs of the 
species and the types of effects 
anticipated. If a federal nexus 
exists, or if a developer chooses to 
seek an ITP under the ESA, then 
effects to listed species need to be 
evaluated through the Section 7 and/ 
or Section 10 processes. If an ITP 
is requested, it and the associated 
HCP must provide for minimization 
and mitigation to the maximum 
extent practicable, in addition to 
meeting other necessary criteria 
for permit issuance. Fbr further 
information about compensation 
under federal laws administered 
by the Service, see the Service's 
Habitat and Resource Conservation 
website http://ww\v.fws.pov/

Baldta^le. Cndit USFWS
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Chapter 9: Advancing Use, Cooperation and 

Effective Implementation
This chapter discusses a variety 
of policies and procedures that 
may affect the way wind project 
developers and the Service work 
with each other as well as with state 
and tribal governments and non
governmental organizations. The 
Service recommends that wind 
project developers work closely 
with field office staff for further 
elaboration of these policies and 
procedures.

Conflict Resolution

The Service and developers should 
attempt to resolve any issues arising 
from use of the Guidelines at the 
Field Office level. Deliberations 
should be in the context of the intent 
of the Guidelines and be based on the 
site-specific conditions and the best 
available data. However, if there

is an issue that cannot be resolved 
within a timely manner at the field 
level, the developer and Service 
staff will coordinate to bring the 
matter up the chain of command in a 
stepwise manner.

Bird and Bat Conservation Strategies 
(BBCS)

The Service has recommended 
that developers prepare written 
records of their actions to avoid, 
minimize and compensate for 
potential adverse impacts. In the 
past, the Service has referred to 
these as Avian and Bat Protection 
Plans (ABPP). However, ABPPs 
have more recently been used for 
transmission projects and less for 
other types of development. For this 
reason the Service is introducing 
a distinct concept for wind energy

CrrdtL NHSL

projects and calling them Bird 
and Bat Conservation Strategies 
(BBCS).

Typically, a project-specific BBCS 
\rill explain the analyses, studies, 
and reasoning that support 
progressing from one tier to the 
next in the tiered approach. A 
wind energy project-specific BBCS 
is an example of a document or 
compilation of documents that 
describes the steps a developer 
could or has taken to apply these 
Guidelines to mitigate for adverse 
impacts and address the post^ 
construction monitoring efforts the 
developer intends to undertake. A 
developer may prepare a BBCS in 
stages, over time, as analysis and 
studies are undertaken for each 
tier. It will also address the post
construction monitoring efforts for 
mortality and habitat effects, and 
may use many of the components 
suggested in the Suggested 
Practices for Avian Protection on 
Power Lines (APLIC 2006). Any 
Service review of, or discussion 
with a developer, concerning its 
BBCS is advisory only, does not 
result in approve or disapproval 
of the BBCS by the Service, and 
does not constitute a federal agency 
action subject to the National 
Environmental Policy Act or other 
federal law applicable to such an 
action.

Project Interconnection Lines

The Guidelines are designed to 
address all elements of a wind 
energy facility, including the 
turbine string or array, access 
roads, ancillary buildings, and the 
above- and below-ground electrical 
lines which connect a project to the 
transmission system. The Service 
recommends that the project 
evaluation include consideration 
of the wildlife- and habitat-related 
impacts of these electrical lines, and 
that the developer include measures 
to reduce impacts of these lines, such
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as those outlined in the Su^ested 
Practices for Avian Protection on 
Power Lines (APLIC 2006). The 
Guidelines are not designed to 
address transmission beyond the 
point of interconnection to the 
transmission system. The national 
grid and proposed smart grid system 
are beyond die scope of these 
Guidelines.

Confidentiality of Site Evaluation 
Process as Appropriate

Some aspects of the initial pre
construction risk assessment, 
including preliininary screening and 
site characterization, occur early 
in the development process, when 
land or other competitive issues 
limit developers' i^lingness to 
share information on projects with 
the public and competitors. Any 
consultation or coordmation witii 
a^ncies at this stage may include 
confidentiality agreements.

Collaborative Research

Much uncertainty r^ains about 
predicting risk and estimating 
impacts of wind energy development 
on wildlife. Thus there is a ne^ 
for additional research to improve 
scientificidly based decision-making 
when siting wind energy facilities, 
evaluating impacts on wildlife and 
habitats, and testing the efficacy 
of mitigation measures. More 
extensive studies are needed to 
furthei* elucidate patterns and test 
hypotheses regarding possible 
solutions to wildlife and wind energy 
impacts.

It is in the interests of wind 
developers and wQdiife agencies to 
improve these assessments to better 
mitigate the impacts of wind energy 
development on \rildlife and their 
habitats. Research can provide data 
on operational factors (e.g. wind 
speed, weather conditions) that are 
likely to result in fatahties. It could

also include studies of cumulative 
impacts of multiple wind energy 
projects, or com^Kuisons of different 
me^ods for assessing avian and bat 
activity relevant to predicting risk. 
Monitoring and research should be 
designed and conducted to ensure 
unbiased data collection tiiatm^ts 
techmcal standards such as those 
used in peer review. Research 
projects may occur at the same time 
as project-specific Tier 4 and Tier 5 
studies.

Research would usually result 
from collaborative efforts involving 
appropriate stakeholders, and is not 
the sole or primary responsibility 
of any devel(^3er. Res^rch 
partnerahii^ (e.gn Bats and Wind 
Energy Cooperative (BWEC>®, 
Grassland and Shrub Steppe 
Species Collaborative (G^C)^^) 
involving diverse players will be 
helpful for generating common 
goals and objectives and adequate 
funding to conduct studies (Arnett 
and Haufier 2003). The National 
Wind Coordinating Collaborative 
(NWCC)“, the American Wind 
Wildlife Institute (AWWI)“, and 
the California Energy Commission 
(CEO’s Public Interest Energy 
Research Program'* all support 
research in this area.

Study sites and access will be 
necessary to design and implement 
research, and developers are 
encouraged to participate in th^e 
research etibrts when possible. 
Subject to appropriations, the 
Service also should fund priority 
research and promote collaboration 
and information sharing among 
research efforts to advance science 
on wind energy-wildlife interactions, 
and to improve these Guidelines.

Service - State Coordination and 
Cooperation

The Service encourages states to 
increase compatibility l^tween

state guidelines and these voluntary 
Guideline, protocols, data collection 
methods, and recommendations 
relating to wildlife and wind energy. 
States that desire to adopt, or 
those that have formally adopted, 
wind energy siting, permitting, or 
environmental review regulations 
or guidelines are encouraged to 
cooperate with the ^rvice to 
develop consistent state level 
guidel^es. The Service may be 
available to confer, coordinate and 
share its expertise vrith interested 
states when a state lacks its own 
guidance or program to address 
wind energy-wildlife interactions. 
The Service uill also use states’ 
technical resources as much as 
possible and appropriate.

The Service will explore establishing 
a voluntary state/f^eral program 
to advance cooperation and 
compatibility between the Service 
and interest^ state and local 
governments for coordinated review 
of projects under both federal and 
state wildlife laws. The Service, 
and interested states, vrill consider 
using the following tools to reach 
agreements to foster consistency in 
review of projects:

* Cooperation agreements with 
intet^ted state governments.

* Joint agency reviews to reduce 
duplication and increase 
coordination in project review.

* A communication mechanism:

• lb share information about 
prospective projects

• Ib coordinate project review

• To ensure that state and 
federal regulatory processes, 
and/or mitigation requirements 
are bemg adequately 
address^

* w\v'w.bntsandwiml.org 
www.natwnaIwind.oi^

“ vfWW.mUioimiwiTid.org 
http:/Awwawwi/)rg 
http://^«^^^v.enc^gy.ca.govAcsea^ch
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• lb ensure that species of 
concern and their habitats are 
fully addressed

• Establishing consistent and 
predictable joint protocols, data 
collection methodologies, and 
study requirements to satisfy 
project review and permitting.

• Designating a Seindce 
management contact within 
each Regional Office to assist 
Field Offices working with states 
and local agencies to resolve 
significant wildlife-related issues 
that cannot be resolved at the 
field level.

• Cooperative .state/federal/ 
industry research agreements 
relating to wind energy -wildlife 
interactions.

The Service will explore 
opportunities to:

• Provide training to states.

• Foster development of a national 
geographic data base that 
identifies development-sensitive 
ecosystems and habitats.

• Support a national database for 
reporting of mortality data on a 
consistent basis.

• Establish national BMPs for wind 
energy development projects.

• Develop recommended guidance 
on study protocols, study 
techniques, and measures
and metrics for use by all 
jurisdictions.

• Assisi in identifying and obtaining 
funding for national research 
priorities.

Service • Tribal Consuitation and 
Coordination

Federally-recognized Indian Tribes 
eiyoy a unique government-to- 
government relationship with 
the United States. The United 
States Fish and Wildlife Service 
(Service) recognizes Indian tribal 
governments as the authoritative 
voice regarding the management of

% ''ImSM
yi;
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tribal lands and resources within the 
framework of applicable laws. It is 
important to recidl that many tribal 
traditional lands and tribal rights 
extend beyond reservation lands.

The Service consults with Indian 
tribal governments under the 
authorities of Executive Order 13175 
“Consultation and Coordination with 
Indian Tribal Governments” and 
supporting DOI and Service policies. 
To this end, when it is determined 
that federal actions and activities 
may affect a Tribe’s resources 
(including cultural resources), lands, 
rights, or ability to provide .services 
to its members, the Service must, 
to the extent practicable, seek to 
engage the affected Tribe(s) in 
consultation and coordination.

Tribal Wind Energy Development 
on Reservation Lands

Indian tribal govei'nments have the 
authority to develop wind energy 
projects, permit their development, 
and establish relevant regulatory 
guidance within the framework of 
applicable laws.

The Service will provide technical 
assistance upon the request 
of Tribes that aim to establish 
regulatory guidance for wind 
energy development for lands under

the Tribe’s jurisdiction. Tribal 
governments are encouraged to 
strive for compatibility between 
their guidelines and these 
Guidelines.

Tribal Wind Energy Development 
on Lands that are not held in Trust

Indian tribal governments may wish 
to develop wind energy projects 
on lands that are not held in trust 
status. In such cases, the Tribes 
should coordinate with agencies 
other than the Service. At the 
request of a Tribe, the Service may 
facilitate discussions with other 
regulatory organizations. The 
Service may also lend its expertise 
in these collaborative efforts to help 
determine the extent to which tribal 
resource management plans and 
priorities can be incorporated into 
established regulatory protocols.

Non-Tribal Wind Energy 
Development - Consultation with 
Indian Tribal Governments

When a non-Tribal wind energy 
project is proposed that may affect a 
Tribe’s resources (including cultural 
resources), lands, rights, or ability 
to govern or provide services to its 
members, the Service should seek 
to engage the affected TWbe(s) in 
consultation and coordination as



US. Fish and Wildlife Service Land-Based Wind Energy Guidelines

early as possible in the process. In 
siting a proposed project that has a 
federal nexus, it is incumbent upon 
the regulatory agency to notify 
potentially affected IHbes of the 
proposed activity. Ifthe Service or 
other federal agency determines 
that a project may ^fect a IVibe(s), 
they should notify the IHbe(s) of the 
action at the earliest opportunity.
At the request of a Tribe, the 
Service may facilitate and lend its 
expertise in collaborating with other 
organizations to help determine 
the extent to which tribal resource 
management plans and priorities 
can be incorporated into established 
regulatory protocols or project 
implementation. This process ideally 
should be agreed to by all involved 
parties.

In the consultative process, Tribes 
should be engaged as soon as 
possible when a decision may affect a 
Tribe(s). Decisions made that affect 
Indian Tribal governments without 
adequate federal effort to engage 
TribeCs) in consultation have been 
overturned by the courts. See,e.g., 
Quechan Tribe v. U.S. Dep’t of the 
Interior, No. 10cv2241 LAB (CAB), 
2010 WL 5113197 (S.D. CaL Dec. 16, 
2010). When a tribal government 
is consulted, it Is neither required, 
nor expected that all of the Tribe’s 
issues can be resolved in its favor. 
However, the Service must listen 
and may not arbitrarily dismiss 
concerns of the tribal government. 
Bather, the Service must seriously 
consida' and respond to all tribal 
concerns. Regional Native American 
Liaisons are able to provide in-house 
guidance as to govemment-to- 
government consultation processes. 
(See Service - State Coordination 
and Cooperation, above).

Non-Governmental Organization 
Acitons

If a specific project involves actions 
at the local, state, or federal level 
that provide opportunities for public 
partiripation, non-governmental 
organizations (NGOs) can provide 
meaningful contributions to the 
discussion of biological issues 
assodated with that project, 
through the normal processes such 
as scoping, testimony at pubUc

meetings, and comment processes.
In the absence of formal public 
process, there are many NGOs 
that have substantial scientific 
ca^biliti^ and may have resources 
that could contribute productively to 
the siting of wind energy projects. 
Several NGOs have made significant 
contributions to the understanding 
of the importance of particular 
geographic areas to ^dlife in 
the United States. This woric has 
benefited and continues to bcmefit 
fyom extensive research elToris 
smd from assodations with highly 
qualihed biologists. NGO expertise 
can - as can scientific expertise in 
the academic or private consulting 
sectors - serve Wghly constructive 
purposes. These can include:

• Providing information to 
help identify environmentally 
sensitive areas, during the 
screening phases of site 
selection (^ers 1 and 2, as 
described in this document)

• Providing feedback to 
developers and agencies with 
respect to specific sites and site 
and impact assessment efforts

• Helping developers £uid agencies 
design and implement mitigation 
or offset strategies

• Participating in the defining, 
assessing, funding, and 
implementation of research 
efforts in support of improved 
predictors of risk, impact 
assessments and effective 
responses

• Articulating challenges, 
concerns, and successes to 
Averse audiences

Non-Govemmental OrganizatioR 
Conservation Lands

Implementation of these Guidelines 
by Service and other state agencies 

recognize that lands owned 
and managed by non-government 
conservation organizations 
represent a significant investment 
that generally supports the mission 
of state and federal wildlife agencies. 
Many of th^ lands represent an 
investment of federal conservation

funds, through partnerships 
between agencies and NGOs. These 
considerations merit extra care 
in the avoidance of wind energy 
development impacts to these lands. 
In order to exerdee this care, the 
Service and allied agencies can 
coordinate and consult with NGOs 
that own lands or easements which 
imght reasonably be impacted by a 
project under review
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Appendix A: Glossary

Accuracy - The agreement between a measurement and the true or correct value.

Adaptive manaBement - An iterative decision process that promotes flexible decision>making that can be adjusted 
in the face of uncertainties as outcomes from management actions and other events become better underst^d. 
Comprehensively applying the tiered approach embodies the adaptive management process.

Anthropogenic - Resulting from the influence of human beings on natm'e.

Area of interest - Fbr most projects, the area where wind turbines and meteorological (met) towers are proposed or 
expected to be sited, and the area of potential Impact

Avian - Pertaining to or characteristic of birds.

Avoid - To not take an action or parts of an action to avert the potential effects of the action or parts thereof. First of 
three components of‘'mitigation,'’ as defined in Service Mitigation Policy. (See mitigation.)

BeforO'after/control'impBct (BACI) > A study design that Involves comparisons of observational data, sudi as bird 
counts, before and after an environmental ^sturbance in a disturbed and undisturbed site. This study design allows 
a researcher to assess the effects of constructing and operating a wind turbine by comparing data from the “control” 
sites (before and undisturbed) with the “treatment" sit^ (afrer and disturbed).

Best management practices (BMPsl - Methods that have been determined by the stakeholders to be the most 
effective, practicable means of avoiding or minimiring significant adverse impacts to indhddual species, their habitats 
or an ecosystem, based on the best available information.

Buffer zone - A zone surrounding a resource designed to protect the resource from adverse impact, and/or a 
zone surrounding an existing or proposed wind energy project for (he purposes of data collection and/or impact 
estimation.

Community‘Scale - Wind energy projects greater than 1 MW, but generally less than 20 MW, in name-plate capacity, 
that produce dectricity for off-site use, often partially or tot^y owned by members of a local community or that have 
other demonstrated local benefits in terms of retail power costs, economic development, or grid issues.

Comparable site - A site similar to the project site with respect to topography, vegetation, and the species under 
consideration.

Compensatory mitigation - Replacement of project-induced losses to fish and wildlife resources. Substitution or 
offsetting of fish and wildlife resource losses with resources considered to be of equ^ent biolo^cal value.

• In-kind - Providing or managing substitute resources to replace the value of the resources lost, vriiere such 
substitute resources are physically and biologically the same or closely approximate to those lost

- Out-of-kind - Providing or managing substitute resources to replace the value of the resources lost, where 
such substitute resources are phyacrfly or biologically different from those lost. This may include conservation 
or mitigation banking, research or other options.

Cost effective Economical in terms of tangible benefits produced by money spent.

Covariate - Uncontrolled random variables that influence a response to a treatment or impact, but do not interact 
with any of the treatments or impacts being tested.

Critical habitat - For listed species, consists of the speciflc areas designated by rule making pursuant to Section 4 of 
the Endangered Species Act and Splayed in 50 CFR § 17.11 and 17.12.

Cumulative impacts - See impact.



U.S. Fish aitfi Wildlife Seivice Land-Based Wind Energy Guidelines

CurtaHment -The act of limiting the supply of electticity to the grid during conditions when it would normally be 
supplied. This is usually accomplished by cutting-out the generator from the grid and/or feathering the turbine 
blades.

Cat-in Speed - The wind speed at which the generator is connected to the grid and producing electricity. It is 
important to note that turbine blades may rotate at full RPM in wind speeds below cut-in speed.

Displacement - The loss of habitat as result of an animal’s behavioral avoidance of otherwise suitable habitat 
Displacement may be short-term, during the construction phase of a project, temporary as a result of habituation, or 
long-term, for the life of the project

Distributed wind - Small and mid-sized turbines between 1 kilowatt and 1 megawatt that are installed and produce 
electricity at the point of use to off-set all or a portion of on-site energy consumption.

Ecosystem - A system formed by the interaction of a community of organisms with their physical and chemical 
environment. All of the biotic elements (i.e., specif populations, and communities) and abiotic elements (i.e., land, 
ah', water, energy) Interacting in a given gec^^hic area so that a flow of enet^ leads to a clearly defined trophic 
structure, biotic diversity, and material cycles, ^rvice Mitigation Policy adopted definition from £. P Odum 1971 
Fundamentals of Ecology.

Edge effect - The effect of the juxtaposition of contrasting environments on an ecosystem.

Endangered species - See listed species.

Extirpation - The species ceases to exist in a given location; the species still exists elsewhere, 

i^atality - An individual instance of death.

Fatality rate - The ratio of the number of individual deaths to some parameter of interest such as megawatts of 
energy produced, the number of turbines in a wind project, the number of individuals exposed, etc., within a specified 
unit of time.

Feathering - Adjusting the angle of the rotor blade parallel to the wind, or turning the whole unit out of the wind, to 
slow or stop blade rotation.

Federal action agency - A department, bureau, a^ncy or instrumentality of the United States which plans, 
constructs, operates or maintau^ a project, or which reviews, plans for or aj^roves a permit, lease or license for 
projects, or manages federal lands.

Federally listed species - See listed species.

Foo^rint - The geographic area occu{»ed by the acted infrastructure of a project sudi as wnnd turbines, access 
roads, substation, overhead and underground electrical lines, and buildings, and land cleared to construct the 
project

G1 (Global Conservation Status Ranking) Criticaily Imperiled - At very high risk of extinction due to extreme rarity 
(often five or fewer populations), very steep declines, or other factors.

62 (Global Gonseivation Status Ranking) Imperiled - At high risk of extinction or eUmlnation due to very restricted 
ran^, very few populations, steep declines, or other factors.

63 (Global Conservation Status Ranking) Vulnerable - At moderate risk of extinction or elimination due to a restricted 
range, relatively few populations, recent and widespread declines, or other factors.

Guy were - VAres used to secure wind turbines or meteorological towers that are not self-supporting.

Habitat - The area which provides direct support for a pven spedes, including adequate food, water, space, and cover 
necessary for survival.

Habitat fragmenU^oa - Habitat fr^mentation separates blocks of habitat for some species into segments, such that 
the individuals in the romaining habitat segments may suffer from efiects such as decreased survival, reproduction, 
distribution, or use of the area. 
m
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Impact - An effect or effects on natural resources and on the components, structures, and functioning of affected 
ecosystems.

• Cumulative - Changes in the environment caused by the aggregate of past, present and reasonably 
foreseeable future actions on a given resource or ecosystem.

- Direct - Effects on individual species and their habitats caused by the action, and occur at the same time and 
place.

- Indirect Impact Ejects caused by the action that are later in time or farther removed In distance, but are 
still reasonably foreseeable. Indirect impacts include displacement and changes in the demographics of bird 
and bat populations.

Infill - Add an additional phase to the existing project, or build a new project adjacent to existing projects, 

in-kind compensatory mitigation - See compensatory mitigation.

intact habitat - An expanse of habitat for a species or landscape scale feature, unbroken with respect to its value for 
the species or for society.

intact iandscape - Relatively undisturbed areas characterized by maintenance of most original ecological process^ 
and by communities with most of their original native species stUl present

Lattice design - A wind turbine support structure design characterized by horizontal or diagonal lattice of bara 
forming a tower rather than a single tubular support for the nacelle and rotor.

Lead agency > Agency that is responsible for feder^ or non-federal regulatory or environmental assessment actions.

Lek - A traditional site commonly used year after year by males of certain species of birds (e.g., greater and lesser 
prairie-chickens, sage and sharp-taUed grouse, and buff-breasted sandpiper), ndthin which the ma!^ ^splay 
communally to attract and compete for female mates, and where breeding occurs.

Listed species - Any species of fish, wildlife or plant that has been determined to be endangered or threatened under 
section 4 of the Endangered Species Act (SO CFR §402.02), or similarly designated by state law or rule.

Local populafion - A subdivision of a population of animals or plants of a particular species that is in relative 
proximity to a project

Loss - As used in this document & change in wildlife habitat due to human activities that is considered cdverse and:
1) reduces the biological value of that habitat for species of concern; 2) reduces population numbers of species of 
concern; S) increases population numbers of invasive or exotic species; or 4) reduces the human use of those species 
of concern.

Megawatt (MW) - A measurement of electricity-generating capacity equivalent to 1,000 kilowatts (kW), or 1,000,000 
watts.

Migration - Regular movements of wildlife between their seasonal ranges necessary for completion of the species 
lifecycle.

Migration corridor - Migration routes and/or corridors are the relatively predictable pathways that a migratory 
species travel between seasonal ranges, usually breeding and wintering grounds.

Migretion stopovers - Areas where congregations of wildlife assemble during migration. Such areas supply high 
densities of food or shelter.

Minimize - lb reduce to the smallest practicable amount or degree.

Mitigation - (Specific to these Guidelines) Avoiding or minimizing significant adverse impacts, and when appropriate, 
compensating Ibr unavoidable significant adverse impacts.
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Monitoif ng ~ 1) A process of project oversight such as checking to see if activities were conducted as agreed or 
required; 2) making measurements of uncontrolled events at one or more points in space or time with space and time 
being the only experimental variable or treatment; 3) making measurements and evaluations through time that are 
done for a specific purpose, such as to check status and/or trends or the prc^ess towards a management objective.

Mortality rate - Population death rate, typically expressed as the ratio of deaths per 100,000 individuals in the 
population per year (or some other time period).

Operational changes - Deliberate changes to wind energy project operating protocols, such as the wind speed 
at which turbines ”cut in” or be^n generating power, undertaken until the object of reducing collision fatalities. 
Considered separately irom standard mitigation measures due to the fact that operational changes are considered as 
a last resort and will rarely be implement^ if a project is properly sited.

Passerine - Describes birds that are members of the Order Passeriformes, typically called “songbirds.”

Plant conifflURHies of concern -Plant communities of concern are unique habitats that are critical for the persistence 
of highly specialized or unique species and communities of organisms. O^n restricted in distribution or represented 
by a small number of examples, these communities are biological hotspots that significantly contribute to the 
biological richness and productivity of the entire region. Plant communities of concern often support rare or 
uncommon species assemblages, provide critical foraging, roosting, nestkig, or hibernating habitat, or p^orm vital 
ecosystem functions. These communities often play an integral role in tiie conservation of biologic^ integrity and 
dive»ity across the landscape. (Fournier et al. 2007) Also, any plant community unth a Natural Herit^e Database 
ranking of Si, S2, S3, Gl, G2, or G3.

Population - A demographically and genetically self-sustaining group of animals and/or plants of a particular species. 

Practicoble - Gs^nble of being done or Bccomplished; feasible.

Prairie grouse - A group of gallinaceous birds, includes the greater prairie’chicken, the lesser prairie-chicken, and 
the sharp-tailed grouse.

Project area - The area that includes the project site as well as contiguous land that shares relevant characteristics.

Pft^ct commencement - The point in time when a developer begins its preliminary evaluation of a broad geographic 
area to assess the general ecological context of a potential site or sites for wind energy project(s). Fbr example, this 
may include the time at which an option is acquired to secure real estate interests, an application for federal land use 
has been filed, or land has been purchased.

Proiect Site - The land that is mcluded in the project where development occurs or is proposed to occur.

Pfcject transmission lines - Electrical lines built and owned by a project developer.

Raptor - As defined by the American Ornithological Union, a group of predatory birds including hawks, eagles, 
falcons, osprey, kites, owls, vultures and the California condor.

Relative ahundance - The number of ot^anisms of a particular kind in comparison to the total number of organisms 
within a given area or community.

Risk - The likelihood that adverse effects may occur to individual animals or populations of species of concern, as a 
result of development and operation of a wind energy project. For detailed discussion of risk and risk assessment as 
used in this document see Chapter One - General Overview.

Rotor - The part of a wind turbine th^ interacts witii wind to produce energy. Con^sts of the turbine’s blades and 
the hub to which the blades attach.

Rotor-swept area - The area of the circle or volume of the sphere swept by the turbine blades.

Rotor-swept zone - The altitude within a wind energy project which is bounded by the upper and lower limits of the 
rotor-swept area and the spatial extent of the project.
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51 (Subnatioaal Conservation Status Ranking) Critically Imperiled • Critically imperiled in the jurisdiction because of 
extreme rarity or because of some factor(s) such as very steep declines making it especially vulnerable to extirpation 
from the jurisdiction.

52 iSubnational Conservation Status Ranking) Imperiled Imperiled in the jurisdiction because of rarity due to very 
restricted range, very few populations, steep declines, or other factors making it very vulnerable to extirpation from 
jurisdiction.

53 (Subnational Conservation Status Ranking) Vulnerable - ^Inerabie in the jurisdiction due to a restricted range, 
rolatively few populations, recent and widespread declines, or o^er factors making it vulnerable to extirpation.

Sage grouse - A large gallinaceous bird living in the sage steppe areas of the intermountain west, includes the 
greater sage grouse and Gunnison's sage grouse.

Significant - For purposes of characterizing impacts to species of concern and their habitats, “significance” takes 
into account the dur^n, scope, and intensity of an impact Impacts that are very brief or highly tr^itory, do 
not extend beyond the immediate small area vriiere they occur, and are minor in their intensity are not likely to 
be significant. Conversely, those that persist for a relatively long time, encompass a large area or extend well 
beyond the immediate area where they occur, or have substanti^ consequences are almost certainly significant. A 
determination of significance may include cumulative impacts of other actions. There is probably some unavoidable 
overlap among these three characteristics, as well as some inherent ambiguity in these terms, requiring the exercise 
of judgm^t and the development of a consistent approach over time.

Species of concern - I^br a particular wind energy project, any species which 1) is either a) listed as an endangered, 
tautened or candidate secies under the Endangered ^ecies Act, subject to the Migratory Bird IVeaty Act or 
Bald and Golden Eagle Protection Act; b) is d^ignated by law, regulation, or other formal process for protection and/ 
or management by the relevant agen<y or oUier authority; or c) has been shown to be significantly adversely affected 
by wind energy development, and 2) is determined to be possibly affected by the project

Species of habitat fragmentation concern-species of concern for which a relevant federal, state, tribal, and/or local 
agency has found that separation of their habitats into smaller blocks reduces connectivity such that the individuals 
in the remaining habitat segments may suffer from effects such as decreased survival, reproduction, d&tribution, or 
use of the area. Habitat fragmentation from a wind energy project may create significant barriers for such species.

String - A number of wind turbines oriented in close proximity to one another that are usually sited in a line, such as 
along a tidgeline.

Strobe - Light consisting of pulses that are high in intensity and short in duration.

Threatened species > See listed species.

Tubular design - A type of wind turbine support structure for the nacelle and rotor that is cylindrical rather than 
lattice.

Turbine height - The distance from the ground to the highest point reached by the tip of the blades of a wind turbine.

Utility-scelc - ^md projects generally larger than 20 MW in nameplate generating capacity that sell electricity 
directly to utilities or into power markets on a wholesale basis.

Voltags (tow aiui medium) - Low voltages are generally below 600 volts, medium voltages are commonly on 
distribution electrical lines, typically between 600 volts and 110 kV and voltages above 110 kV are considered high 
voltages.

Wildlife - Birds, fishes, mammals, and ail other classes of wild animals and all types of aquatic and land vegetation 
upon which wildlife is dependent.

Wildlife menegement plan - A document describing actions taken to identify resources that may be impacted by 
proposed development; measures to mitigate for any significant adverse impacts; any postK:onstruction monitoring; 
and any other studies that may be carried out by the developer.

Wind turbine - A machine for converting the kinetic energy in wind into mechanical energy, which is then converted 
to electricity..
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Icebreaker radar study vendor evaluation

I. Executive Summary

This report evaluates different radar data collection options proposed by vendors 

responding to a lake Erie Energy Development Corporation request for information in 

relation to a wind energy facility, the Icebreaker Wind project, proposed for western 

Lake Erie. The evaluation considers five vendor options proposed by three vendors, 
here referred to as VendorA, VendorB, and VendorC, and is based on 15 different 
criteria and Informed by a variety of radar-related concepts. Among the most important 
criteria are concern over the ability to gather data on altitude-specific migration traffic 

rate or density and behavioral response to turbine presence (pre- versus post
construction), and the ability do so with high reliability while avoiding contamination by 

clutter, primarily from insects and the lake surface. The evaluation was based solely on 

the ability of these systems to provide useful data toward the goal of understanding the 

biology of the airspace under review; no consideration was given to vendor cost 

estimates.
Initial examination of these criteria narrowed the field to two options referred to 

as VendorA and VendorC (Option2). For reasons expanded upon below, VendorA 

proposed the approach most likely to succeed among vendor responses and other 
Information provided that forms the basis of this evaluation. This should not be taken to 

mean VendorA’s approach is not without concern, particularly over the ability to track 

targets in an offshore setting where sea clutter will likely pose a persistent problem that 
is magnified by a roiling and pitching barge.

Owing to perceived shortcomings of vendor responses, (he report concludes by 

seeking to identify an approach to address the challenge of monitoring vertebrate 

behavior in an offshore setting that would increase the likelihood of gathering useful 
data. For (his reason, I sugges( numerous modiflca(ions to VendorA’s approach. I also 

suggest a couple alternative radar configurations that represent advances or variations 

on some of the vendor design options that may Increase the likelihood of gathering 

useful data in an offshore setting.
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li. Introduction

This opinion (s offered to inform on how pre- and post-construction biological 
radar data Is gathered in relation to the offshore Icebreaker Wind project proposed for 
an area within Lake Erie approximately 14 km northwest of Cleveland, Ohio. The report 
evaluates five vendor options to the Lake Erie Energy Development Corporation 

(LEEDCo) Request for Information (RFI) from three separate vendors referred to here 

as VendorA. VendorB, and VendorC. The number of options is necessarily constrained 

by the limited number of vendor responses, and one wonders what radar configurations 

might be available from other vendors and whether they might represent more suitable 

solutions. Although the vendor proposals considered here are specific to this case, 
certain aspects of the evaluation may have application in other settings.

Among other things, the best radar solutions will minimize ambiguity on the 

identity of the targets while simultaneously gathering the most accurate data on target 
altitude and lateral position. The kinds of radar units that come closest to that 
capability, portable tracking radars {Larkin and Diehl 2012), are rare in biological circles 

(to my knowledge there are three in the world), because they are costly to acquire and 

challenging to maintain. Therefore, most studies of this type necessarily make 

compromises owing to the limits of readily available and affordable technology, and an 

evaluation of this kind necessarily examines those trade-offs.
The evaluation Is narrowly defined. Documents reviewed for this opinion include 

the LEEDCo RFI, all vendor responses to the RFI, vendor responses to US Fish and 

Wildlife Service (USFWS) questions, USFWS suggested study characteristics, the 

WEST, (nc review of RFI responses, and some LEEDCo application figures and 

exhibits. The report is also informed by discussions with LEEDCo/WEST and biologists 

within the USFWS. The evaluation was based solely on the ability of these systems to 

provide quality data toward the goal of understanding the biology of the airspace under 
review; no consideration was given to vendor cost estimates. Also, this is strictly a 

technical evaluation of remote sensing equipment (radar) that in no way endorses any 

specific vendor or takes a position on the proposed wind development itself.
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The radar hardware available for these studies consists of repurposed 

commercial-off-the-shelf (COTS) marine-grade units commonly used for navigation by 

ships of varying sizes. Although companies deploying these units make at best modest 
changes to radar hardware (usually the antenna), they often develop sophisticated 

software processing capabilities to better accommodate the biological mission of these 

radars. Often the details of post-processing algorithms and the extent to which their 
performance has been assessed against verified datasets are not known as they are 

considered trade secrets. As such, I am in a poor position to evaluate certain claims 

made by vendors about their software capabilities (e.g., target discrimination) except 
where those claims intersect with the more evident capabilities of their hardware. I am 

also not evaluating non-radar remote sensing technologies or other forms of data 

collection that might inform on metrics relevant to this wind facility (e.g., methods for 
detecting and quantifying animal-rotor impacts in offshore settings).

It is recognized that this report may be received as guidance concerning radar 
data collection in relation to other wind energy projects. Caution in this regard is 

advised. The concepts discussed here may not apply elsewhere, since environmental, 
biological, and geographical circumstances vary from project to project. Also, as with all 
technologies, advances in hardware and software capabilities are expected that should 

improve airspace monitoring. With this in mind, I follow my conclusions by offering 

some alternative approaches for radar data collection that may improve on some of the 

shortcomings present among vendor proposals. In this way, the report attempts, 
however modestly, to live beyond its immediate suggestions regarding current vendor 
capabilities.

111. Basis for Evaluation

The LEEDCo RF! calls for study seasons generally consistent with the timing of 
passerine migration; in fail from 15 August to 31 October, and in spring from 15 April to 

31 May. Knowing the primary biological targets of interest, small migratory songbirds 

and bats (hereafter 'Vertebrates” except where othenwise appropriate), is relevant to the
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evaluation, since the efficacy of proposed radar design and operational characteristics 

varies depending on the animals under consideration. As for larger birds, aerial surveys 

will map diurnal waterfaird distributions. However, waterbirds may be diurnal or 
nocturnal migrants and subject to the same vulnerabilities as the smaller vertebrates 

that are the focus of this study. The study design should consider expanding current 
field seasons to include dates associated with migrating waterbirds. Viable radar 
operation, data collection, and reporting as described by vendors are evaluated based 

on the following criteria. These are coded respectively by topic (O#, D#, R#) for 
reference later in the report.

a. Operation
01. Operation overseen by trained or experienced technicians
02. Data collection monitored by on-site personnel or remotely monitored to 

ensure continuous operation with minima! interruption during study periods
03. Hardware suitably armored against harsh environment conditions
04. Radar setting sufficient to allow threshold levels (a80%, as specified In the 

RFI) of reliable data collection with minimal impact from sea clutter and 

other sources of motion-based noise

b. Data collection
01. Automated and continuous operation during the study period with data 

collection occurring during S80% of the study period where precipitation 

does not obscure data (in two-radar systems, this threshold applies to both 

radars individually since they gather complementary data). Data collection 

occurs throughout the diel without bias, or with bias in favor of periods when 

vertebrate movement is at a low ebb.
D2. Radars capable of gathering data on sufficient numbers of vertebrates to 

produce a statistically reliable estimate of key behaviors with hourly or better 
temporal resolution

D3. Methods of target recognition minimize the presence of insects while 

maximizing the inclusion of vertebrates in resulting datasets
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D4. Data gathered on target direction, ground speed, and altitude; not 

necessarily on the same individual

D5. Noise mitigation sufflcient to cope with a highly dynamic clutter environment 

that includes aircraft, sea clutter, and other non-target sources of radar echo 

D6. Horizontal and vertical range capabilities of radars sufficient to capture 

vertebrate movements over an area representative of the scale of the 

proposed development, especially with respect to the rotor swept area 

D7. Radar observations supported by collection of on-site weather information 

that includes data on wind speed and direction, temperature, and air 

pressure with high temporal resolution 

D8. Use of the same system, approach, and setting for both pre- and post

construction studies to help ensure data comparability

c. Reporting

R1. Altitude-specific traffic rate and/or density and ability to detect evidence of 

avoidance/attractfon behavior in post-construction studies 

R2. Methods of quantification account for sources of variation (i.e., detection 

probability which is a function of sample volume, gain, radar cross-section 

(RCS), wavelength) which could introduce bias in traffic rate or density 

estimates, coverage, or other metrics
R3. Study reports provide a dear presentation of results and fully describe 

methodological approaches

IV. Supporting Concepts

The Basis for Evaluation (II I) considers a range of technical issues associated 

with radar-based data collection on the detection and behavior of flying animals. Below 

I briefly review some of the topics taken into account in considering vendor proposals. 

Because many trade-offs exist among the various topics, I cross-reference between 

topics where appropriate.
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a. Antennas
Two different types of antennas are proposed among the vendor responses to 

the RFI. Open-array antennas, also referred to as a T-bar antennas, are usually COTS 

antennas that produce a non-radially symmetric fan beam pattern. Operating in the 

horizontal plane, open-array antennas produce a ‘narrow’ yet ‘tall’ beam pattern that 
generally produces moderate gain. By contrast, parabolic antennas produce a usually 

narrow radially symmetric beam pattern, sometimes referred to as a pencil beam.
There are trade-offs to these antennas for biological applications. Open-array 

antennas are generally capable of covering much larger airspaces in a single sweep 

and require no or little hardware modification. This may leave them more susceptible to 

gathering data on >1 target within a single sample volume, which can complicate target 
identity and tracking though this is usually a minor concern. Use of parabolic antennas 

In biological portable radar work has a long history (e.g., Bruderer and Steidinger 1972). 
Relatively few radar operations outside academia deploy radars refit to accept parabolic 

antennas, presumably owing primarily to differences In the nature of their use. They 

generally sweep out smaller airspaces which may be a disadvantage in circumstances 

where rapid comprehensive coverage is considered necessary (e.g., airport monitoring 

for large birds). Parabolic antennas produce a relatively discrete beam pattern and 

concentrate radio energy in ways that often produce considerable gain. Gain varies 

with the diameter of the antenna, radar wavelength (IV.h), and RCS of the target (IV.g), 
and higher gain enables radar sampling at longer ranges than open-array antennas, all 
else being equal. They also possess much greater ability to locate flying animals in 3- 
dimensional space, a capability open-array antennas cannot reliably claim.

Depending on the nature of their deployment, antenna types differ in their 
susceptibility to sea clutter, but all are susceptible (IV.c). COTS open-array antennas 

operating in the horizontal plane are highly susceptible to sea clutter. Clutter persists 

even when these antennas are angled in an attempt to elevate the base of the radar 
beam above the sea surface. The same antennas rotating in the vertical plane are 

susceptible to clutter when sweeping through the horizon and from ^90'^ side lobes. 
Parabolic antennas operating at low elevation are also highly susceptible to sea clutter 
owing to the presence and impact of side lobes that may themselves have appredable
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gain (e.g„ Skolnik 1980, pg. 224). The discrete beam pattern of parabolic antennas 

allows them to be elevated above the horizon so as to potentially avoid some of the 

impacts from sea clutter. In this way (and not necessarily in relation to target ‘tracking’) 
either an open-array antenna rotating in the vertical plane or a parabolic antenna 

considerably elevated above the horizon may be less susceptible to sea clutter and the 

movement of a floating platform (IV.e) than an open-array antenna operating in the 

horizontal plane.

b. Aspect
All radar operations will be influenced by aspect, or body orientation with respect 

to the radar whereby flying animals are more readily detected side-on than head- or tail- 
on. The extent that aspect impacts quantification by radar varies depending on a 

variety of factors, not least the manner of data collection and the degree that 
movements of flying animals exhibit shared orientation. Data on the heights of flying 

animals gathered by open-array antennas rotating in the vertical plane may be 

susceptible to variation in body orientation In ways that may impact quantification.
When the vertical plane of rotation is parallel to the general direction of movement, 
flying animals produce long track lengths. However, detection probability decreases on 

the horizons, since animals detected head- orlail-on produce a smaller RCS. The 

effect may be particularly acute at S-band if animals detected head- or tail-on become 

weak Rayleigh scatterers (e.g., Drake and Reynolds 2012, pg. 52). Alternatively, if the 

plane of rotation is perpendicular to the general direction of animal movement, the radar 
detects animals side-on throughout its rotation, and the detection probability should be 

uniform. Heights determined using elevated parabolic antennas may be less 

susceptible to variation in aspect, because part of the horizontal rotation is always 

perpendicular to the movement. (This is also true of open-array antennas rotating in the 

horizontal plane, sans information on height.) Also, animals moving toward or away 

from a radar are detected obliquely by an elevated beam rather than directly head- or 
tail-on which should produce higher RCS. ail else being equal.
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c. Clutter
In broadest terms, clutter refers to unwanted radar scatter. Sources of clutter for 

these purposes include insects, instances where multiple weather (usually 

precipitation), the sea surface (sea clutter), boats, planes, and turbines in post

construction studies. All vendors consider clutter and offer varying solutions in their 

reported ability to cope with it. However, sea clutter is a pernicious problem that even a 

fixed platform is unlikely to resolve. Open-array antennas operating horizontally from a 

fixed platform over open water experience severe clutter and the problem persists with 

open-array antennas rotating in the vertical plane and parabolic antennas (S. 

Gauthreaux, pers. comm.).

d. Data impacts

Missing data can occur for a variety of not necessarily independent reasons 

including limits to radar equipment, loss of power, malfunction of data gathering 

equipment, unfavorable data gathering conditions (IV.c, IV.e), and human error. The 

impact may be local; for example, most magnetron-based radars used in biological 

research experience a brief period of time during transmission when the radar is 

essentially deaf to its own echoes. This period is called a main bang or simply bang, 

and as a result, targets very near the radar are generally undetectable. Data impacts 

also occur at a seasonal scale; for example, a standard for how much data is necessary 

to adequately represent seasonal vertebrate movement (S80%) has been proposed for 

this project. There is concern that excessive loss of data may render observatfons 

related to migratory passage moot if they fail to capture the occasional yet unpredictable 

large movements that almost inevitably occur with songbird migration. While 

considerable effort should be made to ensure a robust operation is in place, data loss or 

drop outs will likely occur.

Comparing data collection during calm and rough sea days would allow 

assessment of whether data was compromised during poor weather conditions In an 

effort to inform future sampling efforts. The primary cause of compromised data would 

likely be the inability to acquire or maintain tracks through successive sweeps of the

8
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radar either owing to sea clutter or barge movement. Clutter from the sea and other 

sources can cause tracking algorithms to produce false tracks that are spurious. Motion 

of the barge may also cause a target to be dropped and reacquired which may be 

Interpreted as a separate track depending on the sophistication of the tracking software. 

If present, both of these factors can artificially inflate estimates of traffic rate. The 

magnitude of these errors would be expected to vary with conditions and the manner in 

which data were collected.

To help determine the meaningfulness of such loss, It may be useful to 

supplement offshore radar data collection with analysis of contemporaneous data from 

the fortuitously close Cleveland, OH NEXRAD station (KCLE). Advances in NEXRAD 

quantification enable estimates of vertebrate density (Chiison et al. 2012) that could be 

used to verify migration traffic rate ^MTR) or density estimates determined by portable 

radar. This form of corroboration would help ensure any data drops did not correspond 

with particularly large migratory movements during the study, recognizing that this 

approach is imperfect given the complexity of movements that may occur in the vicinity 

of coasts (Archibald et al. 2017, Diehl et al. 2003} and that KCLE has an imperfect view 

of low altitude movements (Nations and Gordon 2017).

e. Platforms
Two platforms have been considered for this work, although ail vendors propose 

to deploy radars on a floating barge anchored at four points to minimize platform 

movement. An alternative is to construct a fixed monitoring platform embedded in the 

lake bed. The latter has the distinct advantage of being stable in all lake conditions, 

whereas a floating platform will roll, pitch, and yaw In response to wave action. 

Differences of opinion exist regarding the practicality of establishing a fixed platform, a 

concern that is beyond the scope of this evaluation, although I again note here that a 

fixed platform is unlikely to address the problem of sea clutter (IV.c). Floating platforms 

have been used to gather radar data on biological targets for many years in support of 

both basic and applied biology (e.g., Larkin et al. 1979, Alerstam et al. 2(K)1. Desholm 

et al.2004).
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As an alternative to construction of a fixed platform, vendors could mount just the 

radar to a stabilizing gimbal fastened to the barge. Vendors do not advocate such an 

approach, presumably owing to cost and complexity, and an evaluation of the costs and 

benefits of adopting this approach is beyond the scope of this evaluation. Motion of the 

platform will necessarily introduce errors into ail movement-based radar metrics. 
Although these would tend to average out assuming no systematic bias in barge 

movement, certain observations of individual movements may be more sensitive to 

barge motion (e.g., the movements of animals in the vicinity of turbines in a post- 
construction study). The effects of barge movement on radar-determined animal 
movement data can in principle be corrected by sampling the three axes of a vessel- 
mounted gimba) or inertial measurement unit and use those data to adjust target 
position observations (Larkin et al. 1979).

f. Post-construction
Response by birds and bats to the presence of wind turbines may be studied as 

a comparison between pre- and post-construction behavior, which is facilitated by 

adopting the same study design before and after construction. Detection of behavior 
consistent with avoidance or attraction during post-construction then becomes a 

consideration in evaluating vendor options.
Birds and bats may respond differently to turbines with some indication that birds 

may largely avoid turbines while bats may be attracted (Cryan et al. 2014); however, 
this Is an ongoing area of research. Turbine avoidance will usually take two general 
forms: lateral change in direction or change in height. Horizontal avoidance of turbines 

by flying animals moving laterally may be detectable by most radar systems using 

antennas rotating in the horizontal plane (e.g., Desholm and Kahlert 2005) unless that 
avoidance behavior occurs within the clutter field of the turbine or is disrupted by sea 

clutter. Avoidance by increasing height poses different and in some ways greater 
detection challenges for radar. Detecting change in height may manifest primarily in 

two different ways that depend largely on radar siting and/or antenna positioning with 

respect to a turbine. An open-array antenna rotating in the vertical plane can capture 

these movements for a given turbine for animals approaching from a given direction if
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the radar is properly sited. A parabolic antenna rotating in the horizontal plane but 
properly elevated may also capture behavior consistent with these movements, perhaps 

independent of animals approaching direction and in such a way as to avoid turbine 

clutter (iV.c).
Attraction to turbines by flying animals might be expected to produce much the 

opposite behavioral patterns on radar, although the nature of attraction necessarily 

moves the animal closer to a primary source of clutter. Clutter produced by turbines is 

dynamic and often obscures nearby animal movement, so the range from the turbine at 
which flying animals respond matters and may vary with turbine visibility which in turn 

likely varies with ambient light conditions (e.g., day versus night, moonlight, 
anthropogenic light).

g. Target identity
Knowing with reasonable certainty the identity of radar targets is arguably one of 

the greatest challenges teeing radar biology and one of the most important to get nght. 
Even “identity” is subject to some interpretation as It could refer to any of a number of 
taxonomic levels. Depending on certain radar metrics and our knowledge of animal 
morphology, behavior, and natural history, radar targets may be identified down to 

species (e.g., O'Neal et al. 2010) or at best to phylum (e.g., most other radar studies 

that attempt target discrimination). Considerable room for uncertainty in identity is 

created by the combined effects of the diversity of flying animals, their overlapping 

biology, and the wide range of hardware, software, and operational properties of radars. 
All else being equal, as one moves toward more coarse taxonomic classifications, flying 

animals tend to diverge in their biology and natural history in ways that make them more 

distinguishable on radar (i.e., it is considerably easier to distinguish vertebrates from 

insects than it is warblers from thrushes).
Biologists have long sought the ability to distinguishing different target types by 

their radar parameters. Radars are capable of generating a number of metrics on flying 

animals including speed, direction, height, track, wingbeat rate, wing flap behavior,
RCS, orientation, and in many cases change and rates of change for these metrics.
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Given the hazards posed by wind turbines to bats in particular, there is considerable 

interest In being able to reliably distinguish birds from bats via radar so as to apportion 

the hazard. Despite their taxonomic differences, convergent evolution together with 

certain allometric constraints have contributed to there being considerable overlap in the 

size and behavior of many bird and bat species. Erratic flight often attributed to bats is 

not necessarily a reliable distinguishing characteristic of bats; bats may well engage in 

straight-line flight similar to most nocturnal migratory birds, and the flight paUis of some 

bird species can be quite erratic (e.g., common nighthawks, swallows). To date, no 

published radar methods reliably distinguish bird from bat echoes based on radar 
properties atone. This is not to be confused with highly reliable radar data on bats 

captured under idiosyncratic circumstances where knowledge of natural history, not the 

radar metrics themselves, offers high confidence in the identity of the biological target 
(e.g., Mirkovic et al. 2016, Horn and Kunz 2008). Fittingly, no vendor specifically 

identifies the ability to distinguish small birds from bats in radar data, but two give some 

consideration to distinguishing vertebrates from insects.
Currently, the three primary approaches for attempting to distinguish vertebrates 

from insects are based on 1) RCS, 2) airspeed, and 3) wfngbeat rate. All have 

advantages and disadvantage. Two of these approaches, RCS and wingbeat rate, are 

considered among vendor responses. Currently, use of wingbeat rate is considered the 

most accurate approach to distinguishing vertebrates from insects.

Airspeed
A flying animal's airspeed is its rate of movement with respect to the surrounding 

air (Gauthreaux and Belser 1996), and vertebrates may be broadly distinguishable from 

insects by their airspeeds. Vertebrates often exhibit powered flight that produces high 

airspeeds relative to their insect counterparts which are generally weaker fliers that 
often essentially drift with the wind and therefore exhibit relatively low airspeeds.
Radars measure the ground speed of flying animals, the rate of movement with respect 
to the ground. Ground speed results from the combined influence of an animal’s 
airspeed and wind speed. A flying animal with an airspeed of 5 m-s'^ flying in the same 

direction as a 5 m-s''' wind will have a 10 m-s'^ ground speed. Under windless
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conditions, ground speed equals airspeed, if local altitude specific wind conditions are 

known, the wind vector can be subtracted from an animal’s ground speed to yield the 
animal’s airspeed. Airspeeds below, say, 7 m*s*^ (the thresholds have varied over the 

years), are more likely Insects (Larkin 1991).
Although it does have advantages, the airspeed approach to discrimination is 

relatively crude. Vertebrate and insect airspeed distributions overlap considerably 

(Larkin 1991). Vertebrate airspeeds may easily fall below specified thresholds, while 

not all insects are weak fliers. A more conservative approach would set two thresholds 

between which targets would be categorized as ‘ambiguous’; although the arbitrariness 

of the thresholds matters, there is the risk of consistently and unwittingly excluding 

species that classify as ambiguous, and far too many meaningful targets may be 

excluded from further analysis. There are also challenges to knowing wind conditions at 
an animal’s altitude, especially at sea where only surface data will be collected. Often, 
surface wind measures are correlated with winds aloft, especially over the low altitudes 

that concern wind energy. However, wind shear over short altitudinal distances occurs 

and will introduce error Into airspeed estimates. The usual solution to this is to routinely 

launch radiosondes, an optiori not available to radar operations considered here, at 
least not at the radar site. Advantages of this method include that it can be applied 

using data from widely used track-while-scan radars operating in the horizontal plane; it 
is independent of operating frequency or antenna type, and it does not rely on 

sophisticated software for computation.

Radar cross-section
Wavelength matters (IV.h). Arguably one of the great advantages of S-band 

radar with respect to target discrimination Is the theoretically reduced impact of insect 
clutter (iV.c) In the data. At S-band, most insects are likely to be so-called Rayleigh 

scatterers, meaning they produce reliably weak radar echoes relative to their larger 
vertebrate counterparts. This has implications for the resulting biological data. First, 
the presence of insect clutter should be considerably reduced, especially at range 

where power density within the radar beam is sufficiently weak that insect echoes are 

below the noise threshold of the radar (i.e., undetectable). Also, when weak insect
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echoes do occur, it may be possible to design either real-time or post-processing 

algorithms that can reliably remove much of this clutter by threshold filtering on RCS. 

However, owing to their longer wavelengths, S-band radars likely also inadvertently 

remove small vertebrates in ways that cannot be easily resolved. X-band radars tend to 

have the opposite problem.

One of the challenges of using X-band radar to study vertebrates is its 

susceptibility to biological clutter from insects (IV.h). At X-band, small- to mid-sized 

vertebrates and large Insects return radar echoes that are non-linearly related to the 

actual size of the animal (Vaughan 1985). For these so-called Mie or resonance 

scatterers. an animal's actual size cannot be readily inferred from its RCS; some insects 

can actually produce larger echoes than vertebrates. For this reason, Insects cannot 

reliably be removed from radar data by relatively simple RCS thresholding at X-band 

(Fig. 1), and vendor approaches that use RCS thresholding risk Including some large

90 100
Radar enaa asetton (aq cm)

Re. 2. natimalcd radar crosa secUon. <r, of 
ill! btrdlikc (n« 1159) {timhaded har.t) and 
iucctlikc (n»‘438) {solid bars) targeta tor 
whicii wing heat data were avaiinhie

Figure 1. X-band radar cross-sections of bird-like and insect-like targets d^ermined by wing beat 
rate. Consistent with Drake and Reynolds (2012, pg127)U)ere is conaderable overlap between 
targets types for cross-actions measuring 1-10 cm^ (from Larkin 1991).

insects and rejecting some small vertebrates. This may be a particular concern for the 

wind energy industry (which presumably is not Interested in deterrence or mitigation 

associated with insects) if, for example, on a given night insects happen to fly at lower 

altitudes than vertebrates. As with airspeed, a more conservative approach would set 

two RCS thresholds between which targets would be categorized as ‘ambiguous’. Here 

again the arbitrariness of the thresholds matters, as there is the risk of consistently and
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unwittingly excluding species that classify as ambiguous, and far too many meaningful 

targets may be excluded from further analysis. A more accurate approach might require 

targets to satisfy both RCS and airspeed thresholds to be classified as vertebrates.

Wingbeat rate

Wingbeat rate is considered the most reliable method of distinguishing 

vertebrates from insects (Schmaljohann et al. 2008). Both wingbeat rate and airspeed- 

based approaches are also less aspect (iV.b) dependent than RCS-based 

discrimination. Like RCS, wingbeat rate measurement occurs entirely within the radar 

domain, no external data sources are required as with airspeed-based discrimination. 

Insects tend to beat their wings at much higher rates than vertebrates (Drake and 

Reynolds 2012) which allows for less ambiguous threshold-based discrimination than 

with other methods. Moreover, the wingbeat patterns themselves aid in discrimination; 

for example, flap-coast wing beating is characteristic of many bird species.

Measuring wing beat rate requires software and hardware modifications and data 

sampling procedures that, while relatively well understood, are not common. Multiple 

vendors already possess some of the necessary software infrastructure (e.g., high

speed AD sampling of radar ‘video’ signal) upon which to build this capability. The 

radar beam must be positioned to dwell on the flying animal for a duration long enough 

to estimate wingbeat rate, generally a half second or longer. This is not possible with 

the usual antenna rotation scheme found in COTS radars and employed by all vendors. 

VendorB is able to discriminate using wingbeat rate by rotating a parabolic antenna 

about a vertical axis thereby sufficiently increasing dwell time on the target. Other 

applications of this method would require stationary beam sampling strategies 

(unfamiliar to most users) to obtain wingbeat records. This requires hardware 

modifications to control antenna position in both elevation and azimuth (Vll.a).

h. Wavelengtii

Vendor responses to the RFI included a total of five radar deployment options, 

four of those options propose use of X-band (~3-cm wavelength) radars, and one an S- 

band (-10-cm wavelength) radar. The different bands have numerous advantages and
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disadvantages, perhaps most relevant among them for these purposes concerns target 
discrimination in relation to RCS (IV.g).

V. Vendor Proposals

All vendors propose to use an anchored barge as a platform to conduct radar 
operations (IV.e). Each vendor response is evaluated in part in relation to the ability of 
their proposed operation to accommodate platform movement owing to sea state, in all 
cases, it appears vendors propose to work remotely through LEEDCo or some other 
representative rather than maintain experienced staff on site (lll.a.OI). Although 

latter is the more desirable approach, remote operation can be effective provided 

systems are monitored for their operational state in real time, and those acting on 

vendors’ behalf are sufficiently empowered to address issues as they arise.
The effect of sea clutter and platform stability on data collection remains a 

lingering concern for all vendors in relation to achieving meaningful data collection 

(III.b.DI), although there is ample precedent for radar-based scientific data collection on 

floating platforms at sea (IV.e). It is this uncertainty that results in a Tair’ or ‘poor’ rating 

for criteria lll.a.04 and Ill.b.DS in Table 1.
Three vendor options remove insect targets by threshold sampling on RCS at X- 

band with seemingly little regard to the considerable variation in RCS across target 
types (in the case of VendorA, as evidenced by their own citations in the caption of their 
Figure 1). Specifically, the detection probabilities for each size class of target may vary 

considerably depending on aspect (IV.b) and for many, the impact of Mie scattering 

(IV.g) which can be pronounced for vertebrate- and insect-sized targets at X-band. 
Threshold filtering based on RCS will naturally vary depending on where the threshold 

is set which in turn will determine how many insects are retained as vertebrates, or how 

many vertebrates are rejected as insects. Very small insects are likely Reyleigh 

scatterers at X-band and can reliably be rejected by this method. Only VendorB 

(Option2) uses wingbeat rate analysis for target discrimination.
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Rather than be discursive concerning the various advantages and disadvantages 

of the vendor responses across ail bases for evaluation (III), I attempt to rank the 

performance of each vendor response for each evaluation criterion In terms of good, 
fair, and poor in Table 1. The narrative below is reserved for highlights and specific 

points not evident from the table.

Table 1. Comparison of vendor responses with respect to the Basis for Evaluation 
criteria (111), assessed as good, fair, or poor.

Vendors Vendors VendorC VendorC
VendorA (OpUonI) <Option2) (Optionl) (Ol)tion21

nrtD^ioryve
01 ....'^FASR fSb FAIR .mR Sr
02 GOOD POOR OCXD GOOD GOOD
03 GOCO GOOD OXD GOOD OXX)
04 POOR POOR mn POOR POOR

D1 FAIR FAIR GOOD FAIR FAIR
D2 OXD GOOD FAIR OXD GOOD
03 FAIR POOR GOOD POOR POOR
D4 GOOD GOOD FAIR GOOD GOOD
D5 POOR POOR FAIR POOR POOR
D6 GOOD GOOD POOR GOOD GOOD
D7 GOOD FAIR POOR GOOD GOOD
08 GOOD GOOD GOOD GOOD GOOD

GOOD . ■ poor' GOOD good " "
F?2 GOCO GOOD GOOD FAIR GOOD
re GOOD GOOD GOOD GOOD GOOD

a, VendorA
VendorA proposes to measure animal movements using volume scans, 

essentially stacking data from different elevationai sweeps of a parabolic antenna, 
similar to the manner many weather radars operate. This method is effective for this 

purpose, although its data refresh rate at a given altitude (and depending on how they 

post-process data) would be less frequent than that of a rotating open-array antenna.
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These differences In temporal resolution should matter little, however, in producing 

adequately updated information on animal movements (lll.b.D4).
Vertical (90* from horizon) scanning directly over the radar would measure 

animal location in altitude with approximately the same precision as an open-array 

antenna rotating in the vertical plane. VendorA mentions limitations to this approach, 
but they do not include any concern over the impact of the main bang (IV.d).
Depending on the type of radar, orientation of the antenna, and data processing 

methods, the range of this deafness may well include the rotor swept area, a possibility 

that is most acute when the antenna is pointed vertically but may also be a concern at 
lower elevation angles (V.b),

It Is unclear how Is the radar Is ‘tuned’ at the start of the season and what 
sources of error or changes in the environment (other than clutter) require it to self
adjust. It is also unclear what the differences are between adjusted and unadjusted 

counts, though from context this likely refers to the application or not of detection 

probability correction. ‘Many tools’ are claimed for data validation, but it is unclear what 
Is meant by validation, what are the tools, and what metrics require validating,

VendorA’s response to the RFI was the most thorough of all the vendors and 

generally addresses the relevant issues (although I was surprised by the large number 
of minor grammatical errors). VendorA has experience with radar-based monitoring In 

relation to wind energy but not in offshore settings.

Advantages
mi VendorA Is correct in its general assessment of the advantages of a pencil-beam 

produced by a parabolic antenna over its open-array counterparts, especially in 

relation to their ability to provide a 3-dimenslonal position of flying animals (IV.a). 
This negates the need to deploy a two-radar system, simplifying the overall 
operation which in turn decreases the likelihood of technical difficulties during 

operation. However, the single radar design, while attractive from the standpoint 
of simplicity, also removes any redundancy. Failure of VendorA to track targets 

owing to barge motion results in complete loss of data, an less likely outcome for 
two-radar systems employing complementary sampling. Pencil beams are not
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without error in estimating position, and I would be interested in knowing how 

VendorA estimates that error which they seem to refer to as covariance, 

especially in the vertical dimension where even a narrow 4* beam is 36 m wide at 

500 m range. Regardless, the practical effects of this uncertainty would be minor 

and average out across many tracked targets.
m A parabolic antenna and Us associated beam properties may be more robust to 

the effects of sea clutter Introduced by roll and pitch of the barge relative to a 

horizontally rotating open-array antenna. In no way should this suggest parabolic 

antennas are without concern in this regard (see below).
(H VendorA has far more thoroughly studied the Icebreaker Wind project

environment and crafted a more detailed and Informed response than the other 

vendors.

Disadvantages
GD I wonder about the ability of a 4° beam to maintain target tracking in the presence 

of seas that cause the barge to roll or pitch by an appreciable proportion of this 

beam width. Momentarily dropping targets in a track is a reality of any track- 

while-scan system (IV.d), and VendorA may have software that can cope with 

this eventuality, though perhaps not to the degree posed by a moving platform. It 

is entirely unknown to me how much the anchored barge is expected to pitch and 

roll in response to wave action on Lake Erie.
03 VendorA and their equipment are untested operating in offehore environments, 

so there Is the greater risk of othenA^ise avoidable problems occurring during 

operation. The vendor addresses many of the known challenges, so the risk is 

likely relatively minor.
DU The capacity for VendorA to elevate their antenna may reduce clutter but is 

unlikely to eliminate it sufficient to reliably enable data collection on horizontal 

and altitudinal movements. Considerable unknowns exist depending largely on 

the impact of side lobes.

19
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b. Vendors
Vendors (Optloni) has numerous shortcomings in relation to operation 

(specifically, ll.a.02 and lli.a.04) and data gathering {specifically, !ll.b.D3 and ll.b.DS) 
that render it the least desirable among the available options (Table 1). Ido not 
comment on it further here. Vendors (Option2), however, represents a truly unique 

offering, and although when operating alone ft has severe limitations in this particular 
application, it is nonetheless worth commenting upon. The capabilities of this radar 
were familiar to me before this evaluation was brought to my attention. The general 
approach is described In Chapman et ai. (2003), and I first learned of this specific radar 
at a European Radar Aeroecology conference in Rome, Italy in early 2017. I was also 

invited to be an external reviewer for a graduate thesis from the University of Exeter that 
demonstrated some of the capabilities of this radar.

Advantages
im Vendors (Option2) rotates, or rather nutates, around a vertical axis in a way that 

enables it to gather data on height, speed, direction, and identity of the same 

target.
im Vendors (Option2) is the only vendor response that discriminates targets based 

on wingbeat rate, the current state-of-the-art (IV.g). Other vendor options 

discriminate according to RCS thresholding of which there is meaningful overlap 

between vertebrates and insects at X-band.
[II With a nearly vertically oriented scan strategy, this option should be relatively 

robust against the effects of sea clutter, although the impact of ~90“ is a lingering 

concern.

Disadvantages
im Nutating exclusively about a vertical axis places the radar at maximum exposure 

to the limits of detecting and identifying animals flying at very low heights. 
Minimum height matters a great deal in relation to studies of wind turbine 

Impacts. The lower boundary of the rotor swept area for the Vestes VI26 

turbines proposed for this project as indicated In the “Icebreaker Wind VIA"



Icebreaker radar study vendor evaluation

document is 20 m above the water surface. The radar would sit a few meters 

above the water surface, further reducing the distance from radar to minimum 

height of the rotor swept area. The minimum height (above radar) claimed for 
Vendors (Optlon2) is 60 m, leaving approximately 30 m of a 126 m diameter 
rotor height (24%) unsampled. The reasons for this limit are not discussed. The 

effects of the main bang likely play a large role (IV.d), although this may also be 

a height below which targets travel too fast through too narrow a beam for 
wingbeat rate to be reliably estimated. Given the latter, it is not clear whether or 
not the lower limit of detectability is the same as the lower limit of wingbeat rate- 
based target discrimination.

d] Movement of the beam in response to seas may impact estimates of speed and 

direction given the manner by which VendorB (Option2) determines those 

measures (Wills 2017). Specifically, movement of the radar platform during 

target passage changes the time required for the target to complete its passage 

through the nutating beam volume which in turn will bias speed estimates high or 
low depending on the motion. So, while the estimates for individual targets may 

be suspect, these biases may be expected to average out across many 

individuals. I also wonder whether sea state might impact target discrimination 

software which is sensitive to dwell time of the target within the beam.
Depending on conditions, this could effectively Increase the minimum height 
above radar at which some targets can be discrimlnated/counted, further limiting 

the ability of this unit to monitor the rotor swept area.
O The narrow region of direct monitoring severely limits the ability of this radar by 

itself to Inform on turbine avoidance/attraction behavior In a post-construction 

study (IV .f).

c. VendorC
In deploying portable Doppler radar, VendorC proposes use of capable and 

somewhat uncommon hardware in biological circles. This unit purports to confer some 

advantages to their proposed approach, but these are not critical to successful data 

collection. VendorC reports the smallest RCS detectable at S.5 km range as 10 cm and
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5 cm for their S- (Optloni) and X-band (Optlon2) horizontal radars, respectively.
Overall, more capable hardware and software are invested in horizontal versus vertical 
monitoring, the latter possibly being the more relevant dimension in this project.

VendorC is arguably the most detailed in terms of data analysis, especially with 

respect to their statistical approach for determining weather conditions that influence the 

numbers of vertebrates flying at rotor swept height If the relationship between weather 
conditions and animal density at rotor swept height is known. It may be possible to 

examine historic weather patterns in the area (as is likely already known) to determine 

the frequency of weather conditions associated with increased risk to flying animals 

(e.g., Kirsch et at 2015). While VendorC discusses these capabilities at some ter^gth, 
any vendor that generates raw data on animal movements and weather conditions can 

provide those data such that a third party might generate the same or similar analyses 

as needed.

Advantages
[m The wide vertical antenna angles (25“ and 16“) of ttie horizontal radars increase 

the likelihood of maintaining target tracks despite barge movement.
GI] The Doppler capability of VendorC (Option2) enables a clutter filtering capability 

that may render It less sensitive to turbine clutter In ways that improve the ability 

of this radar to detect movements of vertebrates near turbines. This would 

presumably have value in post-construction studies examining vertebrate 

responses to actual structure.
GD VendorC is the only vendor to offer some mechanism to correct radar-determined 

movements for the effects of barge roil, pitch, and yaw (3-axls accelerometers, 
IV.e).

Disadvantages
[D] VendorC verticai radar observations are gathered once every 5 sec using screen 

captures, presumably skipping every other sweep. The reason for this Is unclear 
and compromises any effort at target tracking (to the extent that's desirable, see 

Vli.b). MTR or vertically stratified measures of animal density are critical to this
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application of radar, yet VendorC documents no approach for target 
discrimination for these data. The “MUSE software" is not operational on the 

vertical radar presumably because it is based on analysis of entirely different 
methods of sampling used by the horizontal radars (high speed AD samples of 
radar ‘video’ signal output). Indeed, target discrimination generally is unclear 
across all radars, although it appears to be RCS-based on horizontal radars. 
Discrimination from aircraft are mentioned (which may identify their primary 

source of business), but there is no mention of insects which are by far the 

greater source of airborne clutter.
E] The tracking advantage noted above assumes that pitch and roll of the barge 

does not produce sufficient sea clutter to interfere with data collection altogether. 
The reported false-positive rate for vertebrates when wave heights exceed 1 m Is 

unknown for Option2. Response by VendorC to follow-up questions shows they 

have not deployed their horizontal radars from boats, so the impact of sea clutter 
remains a concern.

[m Height bins are relatively coarse (50 m) but perhaps workable in pre-construction 

studies. However, the low spatial resolution compromises VendorC’s ability to 

document animal responses to the presence of turbines in post-construction 

studies.

VI. Conclusions

Far too many unknowns are present to anticipate the outcome of radar work in 

relation to this project. Use of a barge magnifies an already existing problem, that seas 

will introduce clutter into radar data. The question becomes one of identifying what 
vendor approach among those presented is most likely to yield meaningful data 

collection. Taking into consideration that not all evaluation criteria are equal in their 
importance, Table 1 effectively narrows the field to two best options, VendorA and 

VendorC (Option2). (As a side note, VendorB (Option2) stands out for its novel design 

and best target discriminating capability. This option might be preferred in stable
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environments where target detection at minimum altitude and response to structure is 

not a concern in foflow-up studies, although my European colleagues have some 

concerns over the reliability of ground speed estimates.) Arguably, the most important 
data criteria for a radar system in relation to the Icebreaker Wind project concern the 

ability to gather data on altitude-specific MIR or density and behavioral response to 

turbine presence (pre- versus post- construction comparison to attempt to assess 

avoidance/attraction), and the ability do so with high reliability (S80% of available time) 
while avoiding contamination by clutter, primarily from insects and the lake surface.

VendorC (Optlon2) may well outperform other options in relation to documenting 

behavioral response to turbines, however this capability Is cast into some doubt given 

uncertainties associated with how well the Doppler radar performs on vessels in relation 

to sea clutter. More critically, it appears little attention is given to target discrimination in 

vertically oriented radar data which may be the most valuable In relation to assessing 

animal's exposure to wind tuii)ines.
VendorA's use of parabolic antennas has advantages unique among these 

vendor responses. Many desired capabilities are addressed, perhaps most important 
among them is the ability to elevate a highly discrete beam as a means of attempting to 

reduce the impact of sea clutter, if only because this proves challenging for open-array 

antennas rotating in a honzontal plane (but see below). Less clear Is how tracking 

would perform across sweeps on a rolling and pitching barge. VendorA reports that 
tracking could tolerate 2® of pitch or roll, but it is easy to envision greater barge 

movement.
In sum, VendorA proposes the approach most likely to succeed among the 

vendor responses and other Information provided that forms the basis of this evaluation. 
This is not to suggest VendorA’s approach is without concern, particularly over target 
discrimination, the ability to track from a moving platform, and the impact of sea dutter. 
Designing a radar study from the ground up is beyond the scope of this review, however 
I offer some suggestions that may Increase the likelihood of gathering meaningful data 

on vertebrates using VendorA’s basic approach.
- Current RCS-based target discrimination might be improved by also including an 

airspeed-based approach (IV.g). Neither achieves the accuracy of wingbeat rate
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analyses which a rotating radar prohibits (but see Vll.a below). However, the 

combined approach of requiring vertebrate targets to meet both RCS and airspeed 

criteria may increase the likelihood of proper target classification. Data on wind is 

required to estimate target airspeed, and VendorA proposes to gather surface wind 

data from a barge. The usefulness of surface wind data decreases with altitude 

owing to wind shear. However, surface wind data are more likely to usefully Inform 

airspeeds at rotor swept heights, since turbines are relatively close to the lake 

surface.

Concerning tracking, VendorA may consider refitting their radar with a smaller 

diameter antenna to Increase beam width as a means of increasing the likelihood of 

maintaining tracks (sensu Vila). Ideally, a barge pitch and roll test would be 

conducted to determine whether and/or how frequently barge movement would 

exceed the ability for VendorA to track.

Elevation of the parabolic antenna considerably above the horizon would likely result 

in decreased clutter relative to open-array antennas rotating in the horizontal plane. 

Clutter will persist, however, and it is likely that even gathering data from a fixed 

platform will not satisfactorily address the problem (IV.c). As such, and in 

consultation with my colleague S. Gauthreaux, I suggest an alternative approach. 

Parabolic antennas radiate in relatively discrete patterns where side (obes, a primary 

cause of clutter, may be pronounced but distinct. As such it may be possible to 

considerably reduce the impact of sea clutter by blocking side lobe energy through 

installation of a radar fence on the periphery of the proposed barge. (The fence is 

unlikely to work as cleanly with an open-array antenna, because the beam radiates 

power in a less discrete manner.) To benefit most from the fence, the radar should 

be positioned relatively close to the barge surface (and must therefore be well 

armored against freeboard seas). Otherwise the fence must be elevated to capture 

side lobes which would require assembling more structure. It Is unclear how much 

virave motion would impact the barge, but conceivably the fence could be positioned 

and the antenna elevated to account for barge movement. (Note, increasing 

antenna elevation angle will simultaneously tend to Increase the lowest height at 

which the radar can detect targets owing to the impact of the main bang (IV.d).) This
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in turn can interfere with directly monitoring heights consistent with the rotor swept 
area, depending on the angle of elevation and Impacts of the bang.) Finally, to 

further reduce the impact of side lobes, the proposed smaller diameter antenna 

could be outfitted with a cuff ringed with material designed to absorb radio energy 

(radar-absorbent material or RAM). Some of these clutter-mitigating tactics are 

described in greater detail in Larkin and Diehl (2012).
The adjustments described above would require the obvious adjustments to 

hardware as well as re-computing detection probabilities and adjusting volume scan 

elevations. These would appear to be relatively minor modifications and the developer 
could likely bear the cost. Also, concurrent data from the KCLE NEXRAD station could 

be used to help identify the data consequences for periods when lake conditions may 

result in data dropouts (IV.d).
Finally, I would hope reports resulting from this work are subject to peer-review, 

and that track data of individual animals, clutter maps, and reports are placed in the 

public domain so that others may benefit from the knowledge gained by this effort.

VII. Alternative Configurations

None of the proposed radar configurations Is without shortcomings; indeed, it Is 

difficult to envision any reasonable scenario that does not bring some limitation. The 

conclusions of this evaluation should not promote a static standard, but rather an 

evolving one that upgrades with advances in technology. Most relevant among the 

limitations described above are those associated with target discrimination (lll.b.DS) and 

ability to accommodate sea clutter and a moving platform (lll.a.04).
All options offer trade-offs on the ideal capability; to obtain reliable, high accuracy 

data on ground speed, direction, altitude, and target identity on the same individual, and 

to do so with sufficient spatial and temporal coverage to detect behavioral responses to 

turbines. For example, four of five vendor options examined trade better target 
discrimination capability for spatial coverage. Under some circumstances this may be a 

desirable trade-off (e.g.. airport monitoring for large birds) but perhaps not in relation to
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wind energy monitoring for primarily small vertebrates. Another example, VendorA 

forgoes the 2-dlmensionai comprehensive coverage of open-array antennas in favor of 

acquiring more spatially constrained 3-dimensional data on Individuals using only one 

radar. The necessity of such trade-offs prompts one to ask: what are the most 

important capabilities for offshore radar monitoring, and are there alternative radar 

configurations that might better capture those capabilities? As mentioned in the 

Conclusions (VI), the most important data criteria for radar systems monitoring flying 

animals in relation to an offshore wind facility likely concern the ability to gather data on 

altitude-specific MTR or density and response to turbine presence, and the ability do so 

with high reliability while avoiding contamination by clutter, primarily insects and sea 

clutter.

Below i suggest a couple alternative radar deployment scenarios that represent 

advances or variations on some of the vendor design options suggested here. The 

people employed by these and other vendors are often highly knowledgeable, and It 

would surprise me if some of the concepts presented below have not been considered. 

Investing in research and development (to the extent required) and deployment Is 

another matter, however. What works best serving a flight safety role may not be as 

well suited to wind turbine monitoring of the kind considered here. There is a tendency 

among the vendors to promote the comprehensiveness of coverage by one mechanism 

or another (e.g., stacked volume scans, wide-angle sweeps using open-array 

antennas). However, the goal here, as with many other wind operations, is to learn 

something about MTR or animal density, how that density is vertically stratified, how 

animals respond to stimuli or stmcture, and how these measures vary through time. 

With the possible exception of response to stimuli/structure, comprehensive data 

collection is not required for such measures.

a. Adaptable sampling

None of the vendor options satisfactorily addresses all the challenges such 

operations face in an offshore context and in other settings as well. Target 

discrimination is a persistent concern in radar biology, and one of the most common 

shortcomings among vendors concerns target discrimination where only VendorB
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(Option2) employs the current state-of-the-art of wingbeat rate analysis. In this option, 
the confined airspace monitored increases dwell time on the target allowing wingbeat 
rate estimation but also limits the radar in other ways that are important to these studies 

and presumably others (V.b). As with VendorB (Option2), VendorA also employs 

parabolic antennas and does so with some sophistication by including elevation control, 
but continuous rotation at angles considerably less than 90* (vertical) prevents the radar 
from gathering wingbeat rate data.

A common property among all vendor options is a rotating antenna where 

reliance on the internal COTS azimuthal motor essentially drives all data collection.
This is an appealing option; the motors are time-testing, highly reliable, and armored 

against harsh environmental conditions. COTS antenna rotation is also well suited to 

airport monitoring concerning bird aircraft strike hazards, which may comprise the bulk 

of many vendors’ business. However, programmable azimuth and elevation control 
allows highly customizable sampling strategies that can be finely tuned to the needs of 
a given study. As vendors are no doubt aware, obtaining control over azimuth 

represents a considerable but hardly extraordinary hardware and software modification.
Consider an X-band radar outfitted with a -6* parabolic antenna and software 

control over antenna position in azimuth and elevation. A sampling strategy that 
alternates between stationary beam sampling (Drake et al. 2002) and rotation enables 

serial data collection on wingbeat rate, altitude, and speed and direction from one radar 
(see Drake and Reynolds 2012, Ch. 5). The parabolic antenna would possess 

generally advantageous clutter mitigating properties if paired with modifications 

described above (VI), and the wider beam width would limit the impact of sea motion on 

target tracking where a barge or boat sen/es as the data collection platform. Trade-offs 

remain, but they are likely more tolerable. For example, the wider beam produces 

larger sample volumes (but still on par with most open-array antennas) that are more 

likely to include clutter in the form of multiple targets. The antenna also produces less 

gain (again, still on par with most open-array antennas) which limits range but not 
critically in this application. Detection of avoidance/attraction behavior would be 

consistent vwth VendorA (V.a). I am unaware of any vendors, including those not 
responding to this RFI, capable of implementing such a strategy in the near term.
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b. Orthogonal sampling
In this concept, vertical sampling is favored over comprehensive horizontal 

sampling, because It focuses on altitude-based metrics (e.g., altitude-specific MITR) 

and would limit but not eliminate the impact of sea clutter. As discussed in Conclusions 

(VI), it may be possible to deploy a radar fence on a barge-sized structure to limit the 

impact of -QO"* side lobes in a manner similar to that described in Buler and Diehl 

(2009).

Most applications of biological radar use a rotating antenna to enable a track- 

while-scan capability that allows sequential locations on a target to be linked into tracks 

that allow estimates of target speed and direction. However, the speed and direction of 

individual animals is not required to obtain estimates of mean speeds and directions of 

populations of animals moving through an airspace.

In this approach, two radars with 

open-array antennas are deployed rotating 

in orthogonal vertical pianes (Figure 2).

Each radar by itself will usually show some 

rate of animal movement along the axis of 

rotation but this is not a reliable indicator of 

speed for that individual, since we do not 

know its direction of travel. However, when 

averaged across a number of individuals, 

this mean relative speed constitutes one 

component of a two-dimensional vector.

Combining the relative speed components 

from the two orthogonal planes would allow 

one to compute height-specific mean and 

standard deviation speeds and directions.

The calculation can be repeated hourly or 

over whatever time frame allows sufficient 

samples to accumulate for the calculation 

(it would not require many) to estimate the

Figure 2. Concef^u^ layout of the orthogonal 
onentations of the vertical planes of rotatk>n of 
two open-array antennas as they might be 
positioned during fall mlgratbn. During spring, 
the system would adopt a mirror configumtion 
with respect the turb’ne array. The t^ack 
rectangle represents the platform supporting the 
radars, gray wedges approximate the hypothetical 
horizontal coverage of 12® fan beams, and 
orange drdes represent turbines.
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components. Careful deployment with respect to a given turbine array should enable 

examination of behavioral response to turbines, especially where pre-construction data 

are available as reference, but the analysis would be more nuanced than examining 

tracks measured by horizontally rotating radars.
This approach relies on available software and hardware technology, so It should 

be relatively cost effective to deploy. Since it employs rotating antennas, the ability to 

use state-of-the-art target discrimination is compromised (only RCS-based approaches 

are possible; airspeeds cannot be used since the ground speeds of individuals is 

unknown) in favor of simplicity, cost effectiveness, clutter mitigation (from the sea and 

possibly turbines as well, depending on implementation), and the ability to examine 

behavioral response to structure, in this case turbines. Behavioral response may be 

subtle (which does not mean undetectable) given the limited coverage. As with other 
radar arrangements, pre- versus post-construction movement along, say, the southeast 
coverage area can be compared. It would also be possible during to compare 

movements along the southeast coverage to its counterpart to the northwest whidi 
would serve as an internal control of sorts. The desire for clutter mitigation is primariiy 

but not exclusively a response to concerns over sea clutter in this evaluation. As with 

vendor responses, movement of a supporting barge or other floating platform would 

introduce error into vector component estimates of speed and direction, although these 

may average out (iV.e).
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MEMORANDUM OF UNDERSTANDINC

BeDveen the Ohio Department of Natural Resources and icebreaker VVindpower Inc. 
in the matter of the Application of Fred Olsen Renewables USA LLC/lcebreaker 

Windpowcr Inc. for a Certificate to Construct a 
Wind-Powered Electric Generation Facilit>

Case No. 16-187I-EL-BGN 
Monitoring Protocols for Avian and Bat Resources 

July 12,2017

Since August 20I6> Icebreaker Windpo\\er, inc. ("Applicam") and the Ohio Department of 
Natural Resources {"ODNR'‘j tjc^intly refeiTcd to as the ••panics") have been working 
collaboratively to ensure compliance svith the rciiuirements in Ohio Revised Code ("R.C.") 
Chapter d906 and Ohio Adminislratixe Code rO.A-C.") Chapter 4906-4 and develop pre-. 
during-, and posl-consmtclion monitoring protocols for avian and hat resources located In the 
vicinity of the Icebreaker Wind six turbine otTshore wind demonstration Project located 8 to 
10 mile.s off the shore ofClevclarid. Ohio (the "ProJecO- On J-cbniary I. 2017. as 
supplemefjted on March ! 3, 2017. the Applicant filed its application (•'Application") \vitl\ the 
Ohio Powei- Siting Board (••OPSB") for a coriificatc to construct the Project in (.'asc No. 16- 
1S7I-F.1.-BGN.

T he Parties are entering into this Memorandum of Understanding ("MOU”) to set forth the 
agreements that have been reached on the monitoring protocols for avian and bm resources. 
The purpose of these monitoring protocols will be to help asKcs.s. In a scientifically rigorous 
manner, any impacts that Project construction and operation may have on a\ lan and bat 
species and resources in the Project vicinity or likeh to encounter the Project area. The goal 
of assessing these impacts is; 1) to document existing conditions and patterns of use by the 
species of concern at the Project site; 2) to document dmnging conditions and patterns of use 
by species of concern and their associated habitats as a result of Project construction and 
operations at the Project site; 3) to develop and implement effective mitigation and adaptive 
management strategies to minimi/e avian and bat resource impacts; 4) to evaUiate the 
feasibility of various monitoring protocols in an offshore setting; and 5) to belter undersUmd 
how future offshore wind projects in Lake Erie or the Great Lakes may afieci birds and bats.

The Parties recogni.ie that the location and size of any future offshore wind projects will be 
significant factors in future risk a.ssessments. There are issues related to the statistical 
detectability of certain types of impacts due to natural variabiiitv. the limited footprint, and 
size of this demonstration Project. A determination of impact, or lack thereof, whether

If AppliCAI^f I

ii I
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positive'or negative in this small Project, should not be construed to represent an iinpaci 
condition for larger projects with dilVerent turbine configurations and ofshore locations. 
Recognizing these limitmions. lhe.se monitoring studies and protocols have been designed to 
provide information that will help lo guide fimirc monitoring efforts and provide o sound 
scientific basis for future decision-making.

B>- and through this MOU. ttic Parties herebv agree to the flillow ing:

A. The Icebreaker Wind Avian and Bat Monitoring Plan (•‘MP"). attached us Exhibit A. 
which v\as prepared by Western EcoSystems Technologv Inc. ("VVF.ST”) for the 
Appllcam. and modified pursuant to discussions with the ODNR, will serve as the basis 
for the avian and bat resources pre*. during-, and post-coiistruction moititoring el'fori by 
the Applicant, any of its consultants or sub-consultants acting on its behalf, and any 
successor!s) to the Applicant, consultants, or sub-consultants. The sampling protocols set 
foith in the .VIP are based on the best available scientific methodologies to meet the study 
objeciives defined in the requiremems of the ODNR On-Shorc Bird and Bat Pre- and 
Post-Construction Monitoring Protocol for Commercial Wind Energy Facilities in Ohio. 
project specific recommendations provided to the OPSB by the ODNR and United States 
Fish and Wildlife Service {■’USl-WS") in comments dated February 28, 2017. and 
additional consultation between the Applicant and wildiife agencie.s.

B. 'I he MP is a living document and will serve as a template for all future avitm and bat 
monitoring work related to the Project. The length and type of sampling conducted will 
be revievved annually by ODNR as outlined in the MP to determine whether the sampling 
intensity, frequency, and duration are necessar> and appropriate lo meet the study 
objectives. Any such adjusimems lo Ihe existing proiocol w‘il! he based on actual 
sampling results from prior years.

C. Prior to the date of construction as identified by the Applicant pursuant to O.AC Section 
4906-3-13(6). post-construciion protocols in the Plan will be finalized and approved 
througli written conirnuniculion with the ODNR. In order to effectuate any adjusimeni.s, 
Ihe Parlies will review sampling results annitallv (at the end of the field season) and will 
meet annually to discuss and reach muiual agreement on any adjustmenb lo the .sampling 
program necessary to meet monitoring and assessment goats. The annual meeting will be 
held at least one month prior to the next field season. Tiie Parties agree to meet prior to 
January 31 of each year. This will provide adequate lead time to make adjustments to the 
sampling program prior to the sum of the field season.
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.Annual monitoring reports, including preiimimirv analyses and summaries ol'all data 
collected io date, must be submitted to ODMR at least two vseeks prior to the sdiediiled 
date oVthe aiinua! meeting provided lor m Paragraph (C) above. Annual pre-construction 
monitoring reports will provide a summary of pre-construction baseline data collected 
from the prior sampling season. Annua! post-consiruction monitoring reports will pj-ovldc 
a summary ofdata collected for the prior sampling season and a comparative analysis lo 
ideniify poicniial changes and/or impacts titte to the construction and-'or operation of the 
offshore wind facility to be developed by the .Applicant. Annual monitoring reports will 
be .shared with the USFWS and the OPSB for e.xicrnal review and analysis. These reports 
will be provided to those officials specified at those agencies lo receive notices under 
Paragraph (L)( 10) of this MOU.

K. The applicant shall submit qumtcrly and imerim Project reports to ODNR .summarizing 
monitoring activities performed according to the timeline prov ided in txhibii B attached. 
Quarterly and interim reports will include an outline of all sampling attempted, 
completed, and a summary ofdata collected as described in iIk* MP document. Quarterly 
and interim report.s shall be submitted pursuant-to the Notice provision set forth at 
Paragraph (L)(i0) ofthis MOU. Quarterly report.s will also be shared with USFWS and 
theOP.SB for review and analysis.

F. Post-construction annua) monUoring reports will be required foi-all posi-consiruclion 
sampling years as idenlUled in Exhibit A attached, w iih imerim, quarterly, and annua! 
reports followiivg the scitcdule established in F.Khibit B, attached. A final Project report 
shall be submitted to ODNR one year after all sampling and monitoring work has been 
completed. The final report will include complete analysis of all data, discussion, 
conclusions, and any recommendations for mitigation if needed, and it will be transmiiled 
pursuant to the Notice provision located at Purugruph (L)(10) of this MOU. A summary 
of reporting requirements i.s presented in Exhibit B attached.

G. All iavv data collected will be submitted by the Applicant to ODNR within tiircc months 
ofthe conclusion of each moniioiiiw compoiient set forth in the MP wiih each annual 
report. These data will be distributed to the USFWS for external review and analyses. 
Such data will become a public recoi'd and will be made available upon proper request 
unless the Applicant specifically idemillcs any data or infonnaiion under this section 
whfclr it believes to be proprietary in naUire at the time of-submission to the ODNR. IF 
data or information is identified as proprieuiry in nature, then the ODNR will

.>



Memorandum of Understanding 
ODNR and Icebreaker Wlndpouer 
Case No. I6-1S71-EL-BGN 
Avian and Bai Resources 
July 12.2017

immediately noiily the Applicant, through ihe contact person specified to receive notices 
under Paragraph (L)(I0) of this MOU, of the fact ofa records request under R.C. Section 
149.43. et. seq.. .so that the Applicant will, within fourteen (14) business day.s. be able to 
consider and act as it may consider necessary and appropriate lo protect its proprietary 
interest, including wltltoui hmkaiion ftUng an action for injunctive relief to prevent the 
disdo.sure of its inicliccUial property.

H. ODNR. working cooperatively with the USl'WS and with dc.signatcd technical experts, 
will review all quarterly, annual, interim, and fmal reports lo ensure ihc> meet ilie 
assessment goals as outlined in paragraph two of page one of thi.s document. If a finding 
of signifeam impact is determined. ODNR shall immediately notify the Applicant and 
follow-up with appropriate agencies and the Applicant to address and/or remediate the 
impact.

[. Ihis MOU may be made acondition of Submerged Lastds Lease SUB-2356-CU between 
the State of Ohio and the Applicant.

J. This MOU may be made a condition of any Certificate of Rnvironmental Coinputibility 
and Public Need issued to the Applicant in Case No. !6-)S7l-[EL-B(iN by the OPSB.

K. This MOU shall tennlnaie on the date that is five years beyond the date on which 
commercial operations began for the Project, unless terminated earlier by mutual consent 
of the Parlies, '['he term of the MOU may be extended beyond five years ii'thc ODNR 
determines that post-construction asse.ssmem results demonstrate a significant adverse 
impact and that the continued collection of avian and bat sampling data for an additional 
period of time is .scientifically warranted, The specific type of avian and bat sampling 
required to address tiie significant adverse impact will be mutually agreed to by the 
Parlies.

L. General J’erms and Conditions

Liability. The Parties agree that Applicant shall be solely responsible for any and all 
claims, demands, or causes ofaction ari.sing from Applicant's obligations under this 
MOU. Each Party to this MOU must seek its own legal representation and bear its 
own costs, attorney fees and expenses in any litigation that may arise from the 
performance of this MOU. It is specifically understood and agreed that ODNR does 
not indemnify Applicant. Nothing in this MOU shall be construed to be a waiver of
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the .sovcrciun imnuinily of the Slate of Ohio or the immunity of any ofils employees 
or agents for any purpose. In no event shall ODNR be liable for indirect, 
conscqueminl, incidental, special, liquidated, or punitive damages, ov lost proUts.

2. Ethics. Bs signing this MOIJ the Applicant certifies that it: (i) ha.s reviewed and 
understands the Ohio ethics and conflict of interest laws as found in R.C. Chapter 102 
and In R.C. Sections 2921 .'12 and 2921.43. and (ii) will lake no action inconsistent 
with those laws. The .Applicant understands that failure to comply wkh Ohio's ethics 
and conflict of interest law.s is. in itself, grounds for termination ofthis MOU with the 
Suite of Ohio.

V

3. Ohio Elections l aw. Applicant affirms that, as applicable to it, no party listed in 
Division (l)or (J) of Section 3517,13 of the R.C, has made, as an mdsvidual. within 
the two previous calendar)ears, one or more contributions to the Governor or to his 
campaign committees that exceed the limits esiabli.shed by that code.

4. Assiunmcnl/Deleaation or Amendment. Neither Party to this MOU will assign any of 
its rights, amend this Agreemeiu. nor delegate an> oftis duties and responsibilltie.s 
under this MOU vvilhout the prior writteii consent ofthe other Party. Any assignment 
or delegation not consented to may be deemed void by the non-con.seming Party.

5. Severability. In case any one or more ofthe provisions contained in ihi.s MOl; shall 
for any reason be held to be invalid, illegal, or unejiforccabie in any I'espect, such 
invalidity, illegality, or uncnlbrceability shall not affect any other provision thereof 
ami this MOU shall be construed as if such invalid, illegal, or iinenforceabie 
provision had never been contained herein.

6. Coumcroarts. This MOU may be executed in two or more counterparts, each of 
which shall be deemed to be an original and taken together .shall be deemed to be one 
and the same instrument.

7- Controlling Law. The laws ofthe state of Ohio shall govern this MOLi and any 
ciaim.s arising in any way out of this MOU. Any provision ofthis MOU prohibited 
by the law of Ohio shall be deemed void and ofrio effect. Any litigation arising out 
of or relating in any way to this MOU or the perlbrmance hereunder shall be brought 
only in Franklin County, Oliio or before the OPSB.

S. Mediation. If a dispute arises between the Parties regarding the perfoi-mnnce.
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mlei'prciaiion. or implementation ofany provi:iion in this MOl i and the Parties reach 
an impasse, prior {o pursuing litigaliost the Parties will engage a tnuuialiy agreed to 
tiiird-puriy mediator and will, in good faith, attempt to reach agreement on the issue 
within a reasonable period oflime,

9., Waiver. A waiver by an\ Part) ofany breach or default by the other Party under this 
iVlOii shall not constitute a continuing waiver b> such Part)* ofan\' subsequent act in 
breach ofor in default hereunder.

If^- Notices. Each Pany will designiue an individual b> name, title, and both street and o- 
mai! addresses for the receipt ofany noiineations retpiired by this MOU and for the 
purpose of cornmunicating on any issues that relate to the MOli and its objectives. 
Except to the c.xtent e.xpre.ssly provided otherwise herein, ail reports, notices. eon.sem.s 
and communications required hereunder (each, a ‘'Notice”) shnii be in writing and 
shall be deemed to have been properly given when: i) hand ddi\ercd with delivery 
acknow ledged in writing; 2) sent by U.S. Certilled tnail. reiurn receipt requested, 
postage prepaid; 3) sent by overnight delivery .service (Fed Ex. UPS, etc.) with 
receipt: or 4) sent by fax or email to the officers listed below. Notice.s .sliali be 
deemed given upon receipt thereof, and shall be sent to the addresses first set forth 
below. Notwithstanding the foregoing, notices sent by fax or email shall he 
effectively given only upon acknyrwledgetnem of receipt b> the receiving Party. Any 
Pany may change its address ibr receipt of Notices upon notice to the other Party. If 
delivery cannot be made at any address designated for Notices, a Notice shall be 
deemed given on the date on which delivery at such address is attempted.

Contact and delivery information Ibr the (Parties;

Wildlife Wind Biologist
Ohio Division ofVVilJlifc
2045 Morse Road. Building G
C'oluinbus, Ohio 43229-6693
(614)265-6349
Erin.I fazelton'cr'dnr.state.oh.us

President
Icebreaker Windpower, Inc. 
1938 Euclid Avenue. Suite 20f) 
Cleveland. Ohio 44 i 15
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MOU supersedes any and all previuiis agreemeiUs. whether wriuen or oral, between 
the Parlies.

12. Execution and Electronic Slirmitures. This MOU is not binding upon the Parties 
unless e^tecutec! in full, and is effective as of the last date of signature by the Parties.

Any Party hereto may deliver a copy of its counterpart signature page to this MOU 
electronically pursuant to R.C. Chapter 1306. Bach Party hereto shall be entitled to 
rely upon an electronic signature of any other Party delivered in such a manner as if 
such signature were an original.

The Remainder of this Page (ntemiunalU Blank 
Signature Page I’oiiows
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fN WITNESS TliEREOF. ODNR and Icebreaker Windpower, (nc. have caused this 
Memorandum of Understanding to be duly executed and have caused their seals to be hereto 
affixed by their duly auihorizcd officers on the date associated with each authorised signature.

This MOU sitall be effective as of the date on svhich the last of the Panics executes it.

STATE OF OHIO
DEPARTMENT OF NATURAL RESOURCES

ATTEST:

James Zehringer, Director^
ikdu

Date

ICEBREAKER WINDPOWER, INC. 

ATTBST:

07/12/2017

Michael'R. Millc Ohio'pivision of Wildlife

itmZQii
Scudder D. Mackey. Chief, Office anagemcn
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INTRODUCTION

The Icebreaker Wind Avian and Bat Monitoring Plan (“Monitoring Plan" or “Plan") describes the 
studies and analyses that will be performed to document the avian and bat resources at the 
Icebreaker Wind Project {“Icebreaker” or "Project”) site and assess potential impacts to those 
resources during the final pre-construction and post-construction phases of the Project. This 
Project Is a six turbine freshwater offshore wind facility proposed 8 to 10 miles off the shore of 
Cleveland, Ohio by Icebreaker Windpower Inc. ("Applicant" or “IWi”). This Monitoring Plan is 
based on currently available scientific methodologies (e.g., radar, acoustics, collision 
monitoring, etc.) to assess avian and bat displacement, avoidance, attraction/deterrence, and 
potential for mortality. The Plan considers the Project size, offshore location, and other factors 
specific to the unique design of this Project and is based on the requirements of the Ohio 
Department of Natural Resources ("ODNR") On-Shore Bird and Bat Pre- and Post- Construction 
Monitoring Protocol for Commercial Wind Energy Facilities in Ohio. Project specific 
recommendations were provided to the Ohio Power Siting Board ("OPSB”) by the ODNR and 
the US Fish and Wildlife Service (“USFWS") In comments dated February 28, 2017, and 
additional consultation between the IWI project team and the wildlife agencies. Per OPSB’s 
order dated April 3, 2017, a Memorandum of Understanding and monitoring protocols are to be 
submitted for its consideration.

Due to the unprecedented nature of this demonstration project, protocols for determining 
potential impacts to birds and bats in an offshore environment have not been previously 
established for the Great Lakes. Thus, this Plan makes a good-faith effort to document and 
address the potential impacts of the Project on avian and bat behavior and mortality. The Plan 
proposes an adaptive management framework to further minimize and mitigate any unforeseen 
Project impacts. Pre-construction monitoring shall be completed prior to the date on which 
construction will begin as identified by the Applicant pursuant to Ohio Administrative Code 4906- 
3-13(B). Post-construction monitoring shall commence coincident with the date the Project 
begins commercial operation as identified by the Applicant pursuant to Ohio Administrative 
Code 4906-3-13(8).

The contents of the current Plan have been shaped by studies and risk assessments previously 
perfoimed by Uie IWl project team, as well as by the numerous discussions between the IWl 
project team and wildlife agencies. Some elements described within the current Plan consist of 
monitoring studies that wtil supplement data collected by preceding studies. Potential 
behavioral impacts will be assessed by characterizing pre-construction baseline conditions 
using methodologies that will be duplicated during the Project's operational (post-construction) 
phase in order to provide robust pre- vs. post-construction comparisons for impact assessment. 
Other elements described within the Plan are unique to the operational phase of the Project. As 
this plan is a living document, certain elements (i.e., radar surveys, post-construction collision 
monitoring protocois) currently exist in draft form and will be finalized in consultation with the 
ODNR, OPSB, other agencies and stakeholders. Changes in the Plan, upon timely approval by 
ODNR in writing, will be incorporated into this document as an amendment.
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The specific monitoring elements contained within the current Plan have been shaped by 
extensive discussions between the IWi project team, the resource agencies, and the Project’s 
lead bird and bat consultant, Western EcoSystems Technology, Inc. (“WEST"). WEST proposed 
a Post-Construction Monitoring Plan on October 12, 2016. The Plan included a preliminary 
outline of potential options to assess project impacts. On October 20^'^. the ODNR and USFWS 
provided iW! (then the Lake Erie Energy Development Corporation (LEEDCoj) a document 
setting forth criteria and recommendations related to pre- and post-construction monitoring 
goals and objectives. In November, the USFWS and ODNR provided a response to WESTs 
proposed post-construction monitoring plan. Numerous conversations with representatives from 
the agencies occurred over the next two months. On December 13'^ and 14'^, IWI and WEST 
met with the ODNR, USFWS, OPSB, and US Department of Energy (“DOE") in Columbus, Ohio 
to discuss post-construction monitoring, and any additional associated pre-construction baseline 
monitoring determined necessary. Subsequent to this meeting, WEST prepared a matrix of 
monitoring options that was presented to the agencies and discussed at a meeting in Columbus, 
Ohio ott January 6, 2017. On February 28*^. the ODNR and USFWS submitted 
recommendations for bird and bat monitoring at the Project to the OPSB in association with 
IWI’s February 1, 2017 application for a Certificate of Environmental Compatibility for 
Icebreaker, and on March 6'^ IWI submitted a response.

The current Plan provides comprehensive detail on the monitoring elements of the pre- and 
post-construction studies for which methodologies can be defined and elaborated at the present 
time (i.e., bat acoustic monitoring and aerial water bird surveys). With regard to post- 
construction monitoring for bird and bat collision impacts during the Project's operational phase, 
no proven technologies or methodologies are currently available for the offshore environment. 
The Plan articulates the IWI project team’s commitment to contir^ue to evaluate emerging 
collision monitoring technologies in consultation with ODNR, OPSB, and other agencies and 
stakeholders to design and implement protocols that employ the most promising and viable 
collision monitoring technology available at the time such monitoring is set to commence. Such 
monitoring will be specific to the Project size, offshore location, and other factors specific to the 
unique design of this Project. With regard to radar monitoring, the Plan articulates the IWI 
project team’s commitment to work with ODNR, OPSB, and other agencies and stakeholders to 
retain an objective third parly radar expert to determine the feasibility and precise design of any 
pre- and post-construction radar monitoring surveys.

As a follow up to the discussions regarding the radar monitoring element, the wildlife agencies 
and the IWl project team prepared a Request for information (RFl) to assess the viability of 
deploying radar on a large vessel with a four point anchor prior to construction at the project 
site. The RFl was sent to three potential providers and responses were received in late March. 
Follow-up questions were sent to the providers by the Applicant and the USFWS, and 
responses were received. The agencies and Project team held a conference call on April 13'*' 
to discuss the viability of vessel-based radar. Subsequent discussions have led to a 
commitment between the ODNR and Applicant to work with the DOE, USFWS, and one or more 
objective third-party radar experts to design the exact parameters of any pre- and post-
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construction radar surveys deemed feasible.

This Plan responds to Issues and concerns raised by ODNR and the USFWS related to 
potential impacts on birds and bats resulting from implementation of the proposed Project. 
These protocols (and the executed Avian and Bat Monitoring MOU) demonstrate IWi’s 
commitment to ODNR that tWi will implement the required pre- and post-construction protocols 
described herein to monitor and assess environmental impacts on the avian and bat resources 
in the Project area.

It is critical that sufficient and accurate data are collected pre-and post-construction in order to 
evaluate risk of the Project to avian and bat species. This Project is the first offshore freshwater 
wind installation in North America. Established land-based protocols may need to be modified or 
adapted in order to assess risk in an offshore environment. As a pilot project, it may be 
necessary to explore the use of experimental technologies or methods to collect the data 
necessary to assess behavioral impacts and mortality. The protocols described herein In no way 
establish a state-approved standard for future offshore wind energy development.

The Plan will be continually assessed through interim and quarterly status reports and annual 
summaries, and reviewed with ODNR and OPSB annually. The exact parameters of the Plan 
are flexible and will be subject to modification over time based on results of surveys. Any 
revisions and adjustments to the Plan, which could include changes to the location of sampling, 
sampling frequency and duration, and sampling protocols and parameters, will be made as 
appropriate, and only in consultation with the ODNR and OPSB, taking into consideration input 
from other agencies and stakeholders. ODNR and IWI will review sampling results annually (at 
the end of the field season) and will meet annually to discuss and reach mutual agreement on 
any adjustments to the Plan necessary to meet monitoring and assessment goals. Prior to the 
date of construction as identified by the Applicant pursuant to Ohio Administrative Code 4906-3- 
13(B), post-construction protocols in this Plan must be finalized and, upon timely approval by 
ODNR in writing, will be incorporated into this document as an amendment.

STUDY AREA

The proposed Project will consist of six turbines in a single row. located 8 to 10 miles from the 
Cleveland shore (Figure 1).
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Figure 1. Turbine locations for the Proposed Icebreaker Wind Project, showing locations of pre-construction bat acoustic 
monitoring (see text). Two buoys have been deployed for bat acoustic monitoring at the iocatton furthest offshore 
(Miie 7 buoy).
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BAT ACOUSTICAL MONITORING 

Objectives

The primary objectives of the bat acoustic monitoring element are as follows:

• Characterize the exposure of bats to potential impacts from the Project, pre- and post
construction.

• Characterize the potential behavioral responses of bats to the presence of the Project.
• Characterize bat species composition, activity, and seasonal patterns between the 

Project site and off site.

Overview of Pre-Construction Bat Monitoring Protocol

Beginning in 2017, the following methods will be deployed to monitor bat activity at ar\d in the 
vicinity of the Project site:

At least one full season (15 March - 15 November) of acoustic monitoring. Should 
inclement weather threaten to delay the monitoring season, IWI will immediately notify 
ODNR so that survey dates may be amended to maintain 80% functionality.
Deploy acoustic monitors at the following locations: on the Cleveland Water Intake Crib 
(one at approximately 50 meter height above water level and one at 3 meter height 
above water level); on the mile 3 buoy near the water level; on a mile 7 buoy'' near the 
water level; and. on a second miie.7 buoy at the 10 meter height to monitor the base of 
the rotor-swept zone (Figure 1).
If a vessel is deployed at the project site pre-construction (see radar section, below), 
deploy an acoustic monitor on the vessel as close to a 50 meter height as mechanically 
feasible.
Use Wildlife Acoustics SM4™ detectors, or the equivalent
Detector sensitivity adjusted to detect a calibration tone at 20 meters
Run all acoustic detectors 30 minutes before sunset to 30 minutes after sunrise
continuously and concurrently during the monitoring season
Monitor, repair, and replace detectors as needed to maintain 80% functionality at each 
detection location during monitoring season, with emphasis on the spring and fall 
migration season data
Review results of acoustic monitoring with ODNR, Division of Wildlife within three 
months of deployment of ail monitoring equipment to evaluate effectiveness of protocol

' The mile 7 buoy is in fad located approximately 9 miles off of the Cleveland shore, or almost in the middle of the 
Icebreaker Wind project’s turbine string;

WEST, fnc. July 17,2017
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Overview of Post-Construction Bat Monitoring Protocol

After construction in years 1 and 3 and foliowing the same protocol as pre-construction, bat 
acoustic monitors will be deployed as follows:

• On three turbines (at least one on an end) with high (nacelle) and low (turbine platform) 
detectors

• On the miie 7 buoys near the water level and at 10m height
• On the Crib at the same locations as pre-construction monitoring
• Review results of acoustic monitoring with ODNR, Division of Wildlife within three 

months of deployment to evaluate effectiveness of protocol
• Submit annual report and copy of raw data three months after the completion of the first 

monitoring season (post-construction) and determine applicability of year three acoustic 
monitoring

Protocol Discussion

Bat acoustic data gathering will be conducted as described above to complete one full 
monitoring season prior to Project construction. Bat monitoring will be conducted using fu(l- 
spectrum acoustic SM4’“ detectors (Model: SM4, Wildlife Acoustics™, Maynard, MA; Figure 2) 
or the equivalent.

Preliminary data was collected using two SM4 units deployed on March 21, 2017 on a buoy 
located approximately 9 miles offshore of Cleveland. Ohio, within the Project area (Figure 1). 
This deployment was managed by a WEST bat acoustics specialist working in conjunction with 
the Project’s fisheries consultant, LimnoTech, who deployed and maintains the buoy, and whom 
WEST trained to monitor and maintain the bat acoustic detectors throughout the recording 
season. Microphone extension cables were used to raise the microphones to approximately 
two meters above the water level (Figure 3).
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o

Figure 2. SM4 Bat Acoustic Detector

Figure 3. SM4 Bat Detector Deployed on a buoy for the Icebreaker Wind Project, showing 
microphones deployed at approximately 2m above the surface of the water
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o Two additional units were deployed at the Cleveland Water Intake Crib on March 23, 2017. One 
of these was deployed with its microphone located approximately 3 meters above the water 
level, and the other was deployed with its microphone located approximately 50 meters above 
water level on the Crib's meteorological tower (Figure 4). One additional detector was also 
deployed on March 23, 2017 on the mile 3 LimnoTech buoy located in close proximity to the 
Cleveland Crib (Figure 1). Similar to the deployment on the mile 7 buoy, the microphone on this 
detector was also deployed at an altitude approximately 2 meters above water level. Additional 
detectors have been deployed subsequently at all of these locations for redundancy in June so 
that there are now two detectors at each of the four recording locations, in order to minimize the 
potential for data gaps due to equipment malfunctions. An additional buoy with a 10m tall pole 
was deployed next to the mile 7 buoy on July 11, 2017. When the dual microphones are fitted to 
the top of this pole and begin recording in order to monitor the base of the rotor-swept zone, the 
start of the one-year pre-construction monitoring effort will begin. Recordings will be maintained 
at least 80% functionality for each location, with emphasis on spring and fall migration.

Figure 4. The Cleveland water intake Crib (right), and close-up shot of the Crib's 
meteorological tower (left) on which a bat acoustical detector was deployed at 
roughly 50 m above the water level during the March 23, 2017 deployment

If vessel based radar is deployed prior to construction at the project site, a bat acoustic detector 
will be deployed on the vessel as high as possible, but at a minimum of 20 meters.

All detectors have been, or will be. fitted with LimnoTech-fabricated brackets for attachment to 
buoys and Cleveland Crib components. LimnoTech will be responsible for bracket fabrication. 
External batteries (12 volt. 36 ah) and two Sandisk128 GB cards for each unit will be utilized to 
allow for monthly equipment checks and data card change-outs. Sensitivity has been, or will be 
adjusted to detect a calibration tone at 20 meters. Detectors have been or will be programmed
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to begin recording at least 30 minutes before sunset and continue recording until 30 minutes 
after sunrise. A copy of raw data, acoustic analysis, and methodology will be included in the 
annual reports to ODNR.

AERIAL WATERrOWL SURVEYS 

Objectives

The primary objectives of the aerial waterfowl monitoring element are as follows:

• Characterise whether or not any water bird species are displaced from the Project area 
due to the presence of the Project

• Characterize the use of the project area by diurnal birds, including species composition, 
abundance, and distribution patterns

Overview of Pre- and Post-Construction Monitoring Protocol

IWl will adhere to all of the recommendations cor^tamed In the February 2fi, 2017 corp.ments 
from the USFWS and ODNR regarding aerial waterfowl surveys. IWl will use human observers 
for these aerial surveys, and will work with the agencies to design the system that offers the 
most effective means to collect the waterfowl information sought. The Applicant will work with 
the ODNR, In consultation with the USFWS, to define the survey area and flight patterns to 
assure study objectives are achieved. The aerial survey project area and flight patterns will be 
approved by the ODNR in writing at least two months prior to the initiation of the initial survey. 
The surveys >a41I be designed to include the following^:

Pre-construction

• Performed for one complete season (fail through spring) prior to Project construction
• Focus on waterfowl, bald eagles, and ice relative to location of birds
• Survey transects should run parallel to the turbine string
• Survey dates: mid-October through end of May
• Survey frequency: every 2 weeks
• Transect spacing: close enough to the turbines to observe birds between the turbines, 

but a safe distance from the blades
• Flight heights: 76-100 m in order to detect small water birds
• Flight speeds: 150-200 km/h unless constrained by local flying restrictions
• Suitable weather conditions for surveys defined as follows;

^ Including recommendations contained wiihin the document entitled “Preliminary recommendations to facilitate data 
collection during the auhJmn 2013 migration season Great Lakes aerial surveys" (Gilbert et al. 2013), which was 
included as an appendix to the ODNR/USFWS Feb 28 comments. Note, where specific recommendations differ 
between the OONR/USFWS letter and Ure Gilbert et al. 2013 (e.g. transect orientation), the former is taken, as it was 
developed based on site- and application-specific considerations for the Project.
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Project Icebreaker Bird and Bat Monltorlr^g Plan

o Beaufort scale wave conditions of 4 or below 
o winds of 37 km/h or below 
o minimum of 3.2 km visibility (or pilot's discretion)

• Conduct surveys at a variety of different times of day
• Standardize survey parameters
• Standardize environmental parameters
• Standardize observation methods, including the foiiowing:

o Apply distance sampling using distance band method 
Q Use a data logger or voice recorder to record data in flight 
o Record all bird species encountered 
o Record time and GPS position of each bird observation 
o Standardize coHectlon of environmental data 
o Minimize the number of different observers used

• Conduct observer training
• Record survey transect times and GPS tracks
• Standardize data collection and QA/QC process, including the foiiowing data fields on 

the data sheets:
o Survey area 
o Date
o Time (GMT/UTC or other standardized system) 
o Observer location within the plane
o Species code and/or common name (use standardized codes/names, as wel! as 

various degenerate categories, e.g. “unidentified gull’’, “unidentified diving duck") 
o Count (# of birds per observation) 
o Distance band 
o Sea state 
o Glare 
o Visibility 
o Geoposition

• Conduct statistical power analysis
• Standardize transect spacing. Transects should be spaced to maximize the number of 

transects within the project boundary while minimizing likelihood of observing the same 
flock/individual multiple times.

• Conduct double-observer studies

Post-construction

• Similar transect protocol as pre-construction
• Performed in years 1 and 4 subsequent to Project construction

WEST, Inc. July 17,2017
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RADAR

Objectives

The primary objectives of a radar monitoring element would be as follows;

• Characterize the altitudinal distribution and density of flying birds and bats at the Project 
site, pre- and post-construction

• Characterize behavioral avoidance/attraction effects in flying birds and bats in response 
to the presence of the Project

Overview of Pre- and Post-Construction Radar Monitoring Protocol

The ODNR, USFWS and !WI have retained an objective third parly radar expert (Dr. Robb 
Diehl, USGS) to determine whether collection of pre-construction radar data at the project site 
on a vessel is feasible and will achieve the study objectives. A recommendation on the viability 
and precise design of any pre-construction radar is expected by the Fall of 2017. A decision on 
the final design of any post-construction radar wili be made following the determination 
regarding pre-construction vessel based radar.

If either or both pre- or post-construction radar studies are determined unlikely to achieve the 
radar study objectives, the Applicant and agencies will work to re-direct resources to alternative 
monitoring efforts better designed to produce meaningful information concerning Project 
impacts.

S'l-’r.c*

Figure 5. Example of a barge of the general size and type proposed as the on-site 
deployment platform for pre-construction radar monitoring to be conducted for 
the Icebreaker Wind Project.
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COLLISION MONITORING 

Objectives

The primary objective of the coiiislon monitoring element is as follows;

• Detect collisions of birds and bats with wind turbines and identify to guild (if determined 
possible), post-construction

IWI recognizes that the potential for birds and/or bats to collide with Project infrastructure during 
the Project’s operational phase is of primary importance for the Project and for the Monitoring 
Plan. IWI also recognizes that the well-established methods for monitoring such impacts at 
land-based wind energy facilities cannot be performed at an offshore faciilty such as the Project. 
Although several promising technoiogies are under active development, no proven effective 
technologies to perform bird/bat collision monitoring at offshore wind energy facilities are 
currently available: however, several emerging technologies appear promising.

The Applicant will consult with the ODNR, OPSB, and other agencies and stakeholders to 
design a post-construction mortality monitoring plan using innovative technologies that are 
economically and logistically feasible for this demonstration project. The commitment made by 
IWI at the present time is to continue to evaluate developing technologies and available options 
with the expectation of implementing a robust collision-monitoring program during the Project’s 
operational phase, with the specific technology, protocol, and sampling parameters to be 
determined through continued consultation with wildlife agencies, experts, and other 
stakeholders. Depending on the limitations of the technology, additional methods may be 
warranted to supplement the data collected to provide post-cor\struction collision information, 
specific to the project size, offshore location, and other factors specific to the unique needs of 
the project. The specific collision technology, protocol, and sampling parameters will be 
identified in the post-construction protocol and, upon timely approval by ODNR in writing, will be 
incorporated into this document as an amendment.

ADAPTIVE MANAGEMENT AND MITIGATION

Icebreaker Wind is a first of its kind U.S. demonstration project, and as such the Applicant 
recognizes the Importance of rigorous post-construction monitoring to continuously evaluate the 
actual impacts of the Project on fish and wildlife. The Applicant Is committed to taking adaptive 
management steps to further minimize and mitigate any unforeseen adverse impacts on fish 
and wildlife species. A comprehensive adaptive management plan specifying all of the impacts 
avoidance, minimization and mitigation measures to be implemented, including quantitative 
impact thresholds that trigger additional mitigation contingencies, will be developed in 
consultation with the agencies and Included in the Project’s Bird and Bat Conservation Strategy 
{"BBCS”). IWI will submit the results of the pre- and post-construction surveys within three
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months of the conclusion of the relevant survey and will discuss annually with the wildlife 
agencies and stakeholders practical and reasonable technologies and methods that can be 
employed to further avoid, minimize and mitigate any unforeseen adverse impacts that the 
project is having on bird and bat species.

The Applicant is developing a Bird and Bat Conservation Strategy (BBCS) to conduct thorough 
post-construction monitoring of Proposed Project Impacts, and to undertake adaptive 
management measures, if necessary. Mitigation and adaptive management measures would be 
implemented if actual impacts exceed expectations. The BBCS will be submitted during the 
permitting process and will be finalized, in consultation with the wiidilfe agencies and 
stakeholders, well before construction.

The Applicant has agreed that the Proposed Project’s turbines would be curtailed until winds 
reach 6.7 mph at night during the fall bat migratory period.

The Applicant wiil follow lighting recommendations per the USFWS 2012 land-based wind 
energy guidance documents. Gehring et ai. (2009) found that the use of red or white flashing 
obstruction lights strongly correlated with a decrease in avian fatalities compared to non- 
flashing, steady burning lights at tower systems. Gehring et al. (2009) further stated that 
“Removing non-flashing lights from towers is one of the most effective and economically 
feasible means of achieving a significant reduction in avian fatalities at existing communication 
towers.” The Proposed Project would use flashing red lights on turbines, as stipulated by FAA 
for bird safety.

Icebreaker will continue to work with state and federal agencies to: address any bird and bat 
issues that could arise during planning, construction, operation, or decommissioning of the 
Proposed Project to ensure that they remain in compliance with the Migratory Bird Treaty Act 
and the Bald and Golden Eagle Protection Act.

( J
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F-KhibU B

Timeline of Reponinji Reqniremenls, Pre-niui Posi^Constraction

OuarterJy status reports are due on the llrst day ofMai-ch. June. September, and December for die temi of 
this MOU.

liiierlm reports for tbe pre- and post-construction protocols described in Exhibit A (Icebreaker Wind 
Avian and Bat Monitoring Plan) are due three months after tlie start of data collection for each monitoring 
component.

Annua! reports arc due three months after completion of each monitoring season.

A final report is due one year after all sampling and monitoring work ha.s been completed.



This foregoing document was electronically filed with the Public Utilities

Commission of Ohio Docketing Information System on
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Summaiy: Response to Chairman's April 3, 2017 Letter and Second Supplement to the 
Application filed on February 1, 2017. electronically filed by Christine M.T. Pirik on behalf of 
Icebreaker Windpower Inc.
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INTRODUCTION

The Icetxeaker Bat Activity Monitoring Final Report is being provided by Western EcoSystems 
Technology Inc, (WEST) to the Ohio Department of Natural Resources (ODNR) pursuant to the 
Memorandum of Understanding (MOU) between ODNR and Icebreaker Windpower Inc. (IWP) 
filed July 20, 2017, which MOU adopts the Avian and Bat Monitoring Plan ("MP") dated July 17, 
2017, as well as reporting requirements and other commitments of the parties in regard to 
construction and operation of the Icebreaker Wind Project (Project), a 20.7 megawatt offshore 
wind demonstration project proposed 12.9 ~ 16 kilometers (km) (8-10 miles) off the shore of 
Cleveland. Ohio. IWP currently has an application for a Certificate of Environmental 
Compatibility and Public Need pending at the Ohio Power Siting Board, which has been 
assigned case no. 16-1871-EL-BGN.

This report covers all bat monitoring activities undertaken by the WEST team related to items 
described in the MOU for the entirety of the 2017 bat activity season as defined by ODNR, 
covering monitoring efforts from March 21 through November 15, 2017. WEST was assisted in 
the bat monitoring efforts by LimnoTech and Conserve First LLC, who took primary 
responsibility for deploying, maintaining, and retrieving data from the buoys and acoustic 
monitors used for this survey.

METHODS

As defined In the MP, the primary objectives of the bat acoustic monitoring were;

QE Characterize the exposure of bats to potential impacts from the Project, pre- and post
construction.

03 Characterize the potential behavioral responses of bats to the presence of the Project.
[H Characterize bat species composition, activity, and seasonal patterns between the 

Project site and off site.

The exposure, behavioral responses, bat species composition, activity, and seasonal patterns of 
use were characterized through the use of acoustic bat detectors.

Overview of Bat Diversity

The Project is within the species distribution range of seven bat species. The state of Ohio lists 
the following species as state species of concern; little brown bat (Myotis iucifugus), big brown 
bat (Eptesicus fuscus), tri-colored bat (Perimyotis subfiavus), silver-haired bat (Lasionycteris 
noctivagans), eastern red bat (Lasiurus borealis), and hoary bat (Lasiurus cinereus; ODNR 
2012). The evening bat (Nycticeius humeralis) is within the range but is not a species of 
concern.
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Table 1. Bat species with potential to occur within the Icebreaker Wind Project Bat Survey Area 

Common Name Scientific Name
High-Frequency (greater than 30 kHz) 

eastern red bat*"^ 
little brown bat' 
evening bat' 
tri-colored bat'‘^

Lasiurus borealis 
Myobs lucifugus 
Nycticeius humeralis 
Perimyotis subflavus

Low-Frequency (less than 30 kHz) 
big brown bat' 
hoary bat' ”'' 
silver-haired bat'^^

Eptesicus hiscus 
Lasiurus cinereus 
Lasionycteris noctivagans

' species known to have been killed at wind energy facilities
^ currently being considered for listing by the U.S. Fish and Wildlife Service under the endangered species act 
^ long-distance migrant
Data source; Bat Conservation International (BCI) 2017 
kHz = kilohertz

Study Area and Deployment Schedule

Bat acoustic surveys were conducted at one location within the proposed Project, and two 
locations outside the Project (Figure 1). Results in this report are a summary of our findings at 
all of the surveyed locations, referred to in the report at the Icebreaker Wind Project Bat Survey 
Area.

Five stations were monitored vwth Song Meter full-spectrum ultrasonic detectors (SMS and SM4; 
Wildlife Acoustics, Inc.; Concord, Massachusetts) from either March 21 or March 23 through 
November 14, 2017, with the exception of the “seven mile” elevated, which was monitored from 
July 11 to August 30, 2017. The original plan described monitoring as starting on March 15 and 
ending November 15; detectors were not deployed at the stations until March 21 and 23, 2017, 
due to unsafe lake conditions, and were removed from the stations on November 14, 2017, due 
to weather conditions. Microphones were deployed at the following stations located within and 
outside the Project (Table 2, Figure 1);

^ “Seven-mile” lower: Located within the Project at roughly one meter (m) above water ieve! 
on a seven-miie buoy'

OD “Seven-mila” elevated: Located within the Project at 10 m elevation on a second seven-mile 
buoy.

QO Three-mile lower: Located outside the Project at roughly one m above water level at a three- 
mile buoy

DD Crib elevated: Located outside the Project at an approximate 50 m elevation on the 
Cleveland water in^ke crib, and

'Both of the seven-mile buoys are nine miles offsNire, at the Pr<^ect site
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[m Crib tovN^r: Located outside the Project site at an approximate three m elevation on the 
CJeveiand wfater intake crib.

Acoustic monitoring began at the seven-mile lower station on March 21. 2017 {two SM4 
detectors were deployed), and at the three-mile lower, crib elevated and crib lower stations on 
March 23, 2017 {one SM4 detector was deployed at each station). An additional SM4 detector 
was deployed at the crib elevated station on June 1, 2017, to add redundancy and further 
reduce the risk of data loss. Due to a detector failure, an SM3 detector was used on a 
temporary basis at the crib elevated station from June 8 to June 20, 2017. Additional SM4 
detectors were deployed at the three-mile lower and crib lower stations on June 21, 2017, to 
add redundancy and further reduce the risk of data loss. As discussed below. SM4/SM3 
microphones are more sensitive and record more bat calls than Anabat (Adams et al. 2012). 
Therefore, It is difficult to compare the results of this survey vwlh results of other bat surveys that 
utilized Anabat detectors.

LimnoTech and Aaron Godwin of Conserve First LLC worked with WEST to install microphones 
and data loggere throughout 2017 on the Cleveland Crib and buoys. LimnoTech and Aaron 
Godwin received approval from the City of Cleveland prior to installation of bat detectors on the 
crib. LimnoTech visited each logger every two to three weeks to download data and ensure the 
logger and microphone were working correctly. Acoustic bat data were sent to WEST for 
processing after each visit.

The ODNR asked Icebreaker to test deployment of an additional elevated detector within the 
Project area, hereafter referred to as the seven-mile elevated station. LimnoTech designed an 
experimental system that included a detector elevated 10-m above water level on a pole 
attached to an offshore buoy. On July 11, 2017, a SM4 detector was deployed at the seven-mile 
elevated station (on a second buoy of the same design as the original seven-mile buoy, and 
moored near it), and on July 19, 2017, a second SM4 detector was deployed at the seven-mile 
elevated location for redundancy. On September 6, 2017, it was discovered that the 10 m pole 
on the seven-mile elevated station had snapped off of the buoy in high winds and/or high 
waves. On September 20, 2017, a dive team recovered one detector from the seven-mile 
elevated station from the bottom of the lake. Based on the recovered data, WEST inferred that 
the seven-mile elevated station went Into the lake on August 31, 2017; the unit recorded data 
through the morning of August 31, but the detector did not turn on or record any data the night 
of August 31,2017.

On November 14, 2017, detectors deployed at the seven-mile lower, three-mile lower, crib 
elevated, and crib lower stations were removed for the season (Table 2).
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Table 2. Station deployment schedule at the Icebreaker Wind Project Bat Survey Area from March 
21 to November 14. 2017.

Microphone Detector Deployed Takedown
Station Station ID Placement Type Dale Date

Seven-mile elevated 1 X7.elevated.1 Elevated 10 m SM4 July 11 August 30
Seven-mile elevated 2 X7.elevated.2 Elevated 10 m SM4 July 19 August 30

Seven-mile lower 1 X7.lower.1 Water-Ievel+one m SM4 March 21 November 14
Seven-mile lower 2 X7.lower.2 Water-level+one m SM4 March 21 November 14
Three-mile lower 1 X3.lower.1 Water-level+one m SM4 March 23 November 14
Three-mile lower 2 X3.lower.2 Water-level+one m SM4 June 21 November 14

Crib elevated 1 crib.elevated.1 Elevated 50 m SM4 March 23 November 14
Crib elevated 2 crib.elevated.2 Elevated 50 m SM4 June 1 November 14

Crib lower 1 crib.lower.l Waler-level+three m SM4
SM3

March 23 
June 8

November 14 
June 20

Crib lower 2 crib.lower.2 Water-level+three m SM4 June 21 November 14

Lilw Erie

tcetmakerwinQ 
Cuya-nc^a CMinty. OH

J0Z^ M • 191!

) Icebreaker Wmd Tutbrfies

0 Ctevsiand Water Intake Crib 
^ 9 Bqi Monilorino Stations

Figure 1. Acoustic sampling locations at the Icebreaker Wind Energy Project in 2017. The red dot 
among the turbines is the “saven-mile" location, where two buoys containing ultrasound 
microphones are located in close proximity to one another, and the red dot to the west of 
the Cleveland Water intake crib is the "three-mile buoy” location (see text). The 'seven- 
mile'’ location is nine miles offshore at the Project site.
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Data Collection and Call Analysis

Acoustic detectors were programmed to turn on 30 minutes before sunset and continue running 
until 30 minutes after sunrise the following morning throughout the monitoring period. A night of 
recording ^hereafter referred to as detector-night) was defined as 30 minutes before sunset to 
30 minutes after sunrise; for example, the night of September 4“^ began 30 minutes before 
sunset on September 4*^ and ended 30 minutes after sunrise on September S'”. If a detector 
failed at any time during the recording night, that night was not counted as a successful 
detector-night.

Bat passes were sorted into two groups based on their minimum frequency. High frequency 
(HF) bats such as eastern red bats, tri-colored bats, and Myotls species typically have minimum 
frequencies greater than 30 kilohertz (kHz). Low frequency (LF) bats such as big brown bats, 
silver-haired bats, and hoary bats typically emit echolocation calls with minimum frequencies 
below 30 kHz. HF and LF species that may occur In the study area are listed in Table 1.

Bat passes were identified to species where possible, depending on call quality. Bat call files 
recorded at all stations were initially Identified to species using Wildlife Acoustics Kaleidoscope 
Pro (v4.2.0) automated acoustic identification program^. WEST bat biologists qualitatively 
(manually) reviewed each file to determine if they were bat calls or noise, and to verify species if 
possible. Unidentifiable calls lacked the necessary diagnostic characteristics needed to make a 
correct identification, contained primarily approach phase calls^, or were of too poor quality to 
identify. Unidentified bat calls were classified either as high frequency unknown (calls greater 
than 30 kHz) or low frequency unknown (calls less than 30 kHz). In some cases, bat calls 
shared characteristics between two species, and were classified accordingly. For example, big 
brown bat and silver-haired bat calls, eastern red bat and evening bat calls, and eastern red bat 
and tri-cdored bat calls, can be difficult to disfingulsh from one another in certain cases. Bat 
calls that fit that definition were labeled as EF_LN for big brown/silver-haired bats, LB_NH for 
eastern red/evening bats or LB_PS for eastern red/tri-colored bats.

Statistical Analysis

The number of bat passes per detector-night was used as the standard metric for measuring bat 
activity. A bat pass was defined as a sequence of at least two echolocation calls (pulses) 
produced by an Individual bat with no pause between calls of more than one second (Fenton 
1980). The same bat could be recorded echolocating during multiple passes at a given station; 
therefore, bat pass rates represent an index of bat activity, and do not represent numbers of 
individuals at each recording location. For example, 10 bats could echolocate near a detector 
once on a given night, or one bat could echolocate near a detector 10 times on a given night; 
both situations would result in 10 bat passes per detector-night. .The number of bat passes was

Kaleidoscope software, Wildlife Acoustics. 2017, CcMicord, Massachusetts
Approach phase calls refer to certain calls that bats make as they approach prey items. These calls are highly 

variable, and may have different characteristics than the regular echolocation caDs on which most identi^cation 
processes, both automated and manual, are based, confounding identification of such calls.
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determined by a WEST bat biologist with significant experience in acoustic analysis and 
identification of bat calls.

The sampling period was broken down into different seasons (spring, summer, and fall) based 
on migratory patterns seen in bats, to provide information on how the bats are using the areas in 
the vicinity of the recording stations during different times of the year. Spring migration season 
(spring) was defined as March 21 to May 14, 2017. Summer maternity season (summer) was 
defined as May 15 to July 31, 2017. Fall season (fall) was defined as August 1 to November 15, 
2017, and the fall migration period (FMP; July 30 to October 14) was included as a subset of the 
fall season. The FMP was defined by WEST as a standard for comparison with acUvity 
estimates from other wind energy facilities. During the FMP, bats begin moving toward wintering 
areas, and many species of bats initiate reproductive behaviors (Cryan 2008). This period of 
increased landscape-scale movement and reproductive behavior is often associated with 
Increased levels of bat fatalities at operational onshore wind energy facilities (Arnett et al. 2008; 
Arnett and Baerwald 2013).

The period of peak sustained bat activity was defined as the seven-day period with the highest 
average bat activity. If multiple seven-day periods equaled the peak sustained bat activity rate, 
all dat^ in these seven-day periods were reported. This and all multi-detector averages in this 
report were calculated as an unweighted average of total activity (bat passes per detector-night) 
at esk:h detector.

RESULTS

Acoustic detectors were deployed at the seven-mile elevated, seven-mile lower, three-mile 
lower, crib elevated, and crib lower stations for a total of 999 nights (station nights). Detectors 
were operational on 939 nights, (successful staUon nights; Table 3) resulting in a 93.7% 
success rate (including seven-mile elevated station during deployment of the station July 11 to 
August 30, 2017).

The MOU specified that detectors should be managed to ensure they operated correctly during 
at least 80% of the survey period. The seven-mile elevated station was not Included in the 
following overall percent success calculations due to the experimental nature of the sampling. 
The overall project success during the warm season, defined as the nights of March 15 through 
November IS, 2017 by the MOU, was 90.2%, meeting the 80% minimum requirement of 
monitoring nights (Figure 2). The only nights where Figure 2 shows zero percent operational 
were nights that detectors were not deployed at the Project.

Duplicate detectors were deployed at each station for ail or part of 2017 monitoring to add 
redundancy and further reduce the risk of data loss. Deployed nights include all nights that a 
detector was deployed at a station. Successful station nights include the number of nights at 
least one detector was functional at a station. Therefore, two detectors (both functioning) 
deployed at a station for one night equals one deployed night and one successful station night, 
or two detectors deployed for three nights, both functioned night one, one functioned night two,
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and neither functioned night three equals three deployed nights and two successful station 
nights. Non-successful detectw nights were due to detector or microphone failure likely due to 
harsh weather conditions and/or lightning strikes.

Table 3. Operational success at the Icebreaker Wind Project Bat Survey Area, defined by 
detector-nights of acoustic data, by station and season.

Station
Seven-Mile Seven-Mile Three-Mile Crib 
Elevated* Lower Lower Elevated

Crib
Lower Overall

Spring NA 55 40 53 52 200
Summer 21 78 58 75 78 310
Fall 30 105 105 89 100 429
Successful Detector- NIghte 51 238 203 217 230 939
Number of Nights Detectors Were 
Deployed at a Given Station 51 233 238 238 238 999
Total Nights Available (full warm 
season) 246 246 246 246 246 1230

Success During Deployment 
Success of Total Warm Season

100%
N/A

100%
96.8%

86.0%
82.5%

91.6%
882%

97.1%
93.5%

93.7%**
90.4%**

* Seven-mile elevated station was not included in overall percent success calculations 
** includes only seven-mile lower, three-mile buoy, crib elevated, and crib lower stations

Oats

Figure 2. Operational success defined by successful station nights at the seven-mile lower, three- 
mile lower, crib elevated, and crib lower stations at the Icebreaker Wind Project Bat 
Survey Area during each night of deployment from March 15 to November 15. 2017. This 
does not incorporate the seven-mile elevate station due to the experimental nature of its 
deployment.
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Overall Bat Activity

AH 10 detectors at all five stations recorded a total of 10,114 bat passes on 1.531 successful 
detector nights'*. The eight detectors deployed at seven-mile lower, three-mile lower, o-ib 
elevated, and crib lower stations from March 21 through November 14, 2017 recorded a total of 
9,3S9 bat passes on 1,453 successful detector nights^ for a mean ± standard error of 6.8±0J 
bat passes per detector-night. Lower detectors recorded a total of 9,128 bat passes over 1,118 
successful detector-nights, with an average of 8.8±1.0 bat passes per detector-night. Elevated 
detectors recorded a total of 261 bat passes on 335 detector-nights, with an average of 0.8±0.1 
bat passes per detector-night {Table 4; Figure 3). Low-frequency bat passes (5,499 bat passes 
recorded) were recorded more commonly than high-frequency bat passes (3,890 bat passes 
recorded; Table 4). Due to the duplicate detectors deployed at the same station it is likely that 
the same bat could be recorded echolocating on both detectors at the same time. It is also 
possible that the same bat could be recorded echolocating during multiple passes at a given 
station (or detector); therefore, bat pass rates (bat passes / detector night), also referred to as 
bat activity In this report, are a more appropriate metric for comparing use between detectors. 
Bat pass rates represent an index of bat activity, and do not represent numbers of individuals at 
each recordinalocation.

Table 4. Results of acoustic bat surveys conducted at the Icebreaker Wind Project Bat Survey 
Area from March 21 to November 14.2017. Bat passes are separated by call frequency: 
high frequency (HF) and low frequency (LF) groups. ___

Station
Microphone
Placement

Number of 
HF Bat 
Passes

Number
of LF Bat Total Bat Detector- 
Passes Passes Nights

Bat Passes/ 
Night’

Seven-mile lower 1 Water-level+one m 467 518 985 238 4.110.5
Seven-mile lower 2 Water-level-f-one m 436 509 945 212 4.510.6
Three-mile lower 1 Water4eve!+one m 468 601 1.069 203 5.310.7
Three-mile tower 2 Water-level+one m 486 435 921 140 6.611.1
Crib elevated 1 Elevated 50 m 9 133 142 185 0.810.1
Crib elevated 2 Elevated 50 m 18 101 119 150 0.810.1
Crib lower 1 Water-level+three m 1,154 2,131 3,285 206 16.011.5
Crib lower 2 Water-level+lhree m 852 1.071 1,923 119 16.212.1
Total Lower 3,863 5,265 9.128 1,118 8.811.0
Total Elevated 27 234 261 335 0.810.1
Total 3.890 5,499 9.389 1.453 6.810.7
* ± bootstrapped standard error; m meters

Nightly success of every detector including duplicate detectors deployed at all stations except the 7-mi elevated 
station.
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Figure 3. Number of high-frequency (HF) and low-frequency (LF) bal passes per deteclor-night 
recorded at all detectors and stations at the Icebreaker Wind Project Bat Survey Area from 
March 21 to November 14. 2017.

X7.lower = seven-mile buoy lower stations, X3.lower = three mile buoy lower stations

Bat activity varied between stations, with the highest activity seen at the crib lower detectors 
(16.011.6 and 16.2±2.1 bat passes per detector-night), and the lowest activity seen at the crib 
elevated detectors (0.810.1 and 0.810.1 bat passes per detector-night; Table 3). Bat activity 
decreased as distance from land increased. The three-mile lower detectors recorded an 
average of 5.310.7 and 6.6H.1 bat passes per detector-night, and the seven-mile lower 
detectors recorded an average of 4.110.5 and 4.510.6 bat passes per detector-night (Table 3).

’'Seven-Mile” Elevated Station

The seven-mile elevated station was deployed only during the middle of the warm season, July 
11 to August 30. 2017. This time period included the end of the summer season, beginning of 
the fall season and the fall migration period. In order to focus on direct comparison of bat activity 
at the different stations during this time period a subset of all data recorded at all stations were 
analyzed. Bat activity was highest at the crib lower detectors (28.714.5 and 20.9±3.5 bat passes 
per detector-night), and lowest at the crib elevated detectors (2,410.5 and 1.0i0.2 bat passes 
per detector-night). Bat activity at the seven-mile elevated, seven-mile lower, and three-mile 
lower stations was simitar, falling within the bootstrapped standard error of mean bat passes per 
detector-night (Table 5; Figure 4).
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Table 5. Results of acoustic bat surveys conducted at the Icebreaker Wind Project Bat Survey 
Area from July 11 through August 30. 2017'. Bat passes are separated by call frequency: 
high frequency (HF) and low frequency (LF) groups.

Station
Microphone
Placement

Number 
ofHF Bat 
Passes

Number
ofLFBat
Passes

Total Bat Detector- 
Passes Nights

Bat Passes/ 
Night~

Seven-mile elevated 1 Elevated 10 m 112 189 301 35 8,6±1.7
Seven-mile elevated 2 Elevated 10 m 171 253 424 43 9.9±1.8
Seven-mile lower 1 Water-level-r-one m 212 225 437 51 0.6±1.7
Seven-mile lower 2 Water-level+one m 203 266 469 51 9.2±1.6
Three-mile lower 1 Water-level+one m 176 263 439 51 B.6±1.7
Three-mile lower 2 Waler-level+one m 200 233 433 51 8.5±1.5
Crib elevated 1 Elevated 50 m 8 87 95 40 2.4±0.5
Crib elevated 2 Elevated 50 m 10 42 52 51 1.0±0.2
Crib lower 1 Water-level+three m 556 737 1,293 45 28.7±4.5
Crib lower 2 Water-ievel+three m 486 578 1,064 51 20,9±3.5
Total Lower 1.833 2,302 4,135 300 14.1±2.0
Total Elevated 301 571 872 169 5.5±0.8
Total 2,134 2.873 5,007 469 10.6±1.5
* July 11 through August 30, 2017 Is the time period that the seven-mile elevated staUons were deployed 
** t bootstrapped standard error, 
m = meters
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Figure 4. Number of high-frequency (HF) and low-frequency (LF) bat passes per detector-night 
recorded at all detectors and stations at the Icebreaker Wind Project Bat Survey Area from 
July 11 through August 30, 2017*.

X7. Elevated = seven-mile buoy elevated stations. X7.lower = seven-mile buoy lower stations. X3.lower = three mile 
buoy lower stations
* July 11 through August 30. 2017 is the time period that the seven-mile elevated stations were deployed
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Seasonal Patterns of Bat Activity 

Fall Migration Period

Data from the Seven-mile elevated station was excluded from seasonal comparisons of activity, 
because this station only operated during a portion of the fall migration period. Overall bat 
activity at the seven-mile lower, three-mile lower, crib elevated, and crib lower stations 
combined, was highest during the FMP with 10.0±1.4 bat passes per detector-night Bat activity 
at lower stations was highest during the FMP with 13.2±1.9 bat passes per detector-night Bat 
activity at elevated stations was highest during the summer season with 1.6±0.3 bat passes per 
detector-night

Spring

Overall bat activity was lowest during the spring season with 1.7±0.6 bat passes per detector- 
night. The majority of bat activity during the spring season was attributed to low-frequency bats 
(1.6±0.6 bat passes per detector-night). There were very few high-frequency bats recorded 
during the spring (0.2±0.0 bat passes per detector-night). High-frequency bats were only 
recorded at lower stations in the spring.

Summer and Fall

Overall bat activity was higher during the summer season with 8.5i;1.0 bat passes per detector- 
night than during the fall season with 7.0±1.0 bat passes per detector-night. Lower stations had 
slightly higher bat activity during the summer season (10.8±1.4 bat passes per detector-night) 
than during the fall season (9.2±1.5 bat passes per detector night). Crib elevated stations had 
higher bat activity in the summer season (1.6±0.3 bat passes per detector-night) than in the fail 
(0.3±0.1 bat passes per detector-night; Table 6; Figure 5).

Project Site - “Seven-mile” buoy

Bat activity at the seven-mile lower station was highest during the FMP with 9.2±1.4 bat passes 
per detector night, followed by fall with 6,3±1.0 bat passes per detector-night, summer with 
4.1 ±0.8 bat passes per detector-night, and spring with 0.7±0.2 bat passes per detector-night. 
During the FMP and fall high-frequency bat activity was higher {FMP: 5.1 ±0.8 bat passes per 
detector-night; fall: 3.7±0.6 bat passes per delectormight) than low-frequency bat activity (FMP: 
4.1 ±0.8 bat passes per detector-night; fall: 2.6±0.5 bat passes per detector-night). During the 
spring and summer low-frequency bat activity was higher (spring: 0.7±0.2 bat passes per 
detector-night; summer: 3.1 ±0.7 bat passes per detector-night) than high-frequency bat activity 
(spring: 0.1±0.0 bat passes per detector-night; summer: 1.0±0.2 bat passes per detector-night).
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Table 6. The number of bat passes per delector-night recorded at the Icebreaker Wind Project Bat 
Survey Area during each season, separated by call frequency: high-frequency (HF), low- 
frequency (LF), and all bats <AB).

Summar Fall Fall Mioratinn Ptwinrt
Call March 21 - May 15-July Aug 1 - Nov

Station Frequency Mav 14 31 15 Jul 30-Oct 14
LF 0.7 2.9 2.5 3.8

Seven-mile lower 1 HF 0.0 0.9 3.8 5.3
AB 0.7 3.7 6.3 9.1
LF 0.7 3.4 2.8 4.3

Seven-mile lower 2 HF 0.1 1.1 3.6 5.0
AB 0.7 4.4 6.3 9.3
LF 1.7 4.7 2.5 4.0

Three-mile lower 1 HF 0.1 2.3 3.1 4.5
AB 1.8 7.0 5.6 8.5
LF NA 4.4 2.6 3.8

Three-mile lower 2 HF NA 3.0 3.7 5.0
AB NA 7.4 6.2 8.7
LF 0.1 1.7 0.2 Q.5

Crib elevated 1 HF 0.0 0.1 0.0 0.1
AB 0.1 1.8 0.2 0.6
LF NA 1.2 0.3 0.3

Crib elevated 2 HF NA 0.1 0.1 0.1
AB NA 1.3 0.4 0.5
LF 4.8 16.0 8.4 14.3

Crib lower 1 HF 0.6 6.7 7.9 12.5
AB 5.4 22.7 16.3 26.8
LF NA 12.4 7.2 8.6

Crib lower 2 HF NA 7.0 7.3 8.1
AB NA 19.4 14.5 16.7
LF 2.0±0.7 7.311.1 4.310.7 6.511.0

Lower Totals HF 0.2±0.1 3.510.5 4.910.9 6.711.1
AB 2.1±0.7 10.811.4 9.211.5 13.211.9
LF 0.1±0.1 1.510.2 0.210.1 0.410.2

Elevated Totals HF 0.0±0.0 O.llO.O 0.110.0 0.110.1
AB 0.110.1 1.610.3 0.310.1 0.510.2
LF 1.610.6 5.810.7 3.310,5 5.010.7

Overall HF 0.210.0 2.610.3 3.710,6 5.110.7
AB 1.710.6 8.511.0 7.011.0 10.011.4

' not all stations had duplicate detectors deployed during the spring season
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Figure 5. Seasonal bat activity by high-frequency (HF), low-frequency (LF), and all bats at the 
Icebreaker Wind Project Bat Survey Area from March 21 through November 14, 2017. The 
bootstrapped standard errors are represented on the ‘All Bats' columns.

Overall weekly acoustic activity at the crib elevated and lower, three-mile buoy, and seven-mile 
lower buoy stations for all bats peaked from September 20 to September 26, 2017 with 31.7 bat 
passes per detector-night. Low-frequency bat activity peaked during the same time week as all 
bat activity with 14.1 bat passes per detector-night. High-frequerkcy bat activity peaked slightly 
earlier, from September 18 to September 24. 2017 with 17.9 bat passes per detector-night. In all 
seasons high-frequency bat activity peaked earlier than iow-frequency and all bat activity (Table 
7; Figure 6). Overall bat activity gradually decreased for the remainder of the study period from 
September 26 through November 14. 2017 (Figure 6).

Table 7. Periods of peak activity for high-frequency, low-frequency, and all bats at the Icebreaker 
Wind Project Bat Survey Area from March 21 to November 14, 2017.

High-Frequency Low-Frequency All Bats
Bat passes Bat passes Bat passes

Season Start End per detector- Start End per detector- Start End perdetector-
niqht niqht night

Spring 4/9 4/15 0.5 4/24 4/30 5.5 4/24 4/30 5.8
Summer 7/17 7/23 5.9 7/25 7/31 11.1 7/25 7/31 16.7
Fall 9/18 9/24 17.9 9/20 9/26 14.1 9/20 9/26 31.7
FMP 9/18 9/24 17.9 9/20 9/26 14.1 9/20 9/26 31.7
Overall 9/18 9/24 17.9 9/20 9/26 14.1 9/20 9/26 31.7
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• MBtU

Figure 6. Weekly patterns of bat activity by high-frequency (HF). low-frequency (LF). and all bats at 
the Icebreaker Wind Project Bat Survey Area from March 21 to November 14, 2017.

Overall weekly acoustic activity at the seven-mile lower station for all bats peaked from 
September 20 to September 26, 2017 with 20.8 bat passes per detector-night. Low-frequency 
bat activity peaked from August 28 to September 3, 2017 with 10 bat passes per delector-night. 
High-frequency bat activity peaked from September 17 to September 23, 2017 with 14.4 bat 
passes per detector-night (Table 8).

Table 8. Periods of peak activity for high-frequency, low-frequency, and all bats at the 
Icebreaker Wind Project Seven-mile lower station from March 21 to November 14, 2017. 

High-Frequency Low-Frequency All Bats
Bat passes Bat passes Bat passes

Season Start End per detector- Start End per detector- Start End per detector-
nightnight night

Spring 4/8 4/16 0.3 4/12 4/21 2.1 4/12 4/21 2.2
Summer 7/16 7/25 2.4 7/25 7/31 7 7/25 7/31 8.6
Fall 9/17 9/23 14.4 8/28 9/3 10 9/20 9/26 20.8
FMP 9/17 9/23 14.4 8/28 9/3 10 9/20 9/26 20.8
Overall 9/17 9/23 14.4 8/28 9/3 10 9/20 9/26 20.8

Species Composition 

Overall Bat Species Activity

Kaleidoscope isolated a total of 10,426 bat passes files from all seasons, detectors, and 
stations; this number also includes files containing bat calls that could not be identified to
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species by Kaleidoscope, WEST biologists identified 10,114 bat passes of these passes to 
species or species group (high- or low-frequency unknown, EFJ.N, LB^NH or LB_PS; Table 9). 
There were 312 bat passes that were identified as bats by Kaleidoscope that were determined 
to be noise files during manual review.

Long-distance migratory species were the three most commonly identified bat species across all 
stations, accounting for approximately 80% of all bat activity. Eastern red bats were the most 
commonly Identified species with a total of 4,097 bat passes (40.6%) recorded across all 
stations. Hoary bats were the second most commonly identified species with a total of 2,454 bat 
passes (24.3%) recorded across all stations. Silver-haired bats were the third most commonly 
identified species with a total of 1,545 bat passes (15.3%) recorded across all stations. Big 
brown bats were the fourth most commonly Identified species with a total of 1,210 bat passes 
(12.0%) recorded across all stations. Less commonly identified species included low-frequency 
unknown bats (440 bat passes [4.4%]), big brawn/silver-haired bat group (292 bat passes 
[2.9%]), high-frequency unknown bats (45 bat passes [0.4%]), tri-colored bats (13 bat passes 
[0.1%], eastern red/evening bat group <10 bat passes [0.1%]), eastern red/tri-colored bat group 
(7 bat passes [0,1%]), and little brown bats (1 bat pass [0.01%]; Table 9 and Table 10) All 
species across all seasons had higher activity at the lower stations than the elevated stations.

At the Project site, seven-mile lower buoy (nine miles offshore), long-distance migratory species 
were the three most commonly identified bat species at the seven-mile lower and elevated 
stations, accounting for approximately 80% of all bat activity. Eastern red bats were the most 
commonly identified species with a total of 1,159 bat passes (53.8%) recorded at the seven-mile 
elevated and lower stations for the entire duration of sampling. Hoary bats were the second 
most commonly identified with a total of 630 bat passes (29.2%) recorded. Silver-haired bats 
were the third most commonly identified species with a total of 365 bat passes (16.9%) 
recorded. Other less commonly recorded species included big brown bats (273 bat passes 
[7.9%]), tri-colored bats (three bat passes [less than 0.1%]), and little brown bats (one bat pass 
[less than 0.1%}). The little brown bat and tri-colored bats were both recorded at the seven-mile 
lower stations.

Bat species diversity was highest at the seven-mile lower station wth the following six bat 
species Identified: big brown, eastern red, hoary, silver-haired, little brown, and tri-colored bats. 
Five bat species and five bat species groups were identified at the crib lower station: big brown, 
eastern red, hoary, silver-haired, and tri-colored bats. The crib elevated station had the lowest 
bat diversity, with the following four bat species identified; big Iwown, eastern red, hoary, silver- 
haired bats (Figure 7).
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Table 9. Number of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area from March 
14^2017.

Station EF LN EPFU LABO LACI LANO LB NH LB. PS MYLU PESU UNHF 1
Seven-mile elevated 1 10 28 112 124 13 0 0 0 0 0
Seven-mile elevated 2 8 51 170 137 31 0 0 0 0 1
Seven-mile kw/er 1 24 97 454 176 179 1 0 0 2 10
Seven-mile lower 2 26 97 423 193 142 1 0 1 1 10
Three-mile lower 1 44 85 461 269 184 0 0 0 0 7
Three-mile lower 2 26 76 475 211 90 2 0 0 0 9
Crib elevated 1 0 5 9 107 16 0 0 0 0 0
Crib elevated 2 1 1 17 75 19 0 0 0 0 1
Crib lower 1 107 488 1,141 719 690 1 2 0 6 4
Crib lower 2 46 282 835 443 181 5 5 0 4 3
Total Lower 273 1.125 3.789 2,011 1,466 10 7 1 13 43
Total Elevated 19 85 308 443 79 0 0 0 0 2
Total 292 1,210 4,097 2.454 1.545 10 7 1 13 45
EF_LN a big brown /silver «*haired bat group. EPFU = big brown bat, LABO = eastern red bat, LACI = hoary bat, LANO = silver haired bal. LB_ 

red/evenIng bat group, LB_PS = eastern red/tri-colored bat group. MYUU = little brown bal, PESU = tri-colored bal. UNHF « high frequenc 
UNLF = low frequ^cy unidentilted.
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Table 10, Percentage' of bat calls qualitatively verified at the icebreaker Wind Energy Project Bat Survey 
November 14,2017.

Station EF LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF L
SeveivmHe elevated 1 3.4% 2.3% 2.7% 5.1% 0.8% 0.0% 0-0% 0,0% 0.0% 0.0% 2
Seven-mile elevated 2 2.7% 4.2% 4.1% 6.6% 2.0% 0.0% 0.0% 0.0% 0.0% 2.2% e

Severvmile lower 1 8.2% 8.0% 11.1% 7.2% 11.6% 10.0% 0.0% 0.0% 15.4% 22.2% i
Seven-mile lower 2 8.9% 8.0% 10.3% 7.9% 9.2% 10.0% 0.0% 100% 7.7% 22.2% 1
Three-mile lower 1 15.1% 7.0% 11.3% 11.0% 11.9% 0.0% 0.0% 0.0% 0.0% 15.6% (C

Three-mile lower 2 8.9% 6.3% 11.6% 8.6% 5.8% 20.0% 0.0% 0.0% 0.0% 20.0% 7
Crib elevated 1 0.0% 0.4% 0,2% 4.4% 1.0% 0.0% 0.0% 0,0% 0.0% 0.0% 1
Crib elevated 2 0.3% 0.1% 0.4% 3.1% 1.2% 0.0% 0.0% 0.0% 0.0% 2.2% 1
Crib lower 1 36.6% 40.3% 27.8% 29.3% 44.7% 10.0% 28.6% 0.0% 46.2% 8.9% 2
Crib lower 2 15.8% 23.3% 20.4% 18.1% 11.7% 50.0% 71.4% 0.0% 30.8% 6.7% 2
Total Lower 93.5% 93.0% 92.5% 819% 94.9% 100% 100% 100% 100% 95.6% 8
Total Elevated 6.5% 7.0% 7.5% 18.1% 5.1% 0.0% 0.0% 0.0% 0.0% 4.4% 1
TolaH 2.9% 12.0% 40.5% 24.3% 16.3% 0.1% 0.1% <0.1% 0.1% 0.4%
EF^LN s big brown /silver -haired bat group, EPFU * big brovm bat, LABO = eastern red bat. LACl = hoary bat, LANO = silver hatred bat, LS^ 

red/evening bat group. LB_P$ * eastern red/tri-colored bat group, MYLU = litBe brown bat. PESU * tri-cotored bat. UNHF = high frequenc; 
UNLF - low frequency unidentified.

' Calculated by taking the number of species bat passes retarded at a detector or station t^e divided by the total number of spedes batpassr 
^ Calculated by taking the nurr^er of species bat passes recorded divided by the all bats total number of bat passes recorded at fria Icebreaker 

Project
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Figure 7. Bat species present at each detector location and station at the Icebreaker Wind Project Bat Survey Area f 
November 14, 2017.

X7.elevated - seven-mile buoy elevated stations. X7.lower = seven-mile buoy tower stations. X3.lower = three mile buoy lower stations
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Seasonal Patterns of Bat Species Activity

Spring season was defined as beginning March 21 through May 14, 2017. There were 430 bat 
passes identified to species or species group during the spring, season. Silver-haired bats were 
the most commonly identified species during the spring, with 312 bat passes (72.8%) recorded 
across all stations. Big brown bats, eastern red bats, ar\d hoary bats were identified in low 
numbers during the spring season; eastern red bats with 37 bat passes (8.6%), big brown/silver- 
haired bat group with 33 bat passes (7.7%), hoary bats with 22 bat passes (5.1%), and big 
brown bats with 17 bat passes (4.0%). There were eight bat passes (1.9%) categorized Into the 
low-frequency unknown group, and one bat pass (0.2%) categorized into the high-frequency 
unknown group (Table 11 and Table 12).

Summer season was defined as May 15 through July 31. 2017. There were 4,230 bat passes 
Identified to species or species group during the summer season. Hoary bats were the most 
commonly identified species during the summer, with 1,359 bat passes (32.1%) recorded 
across all stations. Eastern red bats were the second most commonly identified species during 
the summer, with 1,258 bat passes (29.7%) recorded across all stations. Silver-haired bats and 
big brown bats were recorded in moderate numbers during the summer season; silver-haired 
bats (622 bat passes {14.7%1), and big brown bats (606 bat passes [14.3%]). Additional species 
detected in lower numbers included: low-frequency unknown group (215 bat passes [5.1%]), big 
brown/silver-halred bat group (157 bat passes [3.7%]), high-frequency unknown group (eight bat 
passes (0.2%]), tri-colored bats (three bat passes [0.1%]), eastern red/evening bat group (one 
bat pass [less than 0.1%]), and eastern red/tri-colored bat group (one bat pass [less than 0.1%]; 
Table 13 and T able 14).
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Table 11. Number of bat calls qualitatively verified at the icebreaker Wind Energy Project Bat Survey Area during th 
(March 21-Mav14.2017).

Station EF LN EPFU LABO LACI LANO LB...NH LB PS MYLU PESU UNHF t
Seven-mile lower 1 1 6 2 5 30 0 0 0 0 0
Seven-mile lower 2 0 0 3 2 33 0 0 0 0 0
Three-mile lower 1 1 3 2 3 58 0 0 0 0 1
Crib elevated 1 0 0 0 0 4 0 0 0 0 0
Crib lower 1 31 14 30 12 187 0 0 0 0 0
Totel Lower 33 17 37 22 308 0 0 0 0 1
Total Elevated 0 0 0 0 4 0 0 0 0 0
Total 33 17 37 22 312 0 0 0 0 1
EF_LN - big brown /silver -haired bat group, EPFU s big brown bat, U/^0 = eastern red bat. LACI = hoary bat. LANO « silver haired bat. LB_ 

red/evening bat group, LB_PS = eastern red/tri-colored bat group. MYLU = little brown bat. PESU = tri-colored bat. UNHF = high frequenc 
UNLF a low frequency unidentified.

Table 12. Percentage’ of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area during th

station EF LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF i
Seven-mile lower 1 3.0% 0% 5.4% 22.7% 9.6% 0% 0% 0% 0% 0%
Seven-mile lower 2 0% 0% 8.1% 9.1% 10.6% 0% 0% 0% 0% 0% -
Three-mile lower 1 3.0% 17.6% 5.4% 13.6% 18.6% 0% 0% 0% 0% 100%
Crib elevated 1 0% 0% 0% 0% 1.3% 0% 0% 0% 0% 0%
Crib lower 1 93.9% 82.4% 81.1% 54.5% 59.9% 0% 0% 0% 0% 0% {

Total Lower 100% 100% 100% 100% 98.7% 0% 0% 0% 0% 100%
Total Elevated 0% 0% 0% 0% 1.3% 0% 0% 0% Q% 0%
Total*' 7.7% 4.0% 8.6% 5.1% 72.6% 0% 0% 0% 0% 0.2%
' Calojlated by taking the number of species bat passes recorded at a detector or station t^e divided by the total number of species bat pass< 
^ Calculated by bking the number of species bat passes recorded divided by the all bats total number of bat passes recorded at the IWP.
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Table 13. Number of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area durir 
(MaYl5-July31,2017).

Station EF..LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF 1
Seven-mile elevated 1 5 10 42 76 3 0 0 0 0 0
Seven-mile elevated 2 1 7 23 40 3 0 0 0 0 0
Seven-mile lower 1 14 40 66 82 64 0 0 0 0 0
Seven-mite lower 2 5 35 53 92 36 0 0 0 0 4
Three-mile lower 1 24 45 136 141 55 0 0 0 0 0
Three-mile lower 2 9 37 117 105 22 0 0 0 0 4
Cdb elevated 1 0 4 8 98 11 0 0 0 0 0
Crib elevated 2 1 0 6 68 11 0 0 0 0 0
Grib tower 1 71 277 523 457 365 1 0 0 2 0
Crib lower 2 27 151 284 210 52 0 1 0 1 0
Total Lower 150 586 1,179 1.087 594 1 1 0 3 8
Total Elevated 7 21 79 272 28 0 0 0 0 0
Total 157 606 1,258 1,359 622 1 1 0 3 8
EF_LN » big brown /silver -haired bat group. EPFU = big brown bat. LABO = eastern red bat, LACI = hoary bat. LANO = silver haired bat. LB_ 

red/evening bat group, LB_PS = eastern red/tn-colored bat group, MYLU = little brown bat, PESU = W-colored bat. UNHF * high fr^iuenc; 
UN1.F = tow frequency unidentified.
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Table 14. Percentage’ of bal calls qualUatively verified at the Icebreaker Wind Energy Project Bat Survey Area dur

Station EF_LN EPFU lABO LACl LAND LB NH LB PS MYLU PESU UNHF
Seven-mile elevated 1 3.2% 1.7% 3.3% 5.6% 0.5% 0% 0% 0% 0% 0%
Seven-mite elevated 2 0.6% 1.2% 1.8% 2.9% 0.5% 0% 0% 0% 0% 0%
Seven-mile lower 1 8.9% 6.6% 5.2% 6.0% 10.3% 0% 0% 0% 0% 0%
Seven-mile lower 2 3.2% 5.8% 4.2% 6.8% 5.8% 0% 0% 0% 0% 60%
Three-mile lower 1 15.3% 7.4% 10.8% 10.4% 8.8% 0% 0% 0% 0% 0%
Three-mile lower 2 5.7% 6.1% 9.3% 7.7% 3.5% 0% 0% 0% 0% 50%
Crib elevated 1 0% 0.7% 0.6% 7.2% 1.8% 0% 0% 0% 0% 0%
Crib elevated 2 0.6% 0% 0.5% 4.3% 1.8% 0% 0% 0% 0% 0%
Crib lower 1 45.2% 45.7% 41.6% 33.6% 58.7% 100% 0% 0% 66.7% 0%
Crib lower 2 17.2% 24.9% 22.6% 15.5% 8.4% 0% 100% 0% 33.3% 0%
Total Lower 95.5% 96.5% 93.7% 80% 95.5% 100% 100% 0% 100% 100%
Total Elevated 4.5% 3.5% 6.3% 20% 4.5% 0% 0% 0% 0% 0%
Total"' 3.7% 14.3% 29.7% 32.1% 14.7% <0.1% <0.1% 0% 0.1% 0.2%

Calculated by taking the number of spedes bat passes recorded at a detector or station type divided by total number of species bat passe 
^Calculated by taking the number of spedes bat passes recorded divided by the all bats total number of bat passes recorded at the IWP.
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Fall season was defined as August 1 through November 14, 2017. There were 5,454 bat passes 
identified to species or species group during the fall season. Eastern red bats were the most 
commonly identified species during the fall, with 2,302 bat passes (51.4%) recorded across all 
stations. Hoary, silver-haired, and big brown bats were other commonly identified species during 
the fall season, with 1,073 hoary bat passes (19.7%), 611 silver-haired bat passes (11.2%), and 
587 big brown bat passes (10.8%) recorded across all staUons. Additional species detected in 
lower numbers included: low-frequency unknown group (217 bat passes [4.0%D, big 
brown/silver-halred bat group (102 bat passes (1.9%)), high-frequency unknown group (36 bat 
passes I0.7%3), tri-colored bats (10 bat passes [0.2%3), eastern red/evening bat group (nine bat 
passes [0.2%]), and eastern red/tri-colored bat group (six bat passes (0.1%]). The only little 
brown bat pass identified was recorded during the fail season (one bat pass (less than 0.1%); 
Table 15 and Table 16).

The FMP overlaps with the end of the summer season and beginning of the fall season, 
beginning July 30 and ending October 14, 2017. There were 6,018 bat passes identified to 
species or species group during the FMP. Species activity during the FMP was similar to the fall 
season. The most commonly identified species during the FMP were eastern red bats (2,962 
bat passes [49.2%]), followed by hoary bats (1,219 bat passes [21.5%]), big brown bats (713 
bat passes [11.8%]), and silver-haired bats (618 bat passes [10.3%]). The little brown bat pass 
was recorded at the seven-mile lower station during the FMP (Table 17 and Table 18).
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Table 15. Number of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area during 
(August 1 - November 14,2017).

Station EF.XN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF 1
Seven«mile elevated 1 5 18 70 48 10 0 0 0 0 0
Seven-mile elevated 2 7 44 147 97 28 0 0 0 0 1
Seven-mile lower 1 9 57 386 89 85 1 0 0 2 10
Seven-mile lower 2 21 62 367 99 73 1 0 1 1 6
Three-mile lower 1 19 37 323 125 71 0 0 0 0 6
Three-mile lower 2 17 39 358 106 68 2 0 0 0 5
Crib elevated 1 0 1 1 9 1 0 0 0 0 0
Crib elet^ted 2 0 1 11 17 8 0 0 0 0 1
Crib lower 1 5 197 588 250 138 0 2 0 4 4
Crib lower 2 19 131 551 233 129 6 4 0 3 3
Total Lower 90 523 2,573 902 564 9 8 1 10 34
Total Elevated 12 64 229 171 47 0 0 0 0 2
Total 102 587 2,802 1,073 611 9 6 1 10 36
EF_LN - big brown /silver -haired bat group, EPFU = big brown bat, LABO - eastern red bat. LACI s hoary bat. LANO » silver haired bat, LB_ 

red/evOTlng bat group. 1-B_PS = eastern red/tri-colored bat group, MYLU = little brown bat, PESU * trl-colored bat. UNHF » high frequenc; 
UNLF s low frequency unidentified,
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Table 16. Percentage’ of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area 
(August 1 - November 14.2017).

Station EF_LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF
Seven-mile elevated 1 4.9% 3.1% 2.5% 4.5% 1.6% 0% 0% 0% 0% 0%
Seven-mile elevated 2 6.9% 7.5% 5.2% 9.0% 4.6% 0% 0% 0% 0% 2.8%
Seven-mile tower 1 8.8% 9.7% 13.8% 8.3% 13.9% 11.1% 0% 0% 20% 27.8%
Seven-mile lower 2 20.6% 10.6% 13.1% 9.2% 11.9% 11.1% 0% 100% 10% 16.7%
Three-mile lower 1 18.6% 6.3% 11.5% 11.6% 11.6% 0% 0% 0% 0% 16.7%
Three-^ile lower 2 16.7% 6.6% 12.8% 9.9% 11.1% 22.2% 0% 0% 0% 13.9%
Crib elevated 1 0% 0.2% 0% 0.8% 0.2% 0% 0% 0% 0% 0%
Crib elevated 2 0% 0.2% 0.4% 1.6% 1.3% 0% 0% 0% 0% 2.8%
Crib lower 1 4.9% 33.6% 21.0% 23.3% 22.6% 0% 33.3% 0% 40% 11.1%
Crib lower 2 18.6% 22.3% 19.7% 21.7% 21.1% 55.6% 66.7% 0% 30% 8.3%
Total Lower 88.2% 89.1% 91.8% 84.1% 92.3% 100% 100% 100% 100% 94.4%
Total Elevated 11.8% 10.9% 8.2% 15.9% 7.7% 0% 0% 0% 0% 5.6%
Total^ 1.9% 10.8% 51.4% 19.7% 11.2% 0.2% 0.1% <0.1% 0.2% 0.7%
’ Calculated by takir^ the number of species bat passes recorded at a detector or station type divided by the total number of species bat pas» 
^Calojlated by taking the number of species bat passes recorded divided by the all bats total number of bat passes recorded at the IWP.
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Table 17. Number of bat calls qualitatively verified at the Icebreaker Wind Energy Project Bat Survey Area during t( 
period (July 30-October 14.2017).

Station EF LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF t
Seven-mite elevated 1 8 25 86 72 12 0 0 0 0 0
Seven-mite elevated 2 7 50 155 114 30 0 0 0 0 1
Seven-mile lower 1 8 64 394 112 87 1 0 0 2 10
Seven-mile lower 2 20 71 376 125 74 1 0 1 1 6
Three-mile lower 1 23 47 343 146 77 0 0 0 0 6
Three-mile lower 2 19 50 375 120 74 2 0 0 0 5
Crib elevated 1 0 1 5 17 1 0 0 0 0 0
Crib elevated 2 0 1 8 19 2 0 0 0 0 0
Crib lower 1 5 240 630 298 133 0 2 0 4 3
Crib lower 2 21 164 590 268 128 5 4 0 3 3
Total Lower 96 636 2,708 1,069 573 9 6 1 10 33
Total Elevated 15 77 254 222 45 0 0 0 0 1
Total 111 713 2,962 1,291 618 9 6 1 10 34
EF_LN « big brown /silver-haired bat group, EPFU = big brown bat, LABO » eastern red bat. LACI * hoary bat, LANO = silver haired bat, LB_ 

red/evening bat group, LB_PS = eastern red/tri-colored bat group, MYLU = little brown bat, PESU = tri-cdored bat. UNHF = Wgh frequenc; 
UNLF s low frequency unIdenUfied.
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Table 18. Percentage' of bat calls qualitatively verified at the icebreaker Wind Energy Project Bat Survey Area I
period (July 30 - October 14. 2017).

Station EF LN EPFU LABO LACI LANO LB NH LB PS MYLU PESU UNHF
Seven-mile elevated 1 7.2% 3.5% 2.9% 5.6% 1.9% 0% 0% 0% 0% 0%
Seven-mile elevated 2 6.3% 7.0% 5.2% 8.8% 4.9% 0% 0% 0% 0% 2.9%
Seven-mlte lower 1 7.2% 9.0% 13.3% 8.7% 14.1% 11.1% 0% 0% 20% 29.4%
Se\«n-mile lower 2 18.0% 10% 12.7% 9.7% 12.0% 11.1% 0% 100% 10% 17.6%
Three-mile lower 1 20.7% 6.6% 11.6% 11.3% 12.5% 0% 0% 0% 0% 17.6%
Three-mile lower 2 17.1% 7.0% 12.7% 9.3% 12.0% 22.2% 0% 0% 0% 14.7%
Crib elevated 1 0% 0.1% 0.2% 1.3% 0.2% 0% 0% 0% 0% 0%
Crib elevated 2 0% 0.1% 0.3% 1.5% 0.3% 0% 0% 0% 0% 0%
Crib lower 1 4.5% 33.7% 21.3% 23.1% 21.5% 0% 33.3% 0% 40% 8.8% :
Crib lower 2 18.9% 23.0% 19.9% 20.8% 20.7% 55.6% 66.7% 0% 30% 8.8% :
Total Lower 86.5% 89.2% 91.4% 82.8% 92.7% 100% 100% 100% 100% 97.1% i
Total Elevated 13.5% 10.8% 8.6% 17.2% 7.3% 0% 0% 0% 0% 2.9%
Total^ 1.8% 11.8% 49.2% 21.5% 10.3% 0.1% 0.1% <0.1% 0.2% 0.6%
' Calcuilated by taking the number of species bat passes recorded at a detector or station type divided by the total number of speties bat pass< 
^Caloilated by taking the number of spetias bat passes recorded divided by the all bats total number of bat passes recorded at the iWP.
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In addition to the analysis of bat acoustic recordings described above, WEST also performed a 
statistical analysis of the correlation between the seven-mile lower and seven-mile elevated 
detector bat activity levels. This analysis was specifically requested by the iWP team based on 
discussions with ODNR, who requested that this additional analysis be performed to address 
the question of whether the data being gathered at these two recording stations was truly 
additive, as would be the case if the two data streams were found to be uncorrelated, or largely 
redundant, or if the two data streams were highly correlated. The results of this analysis showed 
bat activity at lower and elevated stations were highly correlated. The analysis was presented in 
a separate report provided by WEST to the IWP team, dated October 31, 2017. This report was 
submitted to ODNR on November 1, 2017, revised in response to ODNR comments on the 
initial draft, and Uie revised draft is attached as Appendix A.

DISCUSSION

The MOU signed by IWP and ODNR describes the goals of bat monitoring as 1) to document 
existing conditions and patterns of use by spedes of concern at the Project site; 2) to document 
changing conditions and patterns of use by species of concern and their associated habitats as 
a result of Project construction and operations at the Project site; 3) to develop and implement 
effective mitigation and adaptive management strategies to minimize avian and bat resource 
impacts; 4) to evaluate the feasibility of various monitoring protocols in an offshore setting; and 
5) to better understand how offshore wind projects In Lake Erie or the Great Lakes may affect 
birds and bats. The bat monitoring completed in 2010 by Tetra Tech and 2017 by WEST 
measured patterns of use iMthin and outside the Project site, and provides a baseline to which 
use can be compared after construction.

Offshore monitoring of bats provides unique chsdienges that on-shore facilities do not face. 
Humid conditions and harsh weather can cause bat detectors to malfunction more often than 
desired; despite the harsh conditions, detector success rates exceeded the 80% goal desired by 
ODNR. and met the Intentions of the MOU. Use of redundant detectors at stations and regular 
checks of equipment by LimnoTech increased the success rate. The ability of SM4/3 detectors 
to handle moist conditions also increased the success rate relative to other detectors typically 
used collect bat activity at wind-energy projects, such as Anabat.

ODNR requested a detector be raised as high as possible within the Project site to better 
assess bat use closer to the rotor swept zone of turbines; In response, LimnoTech deployed an 
experimental offshore buoy with a 10-m carbon fiber pole attached to the buoy. The detector 
was placed near the buoy and the microphone was elevated to the top of the 10-m pole. The 
detector operated successfully until the bolts connecting the pole to the buoy failed and the pole 
broke off from the buoy. The failure of the bolts was likely due to high winds and large waves, 
illustrating the logistical challenges associated with monitoring bat activity in offshore 
environments. As described in Appendix A. attached, data collected from the 10-m detector was 
highly correlated with data collected at a nearby detector located near water level, suggesting 
that both detectors recorded bat calls within similar airspaces. Wave action and hareh weather 
associated with offshore environments make it Impractical to collect acoustic bat data at heights
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greater than approximately 10*m for the majority of the active bat season. Collecting this 
additional data from elevated buoys is unlikely to provide additional insight into the existing 
conditions and patterns of use by bats at the Project site.

Previous Study Results

Acoustic studies using ultrasonic bat detectors provide a way to sample bats in locations, such 
as open water, that would not be able to be sampled using traditional bat capture methods. A 
wide variety of bat detectors exist on the market; however, different detector models use 
different technology and microphones to record bat echoiocation calls (Downes 1982 and 
Fenton 2000). A study by Adams et al. (2012) compared five different bat detector models, and 
found that there is significant variation in detection ability of different bat detectors. Different 
detector models use different microphone types, such as directional and omnidirectional 
microphones. Omnidirectional microphones have a greater chance of recording bat 
echoiocation calls than a directional microphone (Limpens and McCraken 2004). Direct 
comparison between studies that used different recording methods and technology should be 
made with caution, understanding that there are Innate differences in the ability of different bat 
detectors to detect and record bat echoiocation calls. Adams et al. (2012) showed Anabat 
detectors to consistently record fewer calls than four other detector types, including Wildlife 
Acoustics SM2 detectors. For example, Anabat units recorded approximately 5 synthetic bat 
calls played at 10-m from detectors at 25Khz compared to approximately 15 calls recorded by 
the SM2 detector.

Tetra Tech conducted a bat activity study (Svediow et al. 2012) using some stations that were 
also monitored WEST in 2017. Svediow et al. (2012) found different, generally lower, bat activity 
rates than the study by WEST. Different bat detectors were deployed in the two studies. In 
2010, Anabat SD1 bat detectors were deployed and, in 2017, SM4/SM3 bat detectors were 
deployed. SD1 bat detectors use a directiona! microphone that is not waterproof (requires 
additional housing to protect the microphone); whereas the SM4 bat detectors use an 
omnidirectional waterproof microphone that is better suited for off-shore bat activity monitoring. 
SM4/SM3 microphones are more sensitive and record more bat calls than Anabat detectors. 
The differences in detector type preclude direct comparison of the, number of bat passes 
recorded in 2017 to Svediow et al. (2012) or most land-based wind-energy projects that used 
Anabat detectors. Generally, both the WEST study and Svediow et al. (2012) found a similar 
species composition, along with seasonal activity trends (higher activity in the summer and fall) 
at the recording locations. Both WEST and Svediow et al. (2012) documented significantly more 
bat activity al the lower detector on the crib compared to oth«“ detectors. Svediow et al. (2012) 
suggested the reason for the increase activity was that bats were attracted to the crib, the 
reasons for which were undear but could be related to insects congregating around lights on the 
crib.

CONCLUSIONS

The results of this sUidy provide a valuable baseline to which use and mortality can be 
compared post-construction. For example, the bat species recorded, and the timing of bat
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activity was similar to patterns of mortality at on-shore wind-energy facilities (Arnett et at. 2008); 
post-construction monitoring can be used to determine if bat mortality off-shore at Uie Project 
also follows patterns observed at on-shore facllHIes. While H is tempting to use activity rales 
recorded during this study to precisely predict post-construction mortality rates by comparing 
our results to Svedlow et al. (2012) or projects located on-shore, the ability of SM detectors to 
record significantly more bat calls than Anabats makes these comparisons inappropriate. Most 
existing studies of on-shore vwnd-energy facilities Ohio and elsewhere have utilized Anabat 
detectors to characterize bat activity, which record significantly fewer bat passes.

The lack of empirical relationships between pre-construction bat activity and post-construction 
bat mortality rates also precludes precise predictions of bat mortality rates. Research cx>mpleted 
to date has not shown a strong correlation between pre-construction bat activity rates and post
construction bat mortality rates. Baenvaid and Barclay (2009) found a significant positive 
association between pass rates measured at 30 m and fatality rates for hoary and silver-haired 
bats ao’oss five on-shore wind projects in southern Alberta; however, only 31% of the variation 
in activity and mortality was explained during their study. Hein et al. (2013) were unable to find a 
significant relationship between bat activity and mortality in a review of 12 wind projects in the 
US with adequate pre-construction activity data and post-construction mortality data, and similar 
to BaenA^ald and Barclay (2009). a small portion of variation in fatalities (21.8%) was explained 
by bat activity. Differences in survey methodologies could partially explain the lack of 
correlation; however the propensity for bats to be attracted to turbines is the more likely 
explanation for ttie lack of strong correlation between pre-construction bat activity estimates and 
post-construction bat mortality rates (Jameson and Willis 2014, Cryan et ai. 2014).

Gordon and Erickson (2016) assessed risk to bats from the Project based on available data, 
and predicted that bat fatality rates would be within the broad range of mortality recorded at on
shore wind-energy facilities, and there was a low potential for collision risk of species protected 
under the endangered species act. The results of this study are consistent with the conclusions 
of Gordon and Erickson (2016).
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Appendix A: Memorandum RE Analysis of the Correlation Between Low and High 
Microphones in the Daily Patterns of Bat Acoustic Activity Recorded at the Buoys at the 

Icebreaker Wind Project Site During Summer, 2017 (Revised December 30, 2017)



WEST
ENVIRONMENTAL & STATISTiCAL CONSULTANTS

2990 Richmond Avenue, Suite 510 
Houston. TX 77098 (pi 2) 229-8399

December 30, 2017

Beth Nagusky 
Icebreaker Wind. Inc.
1938 Euclid Avenue, Suite 200 
Cleveland, OH 44114

RE: Analysis of the correlation between low and high microphones in the daily patterns 
of bat acoustic activity recorded at buoys located at the Icebreaker V\^nd Project site 
during summer, 2017

Dear Ms. Nagusky,

Icebreaker Wind, Inc. (IWI) requested that Western EcoSystems Technology, Inc. (WEST) 
prepare a data summary Including a quantitative analysis of the strength of the correlation 
between high (10 meters above water surface) and low (2 meters above v/ater surface) 
microphones located on buoys within the Icebreaker Project site, in the daily patterns of bat 
acoustical activity detected at these microphones during the period of time during which data 
was gathered at both high and low microphones (July 11 - August 30, 2017). This 
memorandum presents our findings with regard to this request.

Please let me know if you have any questions regarding the data or analysis presented herein. 

Sincerely,

Caleb Gordon, Ph. D.
WEST. Inc.
512-229-8399
cgordon@west-inc.com



Field Sampling

The data analyzed in this memorandum are bat acoustic data gathered with four SM4 bat 
acoustic detectors deployed on two buoys deployed roughly 300m from one another within the 
Icebreaker Wind Project site, roughly 9 miles from the shore of Cleveland, Ohio. Two detectors 
were deployed on each buoy. On one buoy, both detectors were deployed at an elevation 
roughly 2 meters above the voter’s surface. These are referred to herein as the “low” detectors. 
On the other buoy, the microphones for the detectors were deployed atop a carbon fiber pole, 
such that they were located at an elevation roughly 10 meters above the water’s surface. These 
are referred to herein as the “high" detectors. Further details regarding these deployments, the 
buoys, the detectors, and the acoustic data processing and analysis methods is provided in the 
MOU signed between IWl and the Ohio Department of Natural Resources’ and the first 
quarterly report on bat acoustic monitoring prepared by WEST^.

Analysis Methods

The objective of the present analysis was to examine the strength of the correlation between the 
high and the low detectors in the patterns of nightly variation in bat acoustic activity, or “calls,” 
recorded at each of these locations during the period where simultaneous recordings were 
gathered at both high and low detectors, extending from 11 July through 30 August, 2017.

To this end, we performed a two-tiered analysis. The first comprised a simple investigation of 
correlation involving dates for which all four detectors successfully obtained data. The second 
comprised a more involved analysis incorporating data from detectors on days for \which at least 
one detector type’s data of bat calls was available. Table 1 describes the temporal ranges 
during which different detectors successfully collected data.

Prior to analysis, nightly call-count data were first normalized by adding one, and then 
transformed via the log function. The variable used for this analysis was nightly total bat call 
counts. Thus, there is no analysis of patterns over hourly time within nights. Only the pattern of 
night to night variation in total nightly calls was analyzed.

’ Icebreaker Windpower Inc., 2017. Response and Application Second Supplement. Avian and Bat MOU. 
Memorandum of Undemtanding between the Ohio Department of Natural Resources and Icebreaker 
Windpower, inc. in the matter of the Application of Fred Olsen Renewables USA LLC/lcebreaker 
Windpower Inc. for a Certificate to consttuct a wind-powered electric generation facility. Case # 16-1871- 
EL-BGN. Filed July 20.2017.
^ Matteson, A., B. Hale, C. Gordon, and R. E. Good, 2017. Icebreaker Wind Bat Monitoring, Lake Erie, 
Ohio. Interim report March 21-August 14, 2017. Prepared for Icebreaker Wind, Inc. by Western 
EcoSystems Technology, Inc.



Table 1: Date ranges of data included in both analysis strategies, with respect to each of the 
four detectors. For a date to be included in the Correlation analysis, data must have 
been recorded at ail four detectors. For inclusion in the Analysis of Covariance, data 
need only have be^ recorded at one of the two Detectors of a particular Altitude. 
Column N describes the number of nights of data from that Detector contributing to that 
analysis strategy

Altitude Detector
Correlation 

Date Rartne N
Analysis of Covariance 

Date Ranoe N
Uinh 1 Jul 19-Aug 14 27 Jul 11-Aug 14 35

2 Jul19-Auq14 27 Jul 19-Aua 30 43
1 Jul19-Aug14 27 Jul 11-Aug 30 51
2 Jul 19-Auq 14 27 JuMI-Auq 30 51

Correlation

In order to obtain an initial simple snapshot of the underlying data, correlation patterns between 
the log-call counts recorded via the high detectors were compared with the same from the low. 
Generally speaking, correlation analyses investigate the relative strength of the correlation 
between two variables by pairing each value of the first variable with a corresponding value in 
the second.

To ensure an appropriate comparison between, the high- and low-altitudes, the nightly data 
recorded at both detectors, for each altitude, were averaged. Thus, for any one day, the two 
available data points of that altitude type were reduced to one data point. Dates for which one of 
the detector data points were missing for an altitude were removed from consideration. In this 
way, 27 paired observations covering the temporal range from Jul 19 - Aug 14, inclusive, were 
obtained for initial correlation investigations, with one variable describing average low logged 
call-counts, and the other high.

To estimate the correlation between the log-count data recorded from both altitudes, 
standardized high-altitude calls were regressed against the same of low-altitude calls via simple 
linear regression. When performed In this way, the slope estimate from the resulting model 
equals the correlation r between the regressor and outcome. Squaring of the slope estimate, in 
this case the correlation, provides the coefficient of determination r^. The coefficient of 
determination identifies the proportion of variance of log-scale high-altitude calls explained by 
the variability in log-scale low-altitude calls.

The same log-scale simple linear regression was then repeated, but with nan-standardized 
onginai values. From this regression of high-altitude log-counts against (ow-altitude log-counts, 
the values of the intercept and slope were obtained and assessed. Data exhibiting high 
correlation between high-altitude log-counts and tow-altitude log-counts should have estimated 
regression intercepts dose to zero, and estimated slopes close to one. In this case, this means 
that high-altitude log-counts can be accurately predicted via low-altitude log-counts alone, or 
vice versa.



Analysis of Covariance

The correlation analysis described above only incorporates data on dales for which ail four 
detectors were functioning. However, different detectors were functioning on different days 
(Table 1). Use of all the available data, including those dates on which at least one detector of 
an altitude was non-functioning, requires a different anai^is.

Analysis of covariance is a statistical technique that combines regression with analysis of 
variance. Statistical regression, as applied here, allows for the trending of bat cads against time. 
Analysis of variance identifies statistical differences between categorical groups, or In this case, 
the meart number of bat calls recorded at discrete detector altitudes. Here then, an analysis-of> 
covariance model allows for the evaluation of trends in bat calls over time over categorical 
detector altitude (“high" or “low"), along with nuisance parameters (replicated detector), in one 
modeling framework.

Via its regresslon-like structure, analysis of covariance allows for the control of possible 
confounding variables which could influence the accuracy of simple correlation, as described 
above. It also allows for the use of all data, even on days for which only one of the four 
detectors was functioning. Finally, It also permits more complicated covariance structures.

To identify important predictors of log call-counts recorded over time, an initial analysis-of- 
covariance model was fit. The initial model considered categorical detector altitude, time, their 
interaction, and replicated detector. Consideration of an interaction allows for independent 
trending of detector-altitude bat-cali time series, within one modeling framework. M applied 
here, the presence of an interaction of log call-counts against time, with respect to high and low 
detectors, would graphically result in the two temporal high- and low-trends not being parallel.

However, prior to the investigation and possible removal of individual variables, possible call- 
count (ag-1 autocorrelation was assessed via examination of four autocovariance plots for each 
of the two detectors at each of the high and low altitudes. Lag-1 autocorrelation is the tendency 
for the call-count at a detector on any one night to correlate with values from the previous night. 
Lag-1 autocorrelation, a type of covariance structure, was assessed by fitting the initial-model 
analyses of covariance models described above, In restricted maximum-likelihood models vwth 
and without an overall lag-1 autocorrelation variance structure. Statistical significance of the 
overall autocorrelation was then assessed via a likelihood-ratio test.

After the initial assessment of lag-1 autocorrelation, and assuming its removal, analysis of 
covariance was than run in a sequential manner to assess for the significance of individual 
mod^ covariates. Modeling followed a backwards regression fitting procedure, in vi^ich more 
complicated models were considered first. Variables were removed, one-by-one, if the use of a 
one-degree-of-freedom likelihood ratio test exhibited a p-va!ue greater than 0.05. In this case, 
we concluded that this variable did not contribute significantly to the explanatory vaiue of the 
model, and it was removed. The procedure was then repeated with the newly simplified mode). 
The procedure was stopped when all included variables exhibited sufficiently low p-values. In 
these subsequent tests invoMng only fixed effects, maximum likelihood was used.



The models were first assessed for significance of replicated detector. Next, the Interaction was 
evaluated, followed by detector height. The time trend was the final covariate evaluated. In all 
cases, evaluation of the next covarlate only proceeded If the llkeiihood-ratio test of the previous 
covariate was not significant (thereby ensuring its previous removal}.

Results

Correlation

The first-look of correlation between low- and high-altitude log call-counts, following the 
averaging of non-missing nightly detector data, was r = 0.8744, 90% Cl: (0.8442,0.8991). with a 
coefficient of determination ^ = 76.46%.

The regression of nightly averaged log-counts of high versus low led to an intercept estimate of 
0.3606,90% Ci: (0.0827,0.6385) and slope estimate of 0.8440, 90% Ci: (0-6910. 0.9970).

Figure 1 depicts the 27 nightly counts of bat-calls, averaged over detector, for each of the high 
and low altitudes utilized in the correlation analysis.

Analysis of Covariance

Examination of autocovariance plots suggested no significant autocorrelation. Further, results 
from the first likelihood-ratio test examining lag-1 autocorrelation were non-significant 
(p=0.3629). Analysis-of-covariance model fitting suggested removal of the following covarlates 
due to low explanatory value: replicated detector (p=0.7735), time-altitude interaction 
{p=0.8207}, and altitude (p=0.3666). Nonetheless, because of the interest In altitude as a 
potential explanatory factor, we present data from a mode! that Included altitude as an 
explanatory factor (the second-to-last model), as well as a final model, which retained only date 
and an Intercept as factors governing the nlght-to-night variation in total bat calls.

Figure 2 illustrates all four time series (two high detectors and two low detectors). All four time 
series exhibit similar patterns. Figure 2 also includes a mode! fit for each of the detectors from 
the second-to-iast model (the one that retained altitude as an explanatory factor, even though 
the model selection process showed that attitude did not explain a significant amount of 
variation in nightly bat calls).

Conclusion/Discussion

Our initial simple correlation analysis, using dates for which data were available from all four 
detectors, led to the conclusion that the patterns of daily variation in bat call activity are highly 
correlated between the high-altitude and low-altitude detectors. This suggests that either one of 
the altitudes alone could be used to assess the temporal trend of bat calls at the Icebreaker 
Wind Project site, within altitudes sampled by detectors placed between 2m and 10m altitude.

The plot of high-altitude vs low-altitude counts of calls shows a preponderance of nights with 
very low numbers of calls, and a greater number of points above the light-gray line of perfect fit



on such nights (Figure 1). To explore the effect of this pattern on the correlation, we repeated 
the regression of nightly averaged high-altitude log-counts versus low-altitude log-counts with 
regression forced through the origin. Regressing in this way led to a slope estimate of 1.0487, 
90% Cl: (0.9506, 1.1468). This strong value very near ojie aligns with the strong correlation 
result discussed earlier, and Indicates that the result of high correlation between high and low 
altitude detectors is stable when the intercept is stabilized at the origin.

The correlation reported here of r = 0.8744. after averaging nightly detector data, is Incredibly 
strong. Similarly, the strong slope estimate of 1.0487 following a forced fitting through the origin, 
suggests that for the period covered by the correlation analysis (July 19 through August 14), the 
nightly call totals for high and low detectors were statistically the same.

An expanded statistical effort, designed to use all the data, even on nights w^en at least one 
detedor was not operational, found similar evidence of sameness in the high and low log <^ll- 
count patterns. This expanded analysis-of-covariance effort, which incorporated more data, 
considered possible autocorrelation, and tested for possible confounders, led to a similar 
“sameness" result. That result Indicated no statistically significant difference between detector 
altitudes at the alpha = 0.05 level. Thus, the analysis-of-covariance analysis echoes the 
conclusion of sameness suggested from the correlation analysis.
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Figure 1: Number of High- vs. Low-Altitude Calls. Each data point represents one night. Each 
point's coordinate reflects the nightly average value for each altitude. Note that the only 
nights included in this analysis were nights for which data was gathered from all four 
detectors (July 19-August 14). One data point that was identical for two nights is labeled 
“2Mhe light gray zero-intercept and slope-one line of perfect fit are highlighted.



High
High Treml
Low
Low Trend

aSftRS83Sg2?JS22aaSSS3

Figure 2; Number of Calls versus Date for High and Low Altitudes at Each of Two Detectors. Each 
night records the number of bat calls up to four distinct points, with two detector points 
for High Altitude and two for Low Altitude. The trend lines depict the temporal trends for 
each altitude, using the model from the covariance analysis that retained altitude, as well 
as date (the "second-lo-last" model, see text).
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5 LeedCo Icebreaker Pre-construction and Post-construction Monitoring Survey Protocol 

U.S. Fish and Wildlife Service and Ohio Department of Natural Resources Division of Wildlife

Comments 

Feb. 28,2017

The below comments represent U.S. Fish and Wildlife Service and Ohio Department of Natural 
Resources Division of Wildlife recommendations relative to the matrix of pre- and post-construction 
monitoring options provided by LeedCo via e-mail on January 5, 2017.

1. Bat acoustic monitoring

a. Pre-construction

i. On 10 mile large buoy—high ('^SO m or as high as possible) and low ('^water 
level) detectors. If the "high" and "low" detectors are separated by at least 40 
m, add a "middle" ('^30 m) detector too.

ii. On 3 and 7 mile buoys—low detector

iii. On Cleveland crib-high (~50 m) and low (close to water surface) detectors

iv. Per ODNR protocol, use AnaBat detectors (either SDl or those equipped with CF 
ZCAIMS), with sensitivity adjusted to detect a calibration tone3 at 20 meters.

V. March 15-November 15, half hour before sunset until half hour after sunrise; all 
monitors running concurrently for the entire season.

b. Post-construction

i. On 3 turbines (at least one on an end)—high (nacelle), medium {~ 30 m), and 
low (~10 m)detectors

H. Oncrib—high, low detectors

iii. On 10 mile buoy—high and low detectors

c. Rationale

i. Provides bat species composition at various altitudes, index of bat activity 
overall and at various heights, seasonal patterns of movements. Allows 
comparison between site-specific data and crib data, assuming that site-specific 
data may not be as high as can be obtained from crib,

d. Successful performance criteria

i. 80% of nights per detector recorded during active period (March 15-Nov 15)

2. Waterfowl aerial surveys—with observer

a. Pre-construction, see attached protocol

I. Focus on waterfowl (esp. red-breasted mergansers that are easily spooked), 
bald eagles, ice relative to location of birds

ii. Survey transects should run parallel to the turbine string.

ill. Oates: mid-October - end of May

iv. Frequency: Every 2 weeks

EXHIBIT



V, Transect spacing: Transects should be close enough to the turbines to observe 
birds between the turbines, but need to be a safe distance from the Wades.

vi. Flight heights; 76-100 m in orderto detect small waterbirds.

vli. Flight speeds; 150-200 km/h {unless constrained by local flying restrictions) 
viii. Weather conditions; 4 or below on the Beaufort scale, winds approximately 37 

km/h or less. Minimum of 3.2 km of visibility (or pilot's discretion).

ix, GPS location for each bird or flock should be recorded, 
b. Post-construction

i. Similar transect protocol as pre-construction

ii. Year 1 after construction,year 4 after construction 
C. Rationale

i. Species numbers, distribution, use of project area seasonal patterns; eagles; 
ice; avoidance/attraction/dispiacement 

d. Successful performance criteria

i. Bi-weekly surveys during designated timeframe in appropriate weather 
conditions.

3. Radar
a. Boat based radar is not technologically there yet, nor cost advantageous, and it focuses 

on waterfowl, but we have other methods outlined to address v./aterfowl. NEXRAD data 
is not useful for assessing bird/bat behavior within rotor swept zone, v/hich is the data 
we need. Thus we suggest these approaches should not be considered further.

b. Pre-construction

i. We strongly recommend S-band radar, see attached protocol.

ii. Preferred is radar data from project area—FWS and ODNR have been 
requesting this information since 2008. We still advocate for a single radar, on 
Its own platform, within project area for spring and fall season of pre

construction monitoring as the preferred option.

iii. Our second choice is to install one or all turbine bases prior to fall (2017), put a 
radar on one of the turbine bases for fall 2017-spring 201S, then install turbines 
after spring 2018.

iv. Our third choice is to install one or all turbine bases prior to fall. Once the first 
turbine base is installed at the furthest point from shore, place radar unit an it 
and begin collecting data on fall migration as other bases are being installed. 
Install towers, with radar on platform collecting data until last tower is erected. 
(Assumes data collected for 6-8 weeks over fall migration period, which is key 
focus). Additionally, install radar on Cleveland crib with elevated antenna for 
spring and fall.

1. Limitations of this approach: We are only getting fall data (we believe 
that fail is the most important season due to high bat mortality in fall 
migration), no information on spring risk. We v/ou!d use the comparison 
between crib data and onsite data in fall to extrapolate what may be 
occurring onsite in spring. This is not ideal, but v/e think it is workable.



Construction activities may cause "clutter" on the radar map and may 
alter bird activity \vithin the project area.

V. Site specific radar data is critical to our analysis. If none of the above options 
can be implemented, we vnll work with the applicant to evaluate other methods 
of obtaining site specific radar data.

c. Post-construction

i. Preferred is single radar, on Its own platform, within project area, in years 1, 3, 
and 5, from spring-fall.

\h Our second choice is 2 radars mounted on turbine platforms, in years 1,3, and 
5, from spring-fall.

d. Rationale

i. Site specific data on night migration of birds and bats. Altitude data of bird and 
bat targets within rotor swept rone, counts of targets, peak dates of migration, 
seasonal patterns. Avoldance/attraction/displacement.

il. Because this is a pilot project the intent is to study and understand the impact 
of the project on various resources. Without project-specific radar information 
we cannot get key information needed to understand that impact.

e. Successful performance criteria

i. Site-specific data; radars operating and collecting data over at least 80% of 
nights during spring/fail migration period.

Carcass monitoring

a. Pre-construction—proof of concept development

i. Bat nets—We believe this concept could have merit, but v;e \would like to see a 
more fieshed-out conceptual proposal first. Please draft a detailed proposal and 
plans, and a land-based test concept and submit to FWS and OONR for review. 
Be sure to consider carcass distribution of bats relative to distance from turbine. 
Net should be designed to collect at least 30% of bat carcasses and carcasses 
should be recoverable from the nets.

ii. "Thunk" detection—We believe this concept could have merit. We request 
foliow-up with the technology developer to ensure the technology could be 
ready to deploy v/ithin the project timeframe (tasting in year 1, deployment in 
2018-2019, etc.). Please draft a detailed proposal and plans, and a land-based 
test concept and submit to FWS and ODNR for review.

iii. jdentiflight—The original application for this technology (detecting golden 
eagles during daylight and shutting down turbines) is very different that the 
application needed for this project (detecting small nocturnal animals striking 
turbines). We think that the other options are more applicable and closer to 
being ready than this option. We suggest not using this option at this time.

b. Post-construction

I. Bat nets— If proof-of-concept test works, then install on 3 turbines during years 
1,3, and 5, and through the lifespan of the technology.



c.
d.

ii. "Thunk detection"—if proof-of-concept testt works, then install on 3 tuvhinss 
during years 1, 3, and 5, and bsyand, through the lifespan of the technology.

iii. Live obsen/ers—do not recommend this for carcass monitoring, as most 
mortality is expected to occur at night and could not be observed. Do not 
recommend this for waterfowl displacement study because aerial flights and 
radar v^ould be better to address displacement.

Rationale—to detect collisions of birds/bats, identify carcasses at least to guild 
Successful performance criteria—ability to detect bird/bat collisions. Generate a 
reasonable estimate of col!isions/MW/year. Set up an adaptive management program 
to address potential performance issues with new technology.


